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On February 20, 1865, four years after approval
of its founding charter, the Massachusetts
Institute of Technology opened its doors to
admit the first class of 15 students. The event
marked the culmination of an effort by William
Barton Rogers, MIT's founder and first
president, to create a new kind of educational
institution relevant to the times and to the
nation's need, where students would be
educated in the application as well as the
acquisition of knowledge. A distinguished
natural scientist, Rogers stressed the
importance of basic research, and believed that
professional competence was best fostered by
the coupling of teaching and research and
attention to real-world problems.

Today, education and related research continue
to be MIT's central purpose, with relevance to
the practical world as a guiding principle. The
Institute is an independent, coeducational,
privately endowed university. It is broadly
organized into five academic Schools -
Architecture and Planning, Engineering,
Humanities and Social Science, Management,
and Science- and the Whitaker College of
Health Sciences and Technology. Within these
Schools and the College are 21 academic
departments, as well as many interdepartmental
laboratories, centers, and divisions which
extend beyond the traditional departmental
boundaries.

MIT's total enrollment is 9,798 students, almost
evenly divided between undergraduates and
graduates. In 1992-93, MIT students came from
all 50 states, the District of Columbia, three
territories, and 97 foreign countries. The
proportion of international students at the
Institute, about 22 percent, is one of the highest
in an American university.

The MIT faculty numbers 1,077, with a total
teaching staff of over 2,002. Most faculty
appointments are in one or more of the
academic departments, but faculty members
also work in many interdepartmental
laboratories, centers, and divisions. Most faculty
at MIT teach both graduate and undergraduate
students. Undergraduates often register for
graduate classes: many undergraduates and all
graduate students participate, often together, in
advanced research.

The confluence of ages, disciplines, and
nationalities so characteristic of MIT brings
together students and teachers, biologists and
architects, humanists and engineers, young and
old, and deeply influences the life and
experience of every member of the academic
community. The result is an academic
environment with a strong focus on excellence
and a diverse range of interests.

Welcome by the President ..... 5

The MIT Bulletin opens with a welcome from
President Charles Vest. The ensuing chapters,
each described in a thumbnail sketch below,
provide a detailed picture of undergraduate and
graduate student life at MIT

If you have questions that the Bulletin does not
address, please write or telephone. For contacts
and addresses, refer to sections of individual
chapters as well as to the Directory of Services
on the preceding page.

Chapter I
This is M IT .................. 6

Refer to this chapter for quick lists of Schools,
departments, and programs, and of
undergraduate degrees offered at MIT. Map
details offer an explanation of the numbering
scheme for buildings (the only way to get
around!) and include a description of the
"Stonehenge" phenomenon, a unique
characteristic of the infinite corridor.
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Are there fraternities and sororities at MIT?
Where are the food services on campus? How
can I learn about arts activities at the Institute?
What might I expect in terms of support for
career planning? Is child care available? How
much will I pay for health care coverage for my
family? Check here for answers to these and
other questions.
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Arts at MIT 24
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Preprofessional Advising .............. 28
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at MIT ............................ 29
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Undergraduate Education ..... 32

To complete work for a bachelor's degree in any
field, the undergraduate student must complete
the General Institute Requirements (see list
below) and the departmental program specific
to the Course in which the Bachelor of Science
degree is awarded. This chapter explains these
requirements as well as other aspects of
undergraduate education, including admissions
and financial aid. For an explanation of how the
General Institute Requirements relate to specific
departmental programs, refer to Chapter VII.

Academic Programs ................ 34
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Chapter IV
Graduate Education .......... 62

What specific graduate degrees does MIT offer?
Can I take classes at other institutions? What are
the dates for submitting admissions materials?
And how much will it all cost? Look here for
answers.

Organization of the Graduate School .. 64
General Requirements for Graduate
Degrees .......................... 65

Master's Degree .................... 65
Engineer's Degree .................. 66
Doctoral Degree .................... 66
Cross-Registration at Other Institutions . . 67

Adm issions ....................... 68
Regular Graduate Admissions ......... 68
International Graduate Admissions ...... 69
Special Graduate Student Admissions ... 69

Costs for Graduate Students ......... 70
Financial Aid ...................... 72

Fellowships, Traineeships, and
Scholarships ....................... 72
Teaching and Research Assistantships . . 73
Loan Funds ........................ 73
Other Employment Opportunities ....... 73

Chapter V
Academic Procedures and
Institute Regulations . . . . . . . . . 74

Can I take an incomplete grade in a class? What
is MIT's policy on harassment? Does MIT
disclose information about students to persons
outside the Institute? Where can I park my car?
For answers to questions on the rules and
regulations that govern day-to-day life at the
Institute, refer to this chapter.

Academic Procedures .............. 76
Registration ........................ 76
Academic Performance and Grades .... 78
End-of-Term Regulations ............. 80

Institute Regulations ................ 81
Policies and Procedures .............. 81
Privacy of Student Records ........... 84
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Chapter VI
Interdepartmental Study and
Research .................. 86

This chapter lists alphabetically the Institute's
major interdepartmental organizations and
research facilities, and describes
interdepartmental opportunities for
undergraduate and graduate students to study
and conduct research. Each description
includes the name, address, and telephone
number(s) of the individual(s) to contact for
further information.

O verview ......................... 88
Program s ........................ 89

Chapter VII
Departmental Degree Programs
and Requirements ......... 116

A course is a course, of course. Not necessarily!
In general, at the Institute, the word Course
(capitalized) refers to an organized curriculum
leading to a specified degree; otherwise, the
word course (lower case), or subject, refers to
the individual class. Each Course is designated
by a Roman or Arabic numeral: individual
subjects are given Arabic numerals that
correspond with the Course numbers.

For example, Course 11 and Course Il-A are
curricula in Mechanical Engineering: the
numeral 2.05 indicates a subject in Mechanical
Engineering. Note, however, that Course 2 or
Course 11 may also refer to the Department of
Mechanical Engineering.

Chapters VII and Vill describe MIT's Courses
and subjects from two different perspectives.
Chapter VII presents Course information School
by School, providing details on undergraduate
and graduate programs, and lists of faculty. The
Schools (and Whitaker College), and the
departments within each School, appear in
alphabetical order. In contrast, Chapter Vill lists
subjects department by department in
numerical order by Course number. (For a
complete list of departments and programs,
refer to the Guide to Departments and Course
Numbers that begins Chapter Vill.)

Chapter VII also provides detailed degree charts
for each Course, and defines the subject and
unit requirements for each undergraduate
degree.

School of Architecture
and Planning .............. 118

Architecture (Course 4) ............. 120

Urban Studies and Planning
(Course 11) ...................... 125

Program in Media Arts and Sciences .. 131
(MAS)

School of Engineering ...... . 132
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. 135
143
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(Course 3) ...................... 167
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Welcome by the President

Since its founding at the midpoint of the
nineteenth century, the Massachusetts Institute
of Technology has been a unique institution.
Great institutions of higher education are
grounded in and learn from the past; interact to
some degree with the world of the present; and
aspire to influence the future. MIT is no
exception, but in large measure, the Institute's
uniqueness derives from the unusual extent of
our engagement with the present and
dedication to the future. We apply our talents to
problems posed by contemporary society -by
its institutions of industry, commerce, arts,
healing, and politics. Yet our minds are even
more firmly engaged in shaping the future. This
somewhat singular approach to our mission has
enabled us, over the years, to define new forms
of research and scholarship, and to establish
new paradigms for education.

MIT students, faculty, and staff are deeply
engaged in the process of learning in the
classroom, in the laboratory, and from each
other. There is an exhilarating sense of being at
the cutting edge in all that we do. You will find
MIT to be intense and demanding, yet the
atmosphere here is highly collegial. You will be
a very important part of one of the world's great
institutions of learning and exploration.

MIT, with technology and natural science at its
core, yet encompassing the work of humanistic
scholars, social scientists, architects, planners,
management experts, and artists, is ideally
suited to play a major role in the establishment
of the new national and world security in which
all nations are bound together by the need for a
safe and healthy environment; a security that
requires that we mend our nation's social and
racial rifts; a security that requires us to enhance
industrial quality and productivity. Above all, it is
a security that relies on access to, and wide use
of, knowledge.

At MIT, you join a company of scholars and
practitioners whose work is challenging,
energizing, and of enormous importance to this
new world security. The quality, style, and
content of our educational programs will
prepare you well for a wide variety of leadership
positions in industry, academia, and public
service -leadership that will be essential to a
vital future in an increasingly technological and
interdependent world.

Charles M. Vest
President
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8 Chapter I

Academic Calendar

The academic calendar provides a framework
for educational programs and cultural events
and generally influences the patterns of campus
life. At MIT the fall term starts shortly after Labor
Day and ends before Christmas, and the spring
term starts in late January and ends in late May.

The January Independent Activities Period (IAP)
provides a significant dimension to educational
activities. The time during IAP may be devoted
to research, study in a field of the student's
interest, travel, relaxation, or investigation of new
areas of interest. During this time more than 500
special activities, including films, field trips,
seminars and lectures, individual projects, and
intensive subjects and workshops, are offered
on the campus. There are also numerous off
campus activities, including field trips and
academic projects abroad.

During the regular summer session, MIT offers a
limited selection of the subjects available during
the academic year, as well as a few subjects
designed for special interests and needs.

1993

August

6 Theses due for all September degree
candidates

11 Last day to petition for September
advanced standing exam

13

13

Payment for fall term due

Last day to go off September degree
list

20 New graduate student pre-registra-
tion deadline ($30 late fee). Registra-
tion material due, but choice of sub-
jects can be deferred until Registra-
tion Day.

20 Fall term registration material
delivered to departments

26 Freshman Residence/Orientation
Week begins

30 Grade reports for summer session
mailed to term address

31 Graduate Student Orientation Week
begins

September

1 English Evaluation Test for Interna-
tional Students 9 am-12 noon

1-3 Graduate Student Orientation Week
continues

2, 3 Some postponed finals and
advanced standing exams
(other than freshmen)

6 Labor Day (Holiday)

8

8

Registration Day -fall term

Deadline for final term seniors to
complete Writing and Physical
Education Requirements (or submit
petition) and submit Humanities, Arts,
and Social Sciences (HASS) Concen-
tration Completion Form (each with
$30 late fee)

8 International Open House, Bush
Room, 10-105, 9:30 am-5 pm: 7:30
pm-9 pm.

9

15

22

First day of classes

Degree application deadline for
February S.B. and advanced degrees
due in Registrar's Office, E19-335
($30 late fee; $60 after December 10)

Reeistration deadline: signed
regstration forms for all students due
in egistrar's Office ($30 late fee)

29 Minor completion date. Deadline for
submitting minor completion form for
final term seniors ($30 late fee)

29 Late fee ($90) for students who
initiate registration process after
this date

29 Deadline for completing Harvard
cross-registration. Late Fee ($30) for
any petitions approved after this date.

30 Last day to sign up for family health
insurance or waive individual
coverage

October

8 Add date, the last day to add subjects
to registration. Undergraduates must
petition the Committee on Academic
Performance and graduate students
must petition the Committee on
Graduate School Policy for any
additions after this date (and include
a $30 processing charge).

8 Last day for juniors and seniors to
change an elective to or from
P/D/F grading

8 Late fee ($90) for students completing
registration after this date

8 Deadline to submit petition to transfer
credit between undergraduate and
graduate records ($30 late fee)

8 Last day to submit financial aid
applications for students registered
for fall 1993. Applications received
after this date may not receive full
consideration for MIT grant.

11, 12 Columbus Day vacation

18 Student turn-in deadline for
Freshman Evaluation Forms

22 Instructor turn-in deadline for
Freshman Evaluation Forms

November

11 Veterans Day (Holiday)

19 Drop date, the last day to cancel
subjects from registration. Under-
graduates must petition the Commit
tee on Academic Performance and
graduate students must petition the
Committee on Graduate School Policy
for any drop after this date (and
include a $30 processing charge).

19 Last day to add a time-arranged
subject that started after the begin-
ning of the term.

19 Last day to petition for December ad-
vanced standing exam (given during
Final Exam Period)

25, 26 Thanksgiving Vacation

December

1, 2 Spring term registration material
available in Building 10 Lobby

3 Subjects with final exam-No assign-
ment or exercise of any kind may fall
due after this date

4 Subjects with no final exam - Restric-
tion that applies from this date
through the last regularly scheduled
class in the subject: either a one-hour
quiz may be given during a regularly
scheduled class period or one
assignment may fall due.

9

9

Last day of classes

Deadline for students to turn in Fresh-
man Evaluation Forms

10 Last day to submit or change
advanced degree thesis title ($60 late
fee)

13-17

17

Final exam period

Pre-registration deadline. Registra-
tion material for spring term due in
Registrar's Office, El 9-335
($30 late fee)

18 Winter vacation begins (through
January 2)

31 Deadline for instructors to turn in
Freshman Evaluation Forms
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1994

January

2 Winter vacation ends

3 Fall term grade reports mailed to
term address

3 First day of Independent Activities
Period

7 Thesis due for doctors' degrees

11 Last day to petition for January
advanced standing exam

14

14

Payment for spring term due

Thesis due date for degrees other
than doctoral

14 Last day to go off February degree
list

17 Martin Luther King, Jr.'s Birthday
(Holiday)

24 English Evaluation Test for Inter-
national Students 9 am-12 noon

24-27 Some advanced standing exams and
postponed finals

26 Last day of Independent Activities
Period

27 Registration Day -spring term

27 Deadline for final term seniors to
complete Writing and Physical
Education Requirements (or submit
petition) and submit HASS Concen-
tration Completion Form (each with
$30 late fee)

27 Final deadline for all juniors to submit
HASS Concentration proposal forms

28 First day of classes

February

2 Registration deadline. Signed
registration forms for all students due
in Registrar's Office ($30 late fee).

4 Grade reports for January period
mailed to term address

4 Degree application deadline for May
S.B. and advanced degrees due in
Registrar's Office, E19-335 ($30 late
fee; $60 late fee after April 8)

18 Minor completion date. Deadline for
submission of minor completion form
by final term seniors ($30 late fee).

18 Late fee ($90) for students who initiate
registration process after this date

18 Deadline for completing Harvard
cross-registration ($30 Late Fee for
any cross-registration petitions
approved after this date)

21

28

President's Day (Holiday)

Last day to sign up for family health
insurance or waive individual
coverage

March

4 Add date, the last day to add subjects
to registration. Undergraduates must
petition the Committee on Academic
Performance and graduate students
must petition the Committee on Grad-
uate School Policy for any additions
after this date (and include a $30
processing charge).

4 Last day for juniors and seniors to
change an elective to or from P/D/F
grading.

4 Late fee ($90) for students completing
the registration process after this date

4 Last day to submit financial aid
applications for students registered
only for spring term 1994. Applica-
tions received after this date may not
receive full consideration for MIT
grant.

4 Deadline to submit petition to transfer
credit between undergraduate and
graduate records ($30 late fee)

18 Deadline for students to turn in
Freshman Evaluation Forms

21-25 Spring vacation

28 Deadline for instructors to turn in
Freshman Evaluation Forms

April

8 Last day to submit or change
advanced degree thesis title ($60
late fee)

15 Summer Session registration material
available in Registrar's Office,
E19-335

18, 19 Patriot's Day vacation

22 Drop date, the last day to cancel
subjects from registration. Undergra-
duates must petition the Committee
on Academic Performance. Graduate
students must petition the Committee
on Graduate School Policy for any
drop after this date (and include $30
processing charge).

22 Last day to add a time-arranged
subject that started after the
beginning of term

22 Last day to petition for May advanced
standing exam (given during Final
Exam Period)

22 Due date for renewal of undergradu-
ate MIT Financial Aid Applications.
Applications received after this date
may not be processed before Bursar
charges are posted for fall 1994.

25 Freshmen return cards to Undergra-
duate Academic Affairs designating
their major

29

29

Thesis due date for doctors' degrees

Summer session pre-registration
material due in Registrar's Office,
E19-335 ($30 late fee)

May

2, 3 Fall term registration material avail-
able in Building 10 Lobby. Reference
copies of new subject descriptions
available in department headquarters,
libraries, and the Information Center.

3 Subjects with final exam - No assign-
ment or exercise of any kind may fall
due after this date

4 Subjects with no final exam - Restric-
tion that applies from this date
through the last regularly scheduled
class in the subject: either a one-hour
quiz may be given during a regularly
scheduled class period or one
assignment may fall due

6 Thesis due date for degrees other
than doctoral

6 Last regularly scheduled class day in
subjects on M/W/F schedule

9 Last regularly scheduled class day in
subjects that meet on Tu/Th
schedule. Tuesday's schedule of
classes is heldl

12-18

13

19

27

30

31

Final exam period

Last day to go off May degree list

Pre-registration deadline. Registration
material for fall term for continuing
students due in Registrar's Office,
E19-335 ($30 late fee).

Commencement Exercises

Memorial Day (Holiday)

Spring term grade reports mailed to
home address

June

6 Summer Session begins (through
August 17, including exam period)
theses due for all September degree
candidates on August 5.
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MIT Campus

A B C

West Campus

30
NW21

4;6 13

W16

W7

The numbers on this map rtter following building numbers tracks N, those east of Ames
to MIT's building numbers on the index below, refer to Street E, and those north of the
Under this numbering system, lettered sections of the campus railroad and west of Massachu-
a single room number serves as shown on the map above. setts Avenue NW.
to completely identify any loca-
tion on the campus. In a typical It is useful to know that build- MIT has made a serious effort
room number, such a- 7-121, ings on the main campus east to become a barner-free
the figure(s) preceding the hv- of the Great Dome (Building 10) campus, giving persons with
phen give the building number; have even numbers and those disabilities full access to
the first number following the west of it have odd numbers resources and opportunities.
hypen, the floor; and the last Don't expect to find Building e,
two numbers, the room Thus for instance, next to Building Charles River

Room 7-121 is in Building 7,
on the first floor. Room 7-321 Buildings west of Massachu-
is directly above it, on the setts Avenue are designated W,
third floor Letter designations, those north of the Conrail

'so

Map index

Academic Departments
Aeronautics and Astronautics 33-207 (D)
Anthropology/Archaeology 208-131A (E)
Architecture 7-303 (D)
Biology 56-511 (E)
Brain and Cognitive Sciences E25-526 (F)
Chemical Engineering 66-350 (E)
Chemistry 18-390 (E)
Civil Engineering 1-290 (D)
Earth, Atmospheric and Planetary Sciences

54-912 (E)
Economics E52-373 (F)
Electrical Engineering and Computer
Science 38-401 (D-E)
Foreign Languages and Literatures

14N-305 (E)
History E51-210 (F)
Linguistics and Philosophy 20D-210 (E)
Literature 14N-409 (E)
Materials Science and Engineering 8-309

(D-E)
Mathematics 2-236 (D)
Mechanical Engineering 3-173 (D)
Music and Theater Arts 14N-207 (E)
Nuclear Engineering 24-102 (D-E)
Ocean Engineering 5-226 (D)
Physics 6-113 (D-E)
Political Science E53-470 (F)

Program in Writing and Humanistic Studies
14E-303 (E)

Sloan School of Management E52-473 (F)
Urban Studies and Planning 7-344 (D)
Whitaker College of Health Sciences and
Technology E25 (E-F)

Admissions Office 3-108 (D)
Admissions Reception Area 10-100 (D)
Freshman Applications 3-108 (D)
Graduate, Special, and Transfer Applications

3-103 (D)

Architecture and Planning, School of 7-231 (D)

Athletic Facilities
Alumni Pool 57 (E)
Briggs Field, Steinbrenner Stadium

West of W34 (C)
du Pont Center Gymnasium W31 (D)
Johnson Athletics Center W34 (C)
Pierce Boathouse W8 (B-C)
Sailing Pavilion 51 (E)
Tennis Courts

J.B. Carr Indoor Tennis Center W53 (C)
du Pont near W53 (C)

Auditoriums, Lecture Halls, Meeting Rooms
Bartos Theater E15-070 (E)
Boynton Hall 6-120 (D-E)
Bush Room 10-105 (D)

Cheney Room, Margaret 3-310 (D)
Edgerton Hall 34-101 (F)
Emma Rogers Room 10-340 (D)
Huntington Hall 10-250 (D)
Killian Hall 14W-111 (D-E)
Kresge Auditorium W16 (C)
Lecture Hall 9-150 (D)
Lecture Hall 26-100 (E)
Marlar Lounge 37-252 (D)
Mezzanine Lounge W20-3rd floor (D)
Sala de Puerto Rico W20-2nd floor (D)
Spofford Room 1-236 (D)
Stratton Lounge, Catherine N. W20-2nd

and 3rd floor (D)

Banking W20 (D)
ATM Machines Lobby 10, W20-1st floor (D)

Bookstores
MIT Press Bookstore E38-1st floor (F)
Tech Coop Kendall Square (F)
Tech Coop (no textbooks) W20-1st floor

(D)

Campus Police W31-215 (D)

Cashier's Office 10-180 (D)

Chapel W15 (C-D)



ThisisMIT 11

D E F

East CampuspZIkz61

41 N4

W33 3 i
.3339 38

13 26 A
1 E D1

A12 - --

F 6 18 6

t5

EE39

Charles River

7 ongfe1 1 llridp

Dean for Student Affairs 7-133 (D)
Residence and Campus Activities 7-133,

W20-549 (D)
Student Assistance Services 5-106 (D)
Undergraduate Academic Support 7-104

(D)

Dining Rooms
Faculty Club E52-6th floor (F)
Lobdell (Student Center) W20-2nd floor (D)
Morss Hall (Walker Memorial) 50-1st floor

(E)
Networks (Student Center) W20-1st floor

(D)

Dormitories
Ashdown House W31 (C-D)
Baker House W7 (C)
Bexley Hall W13 (D)
Burton House W51 (B)
East Campus 62, 64 (E)
Eastgate E55 (F)
Edgerton House NW10 (C-D)
500 Memorial Drive W71 (A-B)
French House W70 (B)
German House W70 (B)
Green Hall W5 (C)
MacGregor House W61 (B)
McCormick Hall W4 (C)
New West Campus Houses W70 (B)
Random Hall NW61 (D)
Russian House W70 (B)

Senior House E2, E3 (E)
Spanish House W70 (B)
Tang Residence Hall W84 (A)
Westgate W85 (A)

Engineering, School of 1-206 (D)

Humanities and Social Sciences, School of
E51-234 (F)

Information Center 7-121 (D)

Libraries
Aeronautics and Astronautics 33-316 (D)
Architecture and Planning (Rotch) 7-238

(D)
Archives 14N-118 (E)
Clinical Medicine, Neurosciences (Schering-

Plough) E25-131 (F)
Earth, Atmospheric, and Planetary Sciences,

Meteorology and Oceanography (Lindgren)
54-200 (E)

Engineering (Barker) 10-500 (D)
Humanities 14S-200 (D-E)
Management and Social Sciences (Dewey)

E53-100 (F)
Microreproduction Laboratory 14-0551 (E)
Music 14E-109 (E)
Science 14S-100 (D-E)

Management, Sloan School of E52-474 (F)

Medical Department E23-109 (E-F)
Inpatient Unit (Infirmary) E23-4th floor (E-F)
MIT Health Plans E23-308 (E-F)
Pharmacy E23-196 (E-F)

Museums and Galleries
Compton Gallery 10-105 (D)
Hart Nautical Galleries 5-1st floor (D)
List Visual Arts Center E15-109 (E)
MIT Museum N52-2nd floor (D)
Wiesner Student Art Gallery W20-2nd floor

(D)

Post Office (U.S.) W20-001 (C)

Registrar's Office E19-335 (E-F)

Schedules Office E19-338 (E-F)

Science, School of 6-123 (D-E)

Student Center W20

Tours, Campus 7-121 (D)
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Around Campus

MIT is in Cambridge. Massachusetts, on the
north bank of the Charles River, facing the city
of Boston. The city of Cambridge, best known
as the residence of Harvard, Radcliffe College,
and MIT, is home to many students and profes-
sionals. Nearly one-fourth of its residents are
students, and over one in six of all jobs are in
these academic institutions.

Cambridge is a city of 13 neighborhoods,
ranging in population from approximately 700 to
15,000 residents. These residents live closely
together; only five cities in the United States of
population over 75,000 are more densely popu-
lated. The city's diverse ethnicity is reflected by
its white, black, Asian, Hispanic, and American
Indian residents.

On Campus. MIT's 146-acre campus extends
for more than a mile along the Cambridge side
of the broad Charles River Basin facing historic
Beacon Hill and the central sections of Boston.
Most academic activities are brought together in
a group of interconnected buildings designed to
permit maximum flexibility and easy communi-
cation among the departments and Schools.
The extensive athletic plant and playing fields
are on the campus, as are the recreational
buildings, dormitories, and dining halls. This
arrangement contributes greatly to the sense of
unity and interdepartmental involvement that
characterize the Institute.

At the eastern end of the campus are the Alfred
P Sloan Building and the Grover M. Hermann
Building, which house activities in management,
economics, international studies, and political
science. Adjacent to them is Eastgate, a
29-story apartment tower for married students.
The building at 70 Memorial Drive contains
classrooms and office space for the Sloan
School: the Program in Science, Technology,
and Society; and the School of Humanities and
Social Science. Also located on this end of the
campus are the buildings for the Whitaker
College of Health Sciences and Technology,
and the Medical Department Health Services
Center, completed in early 1982. The Whitaker
College Building houses research laboratories,
classrooms, a library and reading room, and
headquarters for the College. The Health Ser-
vices Center provides a pharmacy, infirmary,
and facilities for medical, dental, surgical, and
other specialties. Adjacent to Whitaker College
is the Wiesner Building, which houses the Media
Laboratory, the Office of the Arts, and the Albert
and Vera List Visual Arts Center, which com-
prises three exhibition galleries and the film/
video theater.

A commanding feature of East Campus is
McDermott Court, in which a great sculpture by
Alexander Calder rises in bold contrast to the
facade of the 20-story Center for Earth
Sciences, the Cecil and Ida Green Building.
Surrounding McDermott Court are student
residences, Walker Memorial (which houses a
dining hall and a snack bar, the graduate
student pub, and student activity offices),
Hayden Library, the Camille Edourd Dreyfus
Chemistry Building, and the Ralph Landau
Building, which houses the Department of
Chemical Engineering.

The Institute's main buildings, enclosing the
Killian Court, were designed by Welles Bs-
worth, Class of 1899, and were dedicated in
1916. Banked by rhododendrons and lined with
tall shade trees, the Killian Court opens to a
wide view of the Charles River, the low brick
buildings of old Boston, and the concrete and
glass towers that rise above them.

Interconnected with these central buildings are
the Center for Life Sciences (the Dorrance and
the Whitaker buildings), the Karl Taylor Compton
Laboratories (electronics and nuclear science),
the EG&G Education Center (with lecture and
laboratory facilities for the Department of Electri-
cal Engineering and Computer Science), the
Center for Materials Science and Engineering
(the Vannevar Bush Building), the Sloan Labora-
tory, the Guggenheim Laboratory, and the
Center for Advanced Engineering Study.

Across Massachusetts Avenue on West Campus
is the Student Center (the Julius Adams Stratton
Building), which contains social rooms, cafete-
rias, offices for student activities, music rooms, a
spacious reading room, and recreational and
commercial facilities. The Student Center Plaza
is bounded on the west by Kresge Auditorium
and on the east by the Chapel.

Both buildings were designed by Eero Saarinen.
The auditorium contains a large concert hall
seating 1,200, a little theater, offices, and re-
hearsal rooms. The Chapel is used regularly for
religious services by all faiths and is open
throughout the day for meditation. The Chapel's
unusual design includes an exterior moat that
reflects light in changing patterns on the interior
walls.

On campus is an outstanding collection of
contemporary environmental sculpture, includ-
ing works by Henry Moore, Louise Nevelson,
Alexander Calder, Pablo Picasso, and Tony
Smith. This collection highlights the history, art,
and architecture of the Institute.

Along Memorial Drive and facing the Charles
River are additional student residences, among
them the serpentine Baker House, which was
designed by the Finnish architect Alvar Aalto.

Westgate, an apartment complex for married
students, and the Tang Residence Hall for
graduate students are located at the far west
end of campus. Also on West Campus are the
du Pont Athletic Center and playing fields for
soccer, lacrosse, baseball, softball, touch foot-
ball, rugby, cricket, track, and tennis. The Ho-
ward W. Johnson Athletics Center includes an
indoor ice rink and field house, and Rockwell
Cage accommodates varsity and intramural
basketball, volleyball, and badminton. MIT's
Steinbrenner Stadium includes a six-lane,
400-meter, all-weather running track, the first of
its kind in North America. The stadium also
includes facilities for the steeplechase and field
events, with a game field inside the track oval
for intercollegiate football, soccer, lacrosse, and
field hockey games.

The Charles River Basin, which is two miles long
and a third of a mile wide, is a major feature of
MIT's physical environment. The Pierce Boat-
house and the Walter C. Wood Sailing Pavilion
provide means for extensive activity in crew and
in sailing.

Boston Environment. Within a two-mile radius
of the Institute are the Museums of Science and
Fine Arts, the Gardner Museum, the New En-
gland Conservatory of Music, Symphony Hall,
the New England Aquarium, and the Boston
Public Library, as well as Fenway Park and
Boston Garden -arenas for professional base-
ball, basketball, and hockey games. Students
can travel easily to the theater district where
Broadway plays are previewed and local pro-
ductions are staged.

Among the cultural organizations in the area are
the Boston Symphony Orchestra, the Boston
Pops, the Boston Ballet Company, the Opera
Company of Boston, the Boston Center for the
Arts, Boston University's Huntington Theatre
Company, the Loeb Drama Center, and the
American Repertory Theatre.

MIT is one of more than 50 schools located
within the Boston area. Others include Harvard
University, Radcliffe College, Boston University,
Northeastern University, Boston College, Bran-
deis University, Tufts University, Simmons Col-
lege, Wellesley College, and many specialized
professional art and music schools. The con-
centration of academic, cultural, and intellectual
activities in the Boston area is one of the largest
in the country.

An hour or two away from MIT by car are the
mountains of Vermont and New Hampshire, the
ocean beaches of Cape Cod, the lakes and
rivers of Maine, the small clusters of fishing
towns along the New England coast, and many
places of historical interest in Massachusetts
alone-Salem, Sturbridge, Lexington, Concord,
and Plymouth. With its varied landscapes and
four distinct seasons, New England offers
unlimited possibilities for recreation - skiing,
mountain climbing, hiking, sailing, canoeing,
kayaking, swimming, and camping.

Campus Tours. Visitors are encouraged to take
a student-guided tour of the campus. Tours
leave from the Information Center in the lobby
of the Rogers Building (Room 7-121) at 10 am
and 2 pm Monday through Friday (except
holidays). This is a walking tour and lasts about
1 hour and 15 minutes. Following the tour, the
Admissions Office has a question and answer
session for prospective undergraduate students
and their families in the Admissions Reception
Center (Room 10-100).

Access for Persons with Disabilities. Copies
of the guide Access: A Guide to Facilities for the
Handicapped are available in the Information
Center, Room 7-121.
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Infinite Corridor

The "infinite corridor," one of the main thor-
oughfares at the Institute, runs a distance of 825
feet, or 251 meters, between Building 7, the
Massachusetts Avenue entrance to MIT, and
Building 8, opening on Eastman Court. Nearly
the length of three football fields, the corridor is
9 feet wide and 16 feet high along its principal
length. Twice during the year, on November 12
at 4:19:08 pm and January 31 at 4:45:09 pm,
the axis of the infinite corridor coincides with the
plane of the ecliptic (the apparent path of the
sun through the sky). When this occurs, given (X
favorable weather conditions, a shaft of sunlight
is thrown the entire length of the infinite corridor.
The best viewing of this phenomenon occurs at
the third floor level, which has fewer obstruc-
tions and less traffic.

"Tired people motor about and you enter up
from the on-ramp. During off-peak hours you
can see the light of Lobby 7, but now it is 8:55
am and the crowd is pushing in all directions
(you were hoping that the rules of the road
would apply?) while you desperately make your
way ahead: billboards on either side beckon
with colorful calls of items for sale, places for
rent, movies to watch, presentations to see,
women's rights, gay rights, human rights, IAP
classes at Wellesley, a huge dollar bill, a map, a
war memorial, all of which are impossible to
read at such high speeds, and you can offer
each only a passing glance: besides, your mind
is not concentrating on this highway, and every-
one is merely looking for their exit, be it the
stairwell to Room 4-402, or the Financial Aid
Office, or the Bursar's Office, or the Athena
Cluster, or the lane to Building 1. But you are
doomed to travel the entire length, maneuvering
left and right, passing the Sunday walkers, and
finally getting to the end and exiting out to
Mass. Ave."

Lloyd D'Souza, Class of 1995

"Wandering down the infinite corridor, you
notice the physical features first: its dizzying
quarter mile length, the displays on the walls of
famous scientists and discoveries, the doors
and offices, and the ironic cracks in the floor
that you wouldn't expect to see at an engineer-
ing school; but the legacy of the corridor lies in
the people who walk through it, who have spent
time and sweat and tears at the terminals in the
[Athena] fishbowl, who dream of everything
from the next breakthrough in quantum physics
to how much popcorn fits in Lobby 10, and who
every day pass beneath the worshipped clock
at the entrance to pursue their lives and add
another story to the corridor's past."

Gwen Crevensten, Class of 1996
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Academic Program

1)

The purpose of the academic program at MIT is
to give students a solid command of basic
principles, a versatility of insight and perspective
concerning natural and social phenomena, the
habit of continued learning, and the power that
comes from a thorough and systematic ap-
proach to learning. From these attributes comes
the best assurance for continued professional
and personal growth, especially in today's
rapidly changing world.

The two essential parts of MIT's educational
program are teaching and research. Both of
these activities carried on together have greater
power than either performed alone. While
advancing human knowledge and understand-
ing, research makes special contributions to the
Institute's educational program. It provides
experience in both theory and experiment for
students and faculty, and ensures that class-
room teaching is up to date. At the same time,
teaching provides a setting in which the rele-
vance, accomplishments, and vitality of re-
search are clarified and assessed.

Each of the 21 academic departments offers
one or more degree programs or Courses of
study. By and large, students pursue a degree
in one of the departments. Degrees are
awarded on the basis of satisfactory completion
of requirements in each program. Descriptions
of departmental programs for graduate and
undergraduate students are given in Chapter VII
of this catalogue. More detailed information may
be obtained by consulting the individual depart-
ments. The various Schools and their major
academic components are listed below.

School of Architecture and Planning
Architecture
Urban Studies and Planning
Program in Media Arts and Sciences

School of Engineering
Aeronautics and Astronautics
Chemical Engineering
Civil and Environmental Engineering
Electrical Engineering and Computer Science
Materials Science and Engineering
Mechanical Engineering
Nuclear Engineering
Ocean Engineering

School of Humanities and Social Science
Economics
Humanities

Anthropology/Archaeology, Foreign
Languages and Literatures, History, Literature,
Music and Theater Arts, Program in Writing
and Humanistic Studies

Linguistics and Philosophy
Political Science
Program in Science, Technology, and Society

Sloan School of Management
Management

School of Science
Biology
Chemistry
Earth, Atmospheric, and Planetary Sciences
Mathematics
Physics

pXI

Whitaker College of Health Sciences and
Technology
Brain and Cognitive Sciences
Division of Toxicology

For a complete list of Courses (departments),
programs, and sections, refer to the Guide to
Departments and Course Numbers that begins
Chapter VIII.

At the Institute, the word Course (capitalized)
refers to an organized curriculum leading to a
specified degree. Students sometimes refer to
the Course in which they are enrolled as their
"major." The word course (lower case) or
subject refers to the individual class. Each
Course is designated by a Roman numeral:
individual subjects are given Arabic numerals to
correspond with the Course numbers. For
example, Course 11 and Course Il-A are curricu-
la in Mechanical Engineering: the number 2.05
indicates a subject given in Mechanical Engi-
neering. The Department of Mechanical Engi-
neering as a whole can also be referred to as
Course 2 or Course 11.

The academic programs of both undergraduate
and graduate students are based upon a core
of general Institute and departmental require-
ments. There is enough flexibility, however, to
allow each student, in collaboration with a
faculty advisor, to develop an individual program
in response to his or her own interests and
preparation. For example, a growing number of
students concentrate their studies in areas that
cross departmental lines. Among these are

b-A
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programs in fields such as planetary and space
science, communications, health sciences and
technology, visual arts, transportation, urban
studies, energy, and many others, which are
described in Chapter VI.

Undergraduate Courses at MIT lead to the
degree of Bachelor of Science (S.B.). Graduate
degrees awarded include Master of Architecture
(M.Arch.), Master of Science (S.M.), Master of
Engineering (M.Eng.), Master in City Planning
(M.C.P), Engineer, Doctor of Philosophy (Ph.D.),
and Doctor of Science (Sc.D.).

Engineer degrees include Chemical Engineer
(Chem.E.), Civil Engineer (C.E.), Electrical
Engineer (E.E.), Engineer in Aeronautics and
Astronautics (E.A.A.), Engineer in Computer
Science (E.C.S.), Environmental Engineer
(Env.E.), Materials Engineer (Mat.E.), Mechanical
Engineer (Mech.E.), Metallurgical Engineer
(Met.E.), Naval Engineer (Nav.E.), Nuclear
Engineer (Nucl.E.), and Ocean Engineer
(Ocean E.).

For most undergraduates, degree-granting
programs, including those that provide periods
of on-the-job experience off campus, require
four years of full-time study for the Bachelor of
Science.

MIT is accredited by the New England Associ-
ation of Schools and Colleges. Information
about accreditation by specific professional
organizations is listed within Chapter VII of this
catalogue.

of
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Educational Resources

A special feature of education at MIT is the
opportunity for students and faculty to partici-
pate together in research activities. The Institute
devotes substantial resources of its own to such
undertakings and receives grants from both
industry and government in support of such
work.

MIT has unusual facilities for this research, some
of which are unique among educational institu-
tions. There are more than 40 different laborato-
ries on the campus. In general, the Institute's
policy is to make these facilities available to the
students. Nearly all of MIT's laboratories are
shared by undergraduates, graduate students,
and faculty members working in close
collaboration.

Many of these research facilities are described
in this catalogue by the departments which
operate them. In addition to laboratories orga-
nized within departments, there are a large
number of interdepartmental laboratories and
centers established to facilitate work in fields
which cross the lines of traditional disciplines.
Undergraduate and graduate interdepartmental
opportunities and major interdepartmental
organizations and research facilities are de-
scribed in Chapter Vi.

Information Systems and Athena Computing
Environment

MIT's computing environment gives members
of the community access to a rich array of
technologies. These range from personal com-
puters to large, multi-user systems, including
supercomputers.

Information Systems (IS) provides compre-
hensive computing, networking, and telecom-
munications services for all of MIT IS services
and facilities support the academic, research,
and administrative use of a broad scope of
information and computing technology, and
include responsibility for the Athena Com-
puting Environment and MITnet, the campus-
wide computer network. IS operates the MIT
Computer Connection, where students, faculty,
and staff can purchase selected microcomput-
ers, workstations, software, and accessories,
with many products offered at an educational
discount. Computing Support Services provides
help lines, consulting, training, and publications.

The Athena Computing Environment offers
computing resources to all students and faculty.
Athena workstations are located in public and
departmental clusters, academic facilities,
laboratories, libraries, and living groups, on and
off campus. Through MITnet, Athena users have
access to courseware, electronic mail, word
processing and graphics programs, utilities,
programming tools, printers, and a host of other
network services.

In addition to the resources available from IS
and Athena, several departments and laborato-

ries maintain computing facilities which meet
their own specialized requirements. Many
faculty and staff have access to personal com-
puters and individual workstations. An increas-
ing number of these systems are attached to
MiTnet and other computer networks, which
provide convenient communication among
users and facilitate the sharing of computing
resources.

Libraries

The MIT libraries, with resources of more than
2.2 million volumes, are designed to support all
of the Institute's programs of study and re-
search. The library system is composed of five
major (divisional) libraries as well as a number
of smaller branch libraries. Administrative offices
are located in the Charles Hayden Memorial
Library. More than 21,000 current journals and
periodicals and extensive back files provide
comprehensive resources in all major fields.
These are enriched by numerous special collec-
tions, including microfiche, slides, recordings,
photographs, and maps. Through MIT's mem-
bership in the Boston Library Consortium,
graduate students, faculty members, and re-
search staff have access to extensive research
collections outside the Institute.

Listed below are the divisional and branch
libraries:

Aeronautics and Astronautics Library
Barker Engineering Library
Dewey Library (Management and Social

Sciences)
Humanities Library
Industrial Relations Collection
Institute Archives and Special Collections
Lindgren Library (Earth, Atmospheric and

Planetary Sciences)
Music Library
Rotch Library of Architecture and Planning
Rotch Library Visual Collections
Schering-Plough Library (Medical and

Neurosciences)
Science Library

All of the services offered by a fine research
library are available: reference and information,
interlibrary loans, bibliographic guidance, com-
plete microfilm and photocopying facilities, and
retrieval from machine-readable databases. The
libraries primarily serve Institute students, facul-
ty, staff members, and their families. Others
wishing to use the facilities may apply to the
Office of the Director of Libraries, Room
14S-216, for a library privilege card.

MIT Supercomputer Facility

The MIT Supercomputer Facility (MITSF) offers
supercomputing to the MIT community on a
CRAY X-MP EA/464. The supercomputer is not
part of any existing central computer facility at
the Institute, but is a separate, network-

accessible high speed "cycleserver." Its
success is premised upon an advanced user
group and a strong distributed computing
environment. The CRAY X-MP EA/464,
completely compatible with the de facto MIT
computing and communication standards,
appears as a standard interactive UNIX machine
on the network and is available for educational
use at no cost to the user. The MITSF offers
consulting services as well as a variety of
training courses on the use of the CRAY X-MP
EA/464. To access the supercomputer, simply
contact the Supercomputer Facility in 11-124G
or call (617) 253-8033.

MIT Press

One of the country's largest university presses,
the MIT Press publishes professional, reference,
and scholarly books, graduate and undergradu-
ate texts, and books for general audiences. Its
major fields are computer science and artificial
intelligence, cognitive science, neuroscience,
economics, architecture and design arts, lin-
guistics, philosophy, aesthetics, and environ-
mental studies. It also publishes 29 journals in
these disciplines. Books and journals published
by the MIT Press have won many awards,
including the National Book Award, and a wide
variety of citations for graphic and scholarly
excellence. Thirty percent of its sales are to
export markets. MIT Press operates its own
bookstore in Kendall Square.

Lowell Institute School

The Lowell Institute School was established at
MIT in 1903 to provide evening instruction in
technical subjects for residents of the Boston
area. Today, the school offers subjects in the
area of modern technology that are not readily
available at other evening institutions, at a level
geared to the practicing technician who has an
associate degree or equivalent experience.

The programs can broaden an individual's
current skill level or prepare a technician for
employment in a new field. There is strong
emphasis on practical considerations, com-
bined with sufficient theory to provide an ade-
quate foundation of understanding.

The Lowell Institute School also offers a com-
prehensive program in computer applications,
providing in-depth training in programming and
operating systems as well as computer-aided
drafting and introductory level instruction on
personal computers.

Subjects offered by the school do not carry MIT
credit, but certificates are awarded to those who
successfully complete the program. Further
information may be obtained by contacting Dr.
Bruce D. Wedlock, Director, Lowell Institute
School, Room E32-105, MIT, Cambridge,
Massachusetts 02139-4307.
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Administrative Organization

The Institute's board of trustees is known as the
Corporation, over which the Chairman presides.
Its members include approximately 75 distin-
guished leaders in science, engineering, indus-
try, education, and public service, and (ex
officio) the Chairman, President, Treasurer, and
Secretary of the Corporation. Between quarterly
meetings, the Corporation functions through its
officers and Executive Committee.

The Corporation appoints Visiting Committees
for each department and for certain of the other
major activities at the Institute. These
committees, whose members are leaders in
their respective professions, make
recommendations to the Corporation
concerning departmental activities and in turn
provide counsel to the departments.

The Institute's chief executive officer is the
President. Senior academic and administrative
officers of the Institute include the Provost,
Associate Provosts, deans of the Schools, vice
presidents, Dean of the Graduate School, Dean
for Undergraduate Education and Student
Affairs, and the Director of the Libraries.

The Institute's 21 academic departments, each
under the leadership of a department head, are
organized within the five Schools and the
Whitaker College. Responsibility for determining
the structure of the academic departments rests
with the administration and the Corporation, but
changes are carried out in consultation with the
faculty.

In addition to the five Schools and the College,
the Harvard-MIT Division of Health Sciences
and Technology has been established to com-
bine the academic resources of MIT with those
of Harvard University in order to address impor-
tant problems in medicine and the supporting
sciences. A number of interdisciplinary laborato-
ries and centers have been organized as well to
facilitate research in fields which cross the lines
of traditional disciplines; administration of each
laboratory and center is the responsibility of the
faculty member serving as director.

Educational policy for the Institute is determined
by the Faculty (when capitalized, Faculty refers
to those members of the faculty and administra-
tion who have voting privileges as designated
by the Rules of the Faculty). The MIT Faculty
meets monthly during the academic year and
conducts much of its business through a num-
ber of elected standing committees. The Faculty
Policy Committee (FPC), which includes student
members, maintains a broad overview of the
Institute's academic programs, deals with a
wide range of policy issues of concern to the
faculty, and coordinates the work of the Faculty
committees. The Chair of the Faculty chairs the
FPC.

Communication and exchange between and
within the faculty and the administration are
facilitated through four councils. Officers re-
sponsible for the overall administration of the
Institute plus the Chair of the Faculty meet
regulariy as the Academic Council to confer on
matters of Institute policy. Department heads
and directors of major laboratories and centers
join them to form the Faculty Council, which
normally meets once each term. The Adminis-
trative Council, comprising the heads of the
major administrative sections of the Institute,
meets regularly during the academic year. The
Creative Arts Council, chaired by the Associate
Provost for the Arts, consists of deans, depart-
ment heads, directors in the arts, and campus-
wide faculty representatives, and meets to
confer on issues concerning arts programs and
policy.

MIT has one of the world's most comprehensive
educational and research programs in engineer-
ing and the natural sciences, and the Institute's
programs in architecture and planning, manage-
ment and the humanities and social sciences
are of comparable distinction. Teaching and
research go hand in hand at MIT with many
opportunities for students and faculty to work
together on research projects-always a special
feature of education at the Institute.

The Office of Sponsored Programs has the
immediate responsibility for the business
administration aspects of research projects

sponsored by the government, industry, or
foundations in accordance with the established
policies of the Institute. The Industrial Liaison
Program (ILP) provides its member companies
with convenient access to the expertise and
resources of MIT as well as comprehensive
information on the full range of research and
educational activities at MIT. Through its various
services, the ILP has become an organized and
mutually beneficial communications link
between the faculty and staff at the Institute and
the research, management, and operational
activities of more than 300 diverse research-
oriented industrial organizations.

The Association of Alumni and Alumnae of MIT
has a comprehensive program for keeping
some 90,000 men and women, who have
studied at MIT informed of Institute affairs. For
example, the association publishes Technology
Review, a nationally circulated journal of
contemporary affairs in science, architecture,
engineering, humanities, management, and
other fields represented by MIT alumni and
alumnae. There are nearly 80 regional MIT clubs
throughout the world. The association's Fund,
through which alumni and alumnae contribute
to the financial mainstream of the Institute, ranks
annually among the country's most successful.
Association activities include conferences, class
reunions, and seminars in Cambridge and
major cities throughout the United States, as
well as program communications and
publication of directories.
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The Corporation

David S. Saxon
Honorary Chairman

Paul E. Gray
Chairman

Charles M. Vest
President

Glenn P Strehle
Vice President and Treasurer

Constantine B. Simonides
Vice President and Secretary1

Life Members

Paul M. Cook
Chairman of the Board
Raychem Corporation

Carl M. Mueller
Retired Vice Chairman
of the Board
Bankers Trust Company

Breene M. Kerr
Chairman and President
Kerr Consolidated, Inc.
Brookside Co. Investments

Louis W. Cabot
Director Emeritus
Cabot Corporation

D. Reid Weedon, Jr.
Retired Senior Vice President
Arthur D. Little, Inc.

Kenneth H. Olsen
Founder and Retired President
Digital Equipment Corporation

W. Gerald Austen
Surgeon-in-Chief
Massachusetts General Hospital
Edward D. Churchill
Professor of Surgery
Harvard Medical School

Howard W. Johnson
President Emeritus and Former
Chairman of the Corporation
Special Faculty Professor Emeritus
Massachusetts Institute of Technology

Edward 0. Vetter
President
Edward 0. Vetter & Associates, Inc.

Edward E. David, Jr.
Retired President
Exxon Research and
Engineering Company
and President
EED, Inc.

John S. Reed
Chairman
Citicorp/Citibank, N.A.

Joseph G. Gavin, Jr.
Former President and COO
Grumman Corporation

Mary Frances Wagley
Retired Educator

TA. Wilson
Chairman Emeritus
The Boeing Company

David S. Saxon
Honorary Chairman
of the Corporation
Massachusetts Institute
of Technology and
President Emeritus
University of California

Emily V. Wade
President
MITS, Inc.

Colby H. Chandler
Retired Chairman and Chief Executive Officer
Eastman Kodak Company

Charles H. Spaulding
Chairman
Spaulding Investment Co.

Shirley A. Jackson
Professor of Physics
Rutgers University
Distinguished Research
Physicist
AT&T Bell Laboratories

Frank Press
President
National Academy of Sciences

Angus N. MacDonald
President
Angus MacDonald & Company, Inc.

Herbert H. Dow, 2nd
President
The Herbert H. and Grace A. Dow Foundation

Raymond S. Stata
Chairman, CEO, and
Co-Founder
Analog Devices, Inc.

Mitchell W. Spellman
Dean Emeritus for
International Projects
Harvard Medical School

Members 2

Karen W. Arenson (1994)
Deputy Business Editor
The New York Times

Alexander V. d'Arbeloff (1994)
Chairman, President, and Co-Founder
Teradyne, Inc.

Jennifer L. Lund (1994)
Graduate Student
Department of Electrical Engineering
University of Michigan

Patrick J. McGovern (1994)
Founder, Chairman, and
Chief Executive Officer
International Data Group, Inc.

Peter M. Saint Germain (1994)
Advisory Director
Morgan Stanley & Co., Inc.

Richard P Simmons (1994)
Chairman and
Chairman of the Executive Committee
Allegheny Ludlum Corporation

Dolores Wharton (1994)
President and Founder
The Fund for Corporate Initiatives, Inc.

Samuel W. Bodman (1995)
Chairman and Chief Executive Officer
Cabot Corporation

Denis A. Bovin (1995)
Vice Chairman
Bear, Stearns & Co. Inc.

Jerome H. Grossman (1995)
Chairman and Chief Executive Officer
New England Medical Center, Inc.
Professor of Medicine
Tufts University School of Medicine

John M. Hennessy (1995)
President and Chief Executive
Officer
CS First Boston Group Inc.

George M. Keller (1995)
Retired Chairman and Chief Executive Officer
Chevron Corporation

James A. Levitan (1995)
Partner
Skadden, Arps, Slate, Meagher & Flom

Edward H. Linde (1995)
President , Trustee and Principal
Boston Properties, Inc.

Bernard Loyd (1995)
Consultant
McKinsey & Company, Inc.

Harris Weinstein (1995)
Covington & Burling

'Address correspondence to the Massachusetts Instlitute of
Technology, Cambridge. Massachusetts 02139-4307.

2Terms expire on June 30 of the year Indicated.
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William R. Brody (1996)
Radiologist-in-Chief
The Johns Hopkins Hospital
Martin Donner Professor
Department of Radiology and Radiological
Science
The Johns Hopkins University
School of Medicine

Alexander W. Dreyfoos, Jr. (1996)
Chairman
Photo Electronics Corporation

Michael M. Koerner (1996)
President
Canada Overseas Investments. Ltd.

Claudine B. Malone (1996)
President
Financial & Management Consulting, Inc.

Christian J. Matthew (1996)
Retired Founder and
Executive Vice President
St. Mary's Foundation

DuWayne J. Peterson, Jr. (1996)
President
DuWayne Peterson Associates

Morris Tanenbaum (1996)
Vice Chairman of the Board
American Telephone and
Telegraph Company, Ret.

Reginald D. Tucker (1996)
Manufacturing Development Engineer
Imaging Systems Division
Hewlett-Packard Co.

William J. Weisz (1996)
Vice Chairman and
Retired Chief Executive Officer
Motorola, Inc.

Pedro Aspe Armella (1997)
Finance Secretary
Mexico

Gerald J. Burnett (1997)
President
VICOR

Alan B. Davidson (1997)
Student
Yale Law School

George N. Hatsopoulos (1997)
Founder, Chairman of the Board, and President
Thermo Electron Corporation

Robert B. Horton (1997)
Former Chairman and Chief Executive Officer
British Petroleum

Nannerl 0. Keohane (1997)
President
Duke University

William B. Lenoir (1997)
Vice President
Booz, Allen & Hamilton Inc.

Robert M. Metcalfe (1997)
Publisher/CEO
InfoWorld Publishing, Inc.

Romano Prodi (1997)
Professor of Economics and Industrial Policy
University of Bologna

Donald J. Atwood (1998)
Former Deputy Secretary of Defense

William S. Edgerly (1998)
Chairman Emeritus
State Street Boston Corporation and
State Street Bank and Trust Company and
Chairman, Foundation for Partnerships

Lawrence A. Hough (1998)
President and Chief Executive Officer
Student Loan Marketing Association

Brian G.R. Hughes (1998)
Chief Executive Officer
American Rocket Company

David H. Koch (1998)
Director and Executive Vice President
Chemical Technology
Koch Industries, Inc.

John A. Morefield, Jr. (1998)
President
Morefield Communications, Inc.

Robert A. Muh (1998)
Investment Banker

Kenichi Ohmae (1998)
Chairman
Japan Operations,
McKinsey & Company, Inc.

Darcy D. Prather (1998)
(Title to be announced)

President of The Association of
Alumni and Alumnae

Richard A. Jacobs
President
Richard A. Jacobs, Ltd.

Representatives
of the Commonwealth
of Massachusetts

His Excellency
William F. Weld
Governor

The Honorable
Paul J. Liacos
Chief Justice of the Supreme Judicial Court

Robert V. Antonucci
Commissioner of Education

Life Members, Emeriti

Thomas D. Cabot
Director Emeritus
Cabot Corporation

Crawford H. Greenewalt
Honorary Chairman of the Board
E. 1. du Pont de Nemours & Company, Inc.

James H. Doolittle
Corporate Director

Cecil H. Green
Honorary Director
Texas Instruments Incorporated

George P Gardner
PaineWebber Inc.

Robert C. Gunness
Former Vice Chairman and President
Amoco Corporation

W. B. Murphy
Former President
Campbell Soup Company

Laurance S. Rockefeller
Honorary Chairman
Memorial Sloan-Kettering Cancer Center

Julius A. Stratton
President Emeritus
Massachusetts Institute of Technology

Luis A. Ferr6
Former Governor
The Commonwealth of Puerto Rico
Chairman, Ponce Museum of Art

Semon E. Knudsen
Retired Chairman
White Motor Corporation

lr6n6e du Pont, Jr.
Retired
E.l. du Pont de Nemours & Company, Inc.

J. Kenneth Jamieson
Former Chairman
Exxon Corporation

Joseph J. Snyder
Treasurer Emeritus
Massachusetts Institute of Technology

John C. Haas
Retired Director
Rohm and Haas Co.

George W. Thorn
Physician- in- Chief Emeritus
Peter Bent Brigham Hospital
Hersey Professor of the Theory and Practice of
Physic Emeritus
Harvard Medical School
Chairman Emeritus of the
Board of Trustees
Howard Hughes Medical Institute
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Officers of the Faculty
and Institute Professors

Ralph Landau
Listowel Incorporated

Gregory Smith
Former President and General Manager
Eastman Gelatine Corporation

Richard L. Terrell
Retired Vice Chairman
General Motors Corporation

Jerome B. Wiesner
President Emeritus and Institute Professor
Emeritus
Massachusetts Institute of Technology

Ellmore C. Patterson
Former Chairman of the Board
J. P Morgan & Co., Incorporated and Morgan
Guaranty Trust Company of New York

Frank T Cary
Retired Chairman of the Board and
Chief Executive Officer
IBM Corporation

Norman B. Leventhal
Chairman
The Beacon Companies

Harold J. Muckley
Retired Corporate Executive

Jerry McAfee
Retired Chairman and Chief Executive Officer
Gulf Oil Corporation

Office of the Chairman of the
Corporation

Paul E. Gray, Sc.D.
Chairman of the Corporation

Karen M. Tenney, A.B.
Administrative Assistant

Office of the Secretary of the
Corporation

Constantine B. Simonides, M.B.A.
Vice President and Secretary of the Corporation

Lois A. Graham, A.B.
Assistant Secretary of the
Corporation

Officers of the Faculty

Charles M. Vest, Ph.D.
President

Robert L. Jaffe, Ph.D.
Chair of the Faculty

Linn W. Hobbs, D.Phil.
Associate Chair of the Faculty

Irene Tayler, Ph.D.
Secretary of the Faculty

Institute Professors

Noam Avram Chomsky, Ph.D.
John M. Deutch, Ph.D-
Mildred S. Dresselhaus, Ph.D.
Jerome 1. Friedman, Ph.D.
Morris Halle, Ph.D.
Hermann A. Haus, Sc.D.
John D. C. Little, Ph.D.
Isadore Manual Singer, Ph.D.
Robert M. Solow, Ph.D., LL.D.
John S. Waugh, Ph.D., Sc.D.

Institute Professors, Emeriti

Manson Benedict, Ph.D.
Gordon Stanley Brown, Sc.D.,

D.Eng., Tekn.D.
Morris Cohen, Sc.D., D.Tekn.
Herman Feshbach, Ph.D.
Gyorgy Kepes, M.A.
Chia-Chiao Lin, Ph.D.
Francis Eugene Low, Ph.D.
Franco Modigliani, D.Jur.,

D.Soc.Sci., LL.D.
Philip Morrison, Ph.D.
Walle J. H. Nauta,

M.D., Ph.D.
Walter A. Rosenblith,

Ing.Rad., Sc.D., D.H.C.
Bruno Benedetto Rossi, Ph.D.
Paul Anthony Samuelson,

Ph.D., LL.D., D.Litt., Sc.D.
Francis Otto Schmitt,

Ph.D., Sc.D.
Nevin Stewart Scrimshaw, Ph.D., M.D., M.PH.
Ascher Herman Shapiro, Sc.D.
Arthur Robert von Hippel, Ph.D.
Victor Frederick Weisskopf,

Ph.D., Sc.D.
Jerome Bert Wiesner, Ph.D.

Special Faculty Professor, Emeritus

Howard Wesley Johnson,
LL.D., L.H.D., Sc.D.

1993-94 James R. Killian, Jr.,
Faculty Achievement Award
Lecturer

Phillip Allen Sharp, Ph.D.
Salvador E. Luria Professor of Biology
Head of the Department

1993-94 Harold E. Edgerton Award
(For recognition of excellence in
teaching and research)

Jesis A. del Alamo, Ph.D.
Associate Professor of Electrical Engineering
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Campus Activities

There is much more to an MIT education than
study and research in classrooms and laborato-
ries. Activities and services are available which
complement strictly academic pursuits, and
provide numerous opportunities for students to
grow and develop new interests. This chapter
describes the range of activities on campus; the
Institute's housing and dining programs; and
the advisory, counseling, and medical services
available to students.

Undergraduate Student Government

The MIT Undergraduate Association, to which all
undergraduates belong, is the major undergrad-
uate governmental body. It is assisted by a
variety of committees. The Finance Board
coordinates budgets and allocates funds to
student organizations. The Committee on Edu-
cational Policy proposes educational reforms,
while the Course Evaluation Guide lists a review
of courses offered at the Institute. It also pro-
vides student feedback to the departments and
the Institute on important educational issues.
The Nominations Committee recommends
student representatives for more than 50 admin-
istrative and faculty committees. The Social
Council produces the major social events of the
year, such as autumn and spring weekends.

The Association of Student Activities, a joint
undergraduate and graduate governing body, is
responsible for recognizing student groups and
activities, allocating student office space and
organizing the Activities Midway.

The Student Center Committee develops enter-
tainment programs, and runs a 24-hour coffee-
house and gameroom.

The Student Information Processing Board
operates free computer services for student use
and advises on computer policy at the Institute.
The Association of Student Activities coordi-
nates programs, recognizes new activities, and
allocates space.

The International Students' Association repre-
sents the interests of international students at
the Institute and sponsors a newsletter, assem-
blies, and other events.

All living groups, both fraternities and Institute
Houses, elect governing councils, responsible
for the functioning of their houses. In addition to
sponsoring social events, these house councils
handle most judicial matters within the respec-
tive houses. To deal with problems of common
concern, the fraternities have joined in the
Interfraternity Council (IFC), while the Institute
Houses have formed the Dormitory Council.
The IFC coordinates and supervises Rush Week
and works to improve relations between fraterni-
ties and Boston's Back Bay community. The
Dormitory Council coordinates common house
activities such as freshman orientation, major
social events, and handles interhouse judicial
problems.

Each class at MIT annually elects a president
and executive committee to handle various
class activities.

Graduate Student Government

All graduate students are represented by the
Graduate School Council. The council com-
prises elected representatives of all Courses,
Ashdown House, Tang Hall, Green Hall, East-
gate, Westgate, international students, and at-
large members. The council organizes and
encourages social, academic, athletic, cultural,
and other extracurricular activities; promotes
closer relations between graduate students and
faculty outside formal academic exercises; and
voices suggestions and ideas of graduate
students. e Graduate Student Council has five
committees which meet at least monthly and the
council itself meets monthly. The Graduate
School Council nominates two students to serve
on the faculty Committee on Graduate School
Policy, one student to the Faculty Policy Com-
mittee, and is represented on several other
standing committees of the Institute. As a ser-
vice to the graduate student community, the
council also produces a monthly newsletter
entitled The Graduate Student News. The loca-
tion is Building 50-222, Walker Memorial, above
the Muddy Charles Pub.

Athletics

Athletics and recreation play an important role in
the lives of many students at MIT and the
Institute encourages everyone to participate in
some type of program. Instruction is available in
a wide variety of activities, many of which are
considered lifetime sports.

Last year, approximately 900 men and women
were active in intercollegiate varsity sports while
other students, seeking more informal activities,
joined club and intramural teams. The popular
intramural program regularly attracts more than
two-thirds of the undergraduates and a signifi-
cant number of graduate students. Last year,
there were 1,180 teams with an estimated
11,779 total participants. In addition, MIT's
sailing program attracts another 1,500 students,
faculty, staff, and alumni, and extends sailing
privileges to their families.

MIT sponsors varsity sports for men in baseball,
basketball, crew (heavyweight and lightweight),
cross country, fencing, football, golf, gymnas-
tics, indoor and outdoor track, lacrosse, pistol,
rifle, sailing, skiing, soccer, squash, swimming,
tennis, volleyball, water polo, and wrestling. In
addition, there are women's varsity teams in
basketball, cross country, crew, fencing, field
hockey, gymnastics, lacrosse, outdoor track,
sailing, skiing, soccer, softball, swimming, and
volleyball. Competition includes New England
colleges and some Ivy League schools. Ice
hockey is sponsored as a club varsity sport.

There are intramural programs in badminton,
basketball, cross country, cycling, fencing,
football, frisbee, hockey, soccer, softball (slow
pitch), squash, swimming, table tennis, tennis,
track (indoor), unihoc volleyball, and water polo.

There are 30 club sports including archery,
badminton, contemporary dance, figure skating,
ultimate frisbee, judo, karate, women's lacrosse,
rugby (men and women), graduate soccer, table
tennis, white water kayaking, and canoeing.
MIT's excellent facilities include the Howard W.
Johnson Athletics Center (with an indoor track
and ice rink), the du Pont Athletic Center, Alum-
ni Swimming Pool, Wood Sailing Pavilion, and
Pierce Boathouse. The 26-acre Briggs playing
fields include the du Pont outdoor tennis courts,
nine softball diamonds (two with lights), and a
multipurpose Omniturf synthetic surface. The
J.B. Carr Tennis Center includes four indoor
courts. Rockwell Cage was renovated to accom-
modate varsity and intramural basketball, volley-
ball, and badminton. Steinbrenner Stadium
features a 400-meter all-weather track, one of
the best in the nation.

Lectures, Seminars, and Films

The Lecture Series Committee (LSC) is a stu-
dent-run organization which provides outstand-
ing and controversial speakers for the MIT
community. With MIT departments or other
campus groups, LSC also has cosponsored
events of cultural, entertainment, or educational
significance. The LSC is funded by its program
of classic and current films. Films are also
presented by campus nationality groups and
the Student Center Committee.

Religious Organizations

There are currently 30 active and long-standing
student religious organizations on campus
which are based in the Chapel and the Student
Center. Ministers representing the major faiths
devote all or a large part of their time to on
campus activities, counseling individual
students, and advising student religious
organizations.

In accordance with the Chapel's interdenomina-
tional status, the Institute has not appointed an
Institute chaplain or dean of the Chapel. MIT
considers that one of its responsibilities is to
maintain an atmosphere of religious freedom for
all and to provide opportunity for the exercise of
all spiritual interests.
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Campus Media

Student publications at MIT include The Tech, a
student newspaper published twice weekly;
Technique, the senior yearbook; How to Get
Around MIT (HowtoGAMIT); The Thistle, pub-
lished by the alternative news collective: Voo
Doo Tool and Die, a humor magazine; The
Graduate Student News, a publication of the
Graduate Student Council: and Counterpoint, a
joint MIT-Wetlesley student publication. Stu-
dents may also contribute their talents to the
Institute House newspapers and to a variety of
departmental and organizational newsletters.
Also included are WMBR, MIT's commercial-
free radio station, and MIT Student Cable Televi-
sion, which broadcasts original and syndicated
programming 24 hours per day.

Special Interest Groups

There are more than 150 cocurricular activities
and clubs at MIT (many of them open to both
faculty and students), including the Outing
Club, The Tech Sports Car Club, Debate Soci-
ety, the FM local broadcasting station (WMBR),
the MIT Society for Women Engineers, the
Student Art Association, Model UN, Circle K,
and the Association of Women Students.

Many students are actively engaged in social
service work. Groups such as the Intrafraternity
Conference and Alpha Phi Omega, the national
service fraternity, Hunger Action, Share a Vital
Earth, and Educational Studies Program spon-
sor active social service programs.

In addition, MIT also has a number of clubs
9eared towards students' backgrounds and
lifestyles. The MIT Black Student Union (BSU)
runs a variety of programs in education, culture,
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and black students' issues. Over 30 international
student groups on campus sponsor many
programs, including discussion groups and
social events. MIT has an active organization of
Gays, Lesbians, Bisexuals and Friends at MIT
(GAMIT), which organizes weekly awareness
programs and discussion groups, and sponsors
social events throughout the year. The Technol-
ogy Community Women (TCW) is composed of
spouses of MIT students, both undergraduate
and graduate, and sponsors a variety of monthly
programs as a social and service organization.

There is a variety of dance activities and clubs
available at MIT The Folk Dance Club, the Tech
Squares, the Ballroom Dancing Club, Dance
Troupe, and various foreign student groups
provide regular opportunities for dancers at all
levels of ability. The MIT Dance Workshop
presents formal programs and supervised
instruction as well as sponsoring periodic spe-
cial courses by professional dancers from the
Boston area.

Smaller interest groups include bridge, chess,
railroad clubs, strategic games, and numerous
others. Information can be obtained in the
Association of Student Activities office in the
Student Center, or by consulting the Student
Activity Directory.

Technology Community Association

Managed by undergraduates, the Technology
Community Association (TCA) conducts a
diversified program of year-round services to
the MIT community, including a book exchange,
silkscreening facilities for student use, and
blood donor drives. TCA also channels volun-
teers into urban community service projects.
Discount tickets for symphony and ballet are
offered throughout the academic year.

Talbot House

Talbot House is an old New England farmhouse
just outside Woodstock, Vermont, used by the
MIT community as a retreat.

The atmosphere at Talbot House is relaxed and
comfortable with meals provided by a caterer.
Visitors to the house include clubs, living

roups, alumni, staff, and academic groups.
ome groups have gone for recreation and a

study break; others have found Talbot House to
be an excellent setting for special projects,
seminars, workshops, or research discussions.

Any group from the MIT community, ranging in
size from 15 to 27 people, may request the use
of Talbot House, which is administered by the
Residence and Campus Activities Office.
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Arts at MIT

MIT has a long-standing commitment to the
performing arts, visual arts, architecture, litera-
ture and creative writing, and media arts. Be-
yond fulfilling the Humanities, Arts, and Social
Sciences Requirement, students have many
opportunities to participate in and study the arts.
While some choose to major or minor in sub-
jects such as music, visual arts, and theater arts,
others pursue a double major or a joint major in
science or engineering and the arts and huma-
nities. In addition, there are many programs,
activities and resources that encourage extra-
curricular involvement in the arts for undergrad-
uate and graduate students alike.

The Office of the Arts

The OffIce of the Arts is the central administra-
tive arts headquarters at MIT, established to
oversee, coordinate, support, and facilitate arts
activities under the direction of the Office of the
Associate Provost for the Arts. The Office has
three branches: Arts Communication, the Coun-
cil for the Arts, and Special Programs. For
general information on arts programs and
activities at MIT, call the office at (617)
253-4003, or stop by E15-205.

The Council for the Arts at MIT is a volunteer
advocacy group of MIT alumni and friends that
has been established to foster creative arts
activity at the Institute. Through its Grants Pro-
gram, the Council provides financial and admin-
istrative support for arts projects in all disciplines
created by MIT students, faculty, and staff. The
council also underwrites MIT's membership with
Boston's Museum of Fine Arts, which allows all
MIT students free admission to the museum
with current student identification.

Special Programs oversees a number of Office
of the Arts-sponsored events and programs,
including the Artist-in-Residence Program,
which gives students unique opportunities to
interact with nationally and internationally
acclaimed performing, visual, and literary artists
through workshops, master classes, lecture-de-
monstrations, and performances.

Arts Communication is a central source of
information on arts activities at MIT and a re-
source for students, faculty and staff interested
in publicizing and promoting their arts events
both within and outside of MIT The weekly Arts
Page in Tech Talk includes arts-related articles
and listings of auditions, performances, exhibi-
tions, and notices.

Music

MIT's music faculty include internationally
known composers and performers, and stu-
dents may choose their level of participation
from a wide variety of offerings. In addition to
individual and class study in traditional and
experimental music, students may participate in
many performance groups, including the MIT
Symphony Orchestra, Concert Band, Chamber
Music Society, Festival Jazz Ensemble, Brass
Ensemble, Concert Choir, Chamber Chorus,

and Chamber Orchestra, a capella groups, the
Logarhythms and the Chorallaries. In addition to
performances by these student groups, con-
certs are also presented regularly by the MIT
Affiliated Artist Series, the MIT Faculty Series,
the MIT Guest Artist Series, and the MIT Thurs-
day Noon Chapel Concerts Series. Other pro-
fessional musical events and Artists-in-Resid-
ence appear frequently on campus. For more
information, call (617) 253-2826.

Theater

MIT's programs in Theater Arts offer opportuni-
ties for serious study and training in acting,
directing, playwriting, stagecraft, and design.
Students may also work with guest Artists-in-
Residence or initiate Independent Student
Workshop productions. A wide variety of theatri-
cal performances are presented on the MIT

campus by both student organizations and
professional groups, including the MIT Drama-
shop, Shakespeare Ensemble, Musical Theatre
Guild, and Gilbert and Sullivan Players.

An annual Theater and Dance Open House in
early September allows students to meet the
people who produce theater and dance events,
and to learn more about opportunities to get
involved in various productions. For more
information, call (617) 253-2877.

Dance

The MIT Dance Program offers classes in Be-
ginning and Intermediate Modern Technique,
Tap, and Ballet under the tutelage of local
professionals and guest artists. Many students
also participate in MIT's popular Folk Dance
Club and Ballroom Dance Club. For more
information, call (617) 253-2877.
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Housing

Undergraduate Single
Student Housing

Visual Arts

From large-scale public art to film and photog-
raphy, the visual arts are celebrated in innovative
ways at MIT In addition to curricular study in the
visual arts and related fields, excellent opportu-
nities exist for members of the MIT community
to view and create art in a variety of mediums.

List Visual Arts Center

The List Visual Arts Center administers a variety
of programs intended to increase understanding
and appreciation of contemporary art and
design. Exhibitions, events, artist residencies,
and other special projects take place within
three galleries in the Wiesner building designed
by 1. M. Pei. The Student Loan Collection pro-
vides original contemporary graphics on loan to
students for the academic year following an
exhibition in the List Center each September.
The MIT Permanent Collection of paintings,
sculpture, drawings, prints, and photography is
sited in offices and public spaces throughout
the Institute and is particularly noted for outdoor
sculpture and contemporary works on paper.

Educational activities include tours, lectures,
interdisciplinary events, and an extensive publi-
cations program in conjunction with List Visual
Arts Center activities. For more information, call
(617) 253-4400.

MIT Museum

The MIT Museum features exhibitions and
programs which explore holography, architec-
ture, physics, mathematics, architecture, and
the interplay of art and science. The museum's
collections include architectural drawings and
scientific instruments, records and photographs
documenting the role of MIT and its faculty,
staff, and alumni in the history of the 20th centu-
ry. The MIT Museum is also home to the world's
largest collection of holograms. An extensive
array of educational programs encourages local
school children to have fun with math and
science.

In addition to its main exhibition facility at 265
Massachusetts Avenue, the MIT Museum has
three on campus galleries: the Edgerton Strobe
Alley in Building 4, the Hart Nautical Galleries in
Building 5, and the Compton Gallery in
Building 10. For more information, call (617)
253-4444.

Student Art Association

The MIT Student Art Association offers classes
and facilities for many visual arts activities in-
cluding ceramics, photography, painting, draw-
ing, and sculpting. For more information, call
(617) 253-7019.

At the undergraduate level, MIT is essentially a
residential university. Of the total undergraduate
student body of 4,500, about 2,800 single men
and women live in the 10 Institute houses on the
campus, and about 1,350 single men and
women are in other residence groups including
33 independent living groups, one sorority, the
cooperative MIT Student House, and the Wom-
en's Independent Living Group. Transfer stu-
dents are guaranteed housing in September if
they so request by the announced deadline for
fall freshman and transfer housing requests.
Limited housing is available for students return-
ing from a leave of absence or for readmitted
students.

The residential system provides an environment
conducive to personal development as well as
academic achievement. The Institute relies
greatly on the initiative and responsibility of both
individual students and student government
organizations in the residences.

Faculty families chosen for their understanding
of and interest in students live in each of the
Institute houses. They are not charged with
formal academic or operational responsibilities:
instead, they welcome informal associations
with their fellow residents. In all of the Institute
houses, Graduate Residents support the Faculty
Residents in providing personal and academic
assistance to undergraduates.

With the exception of McCormick Hall (all fe-
male), the Institute houses have coeducational
living facilities. Most of the coed houses also
have single-sex living areas. Although freshmen
are not guaranteed an assignment to a particu-
lar house or single-sex area, every effort is
made to assign students to one of their top
choices.

Student governing groups establish and admin-
ister many house regulations and maintain
acceptable standards of community behavior.
Residential student governments also organize
social, athletic and intellectual programs for
house members. In each Institute house, a tax
determined by the residents is collected by MIT
and made available to the house government to
help support such activities. Individual fraternity
chapters have similar charges to support their
extracurricular programs.

The Institute believes that it is to the great
advantage of all undergraduates who do not live
at home to reside on campus - that is, to live in
an Institute house, one of the 33 independent
living groups, the Women's Independent Living
Group, or the MIT Student House. Freshmen
particularly gain from associations with upper-
class students and participation in residence
programs. Therefore, all unmarried freshman
who cannot commute daily from their own
homes or those of close relatives in the greater
Boston area are required to live on campus.
Exceptions to this requirement may be made
with the approval of the Associate Dean for
Undergraduate Education and Student Affairs,
Residence and Campus Activities section.

Institute Houses (Undergraduate)

Everett Moore Baker House
Bexley Hall
Burton-Conner
East Campus Houses - Munroe, Hayden, Wood,
Goodale, Bemis, and Walcott
Frank S. MacGregor House
Stanley McCormick Hall
New West Campus Houses - Ballad, Lawrence,
Coolidge, Desmond, Fisk, and Thorn, which
include:
Chocolate City
French House
German House
Russian House
Spanish House
Random Hall
Senior Houses-Ware, Atkinson, Runkle, Hol-
man, Nichols, and Crafts
500 Memorial Drive

Rooms in the Institute houses are engaged for
the full academic year. For the year 1993-94 the
average rents for the houses range from $1,275
to $1,656 per term.

A student who cancels a room assignment after
the deadline of July 5 will be charged a cancel-
lation fee. A student withdrawing from MIT
during a regular term will receive a refund
based on proration of the term rental over 15
weeks of occupancy

MIT Food Service

MIT Food Services offers a choice of meal plan
options in a variety of dining locations. Any
student may choose to participate in MIT meal
plans regardless of the living group selected.
he flexibility of the meal plan is offered in order

to meet the diverse needs of MIT students by
allowing them to choose what plan, and which
facilities meet their particular needs.

The meal plan offers convenience to students,
enables them to use their time for activities other
than cooking and shopping, and provides an
opportunity for students to socialize with one
another in the dining halls.
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Dining Locations

The Institute operates over eight dining facilities
on campus, offering a variety of dining options.
There are two different food service facilities in
the Stratton Student Center on the west side of
campus. Lobdell Food Court is a "food mall"
with individual shops serving traditional, ethnic,
and specialty entrees, in addition to fresh delica-
tessen sandwiches, a salad bar, and hamburg-
ers. Networks Restaurant appeals to diners
looking for a made-to-order meal in a comfort-
able atmosphere. Networks offers pizza, broiled
to order hamburgers, chicken, and steaks, fresh
sandwiches, and appetizers. On the east side of
campus, there are three dining options in Walk-
er Memorial. Traditions at Morss Hall features
traditional and specialty entrees, pizza, a salad
bar, and delicatessen sandwiches. Pritchett
Lounge, a student run snack bar, offers a quick
bite with late night service. The Kosher Kitchen
is also located in Walker Memorial.

Two house dining rooms are located on the
west side of campus, Baker House and Next
House. House dining rooms offer vegetarian
entrees, sandwich bars, salad bars, fresh fruits,
and a variety of desserts in addition to daily
menu selections. Next House also provides a
well-stocked convenience store and a snack
bar at night. Menus are posted in each house
dining room and copies are available for all
students.

A nutrition identification program, "Treat Yourself
Right," allows students to make informed,
healthy menu selections. A registered dietician
is available to discuss special diets and how the
dining program can meet the needs of individu-
al students.

Meal cards may be used at each dining facility
and for delivery of pizza on campus.

Because the MIT Food Service is responsive to
the needs and desires of the students, the meal
plans, the meals served, and the services of-
fered are evaluated on a continuing basis. Food
Service committees, advisory panels which act
as liaisons between Food Service management
and residents, are encouraged in the
dormitories.

Meal Plans for Academic Year 1993-94

Meal Plans at MIT are voluntary, but are highly
recommended since most dorms have limited
student cooking areas. They are convenient,
flexible, and provide easy access to dining
facilities on campus, without the need to cook
for yourself or to carry cash.

Meal Plans operate on a declining balance,
similar in principle to automatic teller cards.
Each purchase a student makes is automatically
deducted from the dollar balance on their
account and can be used in all of MIT Food
Service's facilities.

Detailed information on meal plans is available
through the MIT Office of Housing and Food
Service in E32-200, or by calling (617)
253-2814 or 253-2815.

Fraternities, Sororities, and Independent
Living Groups

MIT recognizes a total of 38 fraternities, sorori-
ties, and independent living groups. Twenty-five
of these are nationally affiliated fraternities, three
are local, and five are coed (one of which is a
co-op based on financial need). The Women's
Independent Living Group is a non-dormitory
living group for women off campus. There are
four nationally affiliated women's fraternities
(sororities); one is residential and three are
unhoused. These groups are dispersed in the
Boston, Brookline, and Cambridge communi-
ties. The Interfraternity Council (IFC) represents
these groups in the MIT community.

Each fraternity, sorority and independent living
group is self-governing, manages all its
operations and maintenance, and develops its
academic, social, membership, recreational,
and external policies and programs. These living
situations provide a unique experience in
leadership, community planning, and group
interactions.

Approximately 95 percent of the fraternity,
sorority, and independent living group freshmen
are pledged or affiliated during Residence/
Orientation Week, which is held in September
just prior to registration. Normally, about 375
freshmen, as well as a few upperclass and
transfer students, accept invitations to join these
groups.

Women's Independent Living Group

The Women's Independent Living Group
(WILG) is a non-dormitory living group for
women housed in a residence a short distance
from campus. The living group offers a sense of
community and allows for independence and
self-governance similar to the fraternities. WILG
is also a member of the Interfraternity Council.

MIT Student House

The MIT Student House is an independent,
coeducational, cooperative living group for
financially needy students. It is owned by a
corporation of Student House alumni and
alumnae. The 30 undergraduate members
maintain the residence and do all the work
except for major repairs. Students cooperate in
the management of the house and the academ-
ic, recreational, and social aspects of student
life. Savings per member are at least $800
dollars a year. Student House is also a member
of the Interfraternity Council.

Off Campus Student Housing

Students who do not live on campus can find
help in locating accommodations in the Off-
Campus Housing Service. Listings of available
rentals in the greater Boston area are main-
tained. The staff attempts to help students on an
individual basis to locate the type of accommo-
dations that best suit individual preferences and
finances. All correspondence should be ad-
dressed to Off-Cam pus Housing Service,
Building E32-121, 77 Massachusetts Avenue,
Cambridge, MA, 02139-4307.

Additional Information
Additional information on undergraduate
housing and application procedures is
contained in the publication Undergraduate
Residence at MIT. Each first-year student is
automatically sent a copy of this brochure about
three months before registration day of the term
for which he or she has been admitted to MIT
Others may request copies from the Office of
Residence and Campus Activities, Room
W20-549, MIT, 77 Massachusetts Avenue,
Cambridge, MA, 02139-4307, (617) 253-6777.
Information about fraternities also may be
obtained by writing to Interfraternity Council,
Room W20-549, MIT Cambridge, MA,
02139-4307. Information on the MIT Student
House may be obtained by writing to the
President, MIT Student House, 111 Bay State
Road, Boston, MA, 02215-1798.
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Graduate Single Student
Housing

Approximately 30 percent of the single graduate
students reside on campus in Avery Allen
Ashdown House, Ping Yuan Tang Residence
Hall, Harold Edgerton House, and Ida Flans-
burgh Green Hall. Except during the summer,
students must be registered each semester in
order to reside in on campus student housing.

Ashdown House

Ashdown House, located on the corner of
Massachusetts Avenue and Memorial Drive,
directly across from the main buildings of MIT,
houses 420 single graduate men and women in
single, double, and triple rooms (dormitory
style).

A member of the faculty who is familiar with the
aims and problems of graduate students resides
with his or her family in the house, serving as
the faculty Family in Residence. A student
House Executive Committee, acting with the
advice and assistance of the Faculty Resident,
plans and operates the activities program.
Ashdown House, with facilities for social and
cultural events, is a center of graduate student
activities.

Rooms in Ashdown House are furnished and
rented for a full academic year; rents range from
$2,932 to $3,426 per person for the academic
year, depending on the type of room.

Green Hall

Green Hall accommodates 46 single graduate
women in 32 single and 7 double rooms. The
dormitory is centrally located on Memorial Drive
within five minutes walking distance of the
Athletic and Student Centers, and the main
campus buildings.

Rooms are furnished and range from $2,910 to
$3,228 per person for the academic year.
Rooms in Green Hall are rented for the full
academic year beginning September 1 and
include all utilities except private telephone.

An MIT faculty family resides in the hall and
assists student leaders in planning social and
orientation activities. Community cooking facili-
ties are available on each floor, or residents may
purchase meals on a charge plan.

Tang Hall

Tang Hall, located on the far west end of cam-
pus, houses 404 first year single graduate men
and women in two-, three-, and four-bedroom
apartments. The apartments are rented on a
12-month license to each occupant, beginning
1 September. Rents range from $315 to $372
per occupant per month and include all utilities
except telephone.

The building has undergone a four-year renova-
tion project, which includes furnishing the units.

Harold Edgerton House

The newest addition to on campus graduate
student housing is Edgerton House, which
opened in 1990. This building houses 190
single graduate men and women.

Living arrangements at Edgerton House include
efficiencies, one- to four-bedroom apartments
and duplexes. All units are unfurnished, car-
peted, and have central air conditioning and
fully-applianced kitchens. All units except the
efficiencies have a separate living/dining area.
Common facilities include a laundry room and
reception facilities plus a large, secure, exterior
courtyard for resident social use. Price ranges
from $382 to $685 per resident per month and
include all utilities except telephone.
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Student Services

Student Family Housing Advising and Counseling Office of Career Services
and Preprofessional Advising

Residence in student family housing is limited to
regular undergraduate and graduate student
families registered and attending MIT who are
residing together on a full-time basis, and to
single parents with at least one child in resi-
dence. Except during the summer, students
must be registered for each semester in order
to reside in on campus student housing. As-
signments are made on a one-year license-
agreement basis beginning on September 1 of
each tear. Apartment rents range from $611 to
$929 per month and include all utilities except
telephone.

Student family housing is managed by the MIT
Housing Office, Room E32-133.

Westgate

This five-building complex, located at the west
end of the MIT campus, provides 210 apart-
ments for student families.

Westgate consists of a 16-story tower with 90
one-room efficiency apartments and 60 one-
bedroom units, and four three-story garden-
type buildings with a total of 60 two-bedroom
apartments.

Eastgate

Located adjacent to Kendall Square at the east
end of the MIT campus, Eastgate is a 29-story
apartment tower with 197 family units for
students.

In the tower building there are 94 one-bedroom
apartments, 84 larger one-bedroom apart-
ments, and 19 two-bedroom apartments.

Planning Guide

More information on all graduate residences
may be found in A Practical Planning Guide for
New Graduate Students, which is mailed auto-
matically to all entering graduate students.

The Institute offers a variety of advising and
counseling resources. By intention, they are not
centralized in a counseling center. A student is
free to choose the resource that appears to be
most helpful. Counseling, as the word is used
here, refers to casual conversations and to
scheduled appointments: it ranges from
providing information to skilled psycho-
therapy.

The Freshman Handbook and How to Get
Around MIT list in detail the counseling re-
sources at MIT Only a short summary is given
here. Each student has a faculty advisor. The
Office of the Dean for Undergraduate Education
and Student Affairs, Student Assistance Ser-
vices, offers counseling services to all students,
whether the situation is academic or personal or
both. The office has special responsibilities for
international students, women, minorities, and
handicapped students. Faculty and graduate
residents and tutors are available in the Institute
houses, and some fraternities have graduate
residents. Frequently, a student is able to get
the help he or she wants from a fellow student
or from an instructor who is not officially a
faculty advisor. Coaches and activity advisors
can be helpful as well.

Several offices specialize in particular areas.
They include the Student Financial Aid Office,
which includes student employment: the Reli-
g ious Counselors: Career Services and Prepro-
essiona Advising; and the Registrar's Office
regarding the General Institute Requirements for
the bachelor's degree. The Campus Police are
frequently of help to students. For students
considering particular fields, there is a Premedi-
cal Advisory Council, a Prelaw Advisory Council,
and a Foreign Study Advisor.

The services provided by the Medical Depart-
ment are described in this section. The psychia-
trists, psychologists, and social workers from
the Medical Department are considered by
many students to be the Institute's most skilled
counselors. In addition, the Health Education
Service runs seminars ranging from stress
management and smoking cessation to weight
control and nutrition education, and the depart-
ment's Social Work Service provides individual
and group counseling for substance abusers.

The Office of Career Services and Preprofes-
sional Advising serves students seeking infor-
mation, advice or counseling on employment,
opportunities for further study, and careers.

The Career Services staff is happy to talk with
students on an individual basis about their
plans. The Office also arranges seminars at
which alumni and others discuss the rewards
and frustrations of their own career fields. The
office maintains a comprehensive library con-
taining information on careers, specific employ-
ers in industry and government, courses of
graduate study, fellowships, and opportunities
tor work and study abroad. In addition, informa-
tion is available on premedical and prelaw
studies, as well as other details about profes-
sional postgraduate education.

A wealth of information is available on job
opportunities for minority students. Along with
the Admissions Office, the Office of Career
Services is a cosponsor of the Pathway to the
Future Program for students from underrepre-
sented minority groups.

More than 400 companies, government
agencies, and graduate schools make recruiting
visits to the office each year. These visits are
publicized in descriptive notices that are posted
throughout the Institute. All bona fide employers
are given access to the facilities of the office on
equal terms. Their visits to the campus give
students a valuable opportunity to discuss
employment prospects with different
organizations.

Students who are unclear about their career
plans are also encouraged to come in. The
counseling component of the office can assist in
addressing the doubts, worries, and questioning
that are often a natural part of career planning.

The office, through its alumni placement sec-
tion, is in continual correspondence with em-
ployers seeking experienced personnel. Notices
of vacancies are received from all parts of the
nation and abroad. The office also assists alum-
ni interested in a change of job or of career.

These services and others are described in the
MIT Careers Handbook, which is published
twice a year. Students are welcome to come by
and pick up a copy.

Any individual with career interests, questions,
or concerns should call (617) 253-4733 or stop
by Room 12-170.



Campus Life 29

Child Care and Parenting
Resources at MIT

The MIT Family Resource Center offers informa-
tion on a wide range of child care and parenting
issues. The office maintains listings and pro-
vides guidance on child care programs, ser-
vices, schools, activity programs, and other
local resources for parents and children. The
office also houses materials and provides infor-
mation on discipline, child development, bal-
ancing work and family, coping with divorce,
and many other parenting issues. Individual
consultations on child care and parenting issues
are available by appointment. The Child Care
Office also offers a number of parenting work-
shops and support groups, and maintains a
lending library. The office is located in Room
4 -144, (617) 253-1592.

The Family Resource Center coordinates a
network of MIT-affiliated family day care homes.
Family day care is in the home of a provider,
licensed by the State Office for Children. The
care is generally provided by spouses of gradu-
ate students living in family housing in Eastgate
and Westgate and off campus, at hourly rates

currently ranging from $4 to $5. Arrangements
are made by the families involved, but informa-
tion and materials can be obtained from the
office.

Technology Children's Center, Inc. (TCC), a
private, nonprofit corporation, operates the
following programs on campus for children who
are at least two years.

At Westgate, there is a year-round program
from 8:30 am to 12:30 pm. Extended day hours
are from 12:30 pm to 3:30 pm. Children may be
enrolled for two, three, or five days per week.
The monthly fee for five mornings is $357 (for
afternoons, add $237). For three mornings, the
fee is $232 (for afternoons, add $155); and for
two mornings, the fee is $159 (for afternoons
add $108). Children must be at least two years
and nine months. All fees listed are for the
1993-94 school year.

The Half-Day Program at East gate offers a
year-round morning program from 8:00 am to

12:30 pm. Children may be enrolled for two,
three, or five mornings a week. Fees per month
are $387 for five mornings, $258 for three
mornings, and $172 for two mornings.

The Day Care Program at Eastgate offers full-
time, year-round care from 8:00 am to 5:30 pm,
Monday through Friday. Children may enroll for
two, three, four, or five days a week. Monthly
fees are $755 for five days: $645 for four days:
$538 for three days; and $387 for two days.

Starting in September 1993, TCC Eastgate will
open a new classroom for children who range in
age from two years to two years, nine months.
Children can enroll for either full-time (8:00 am
to 5:30 pm) two, three, four, or five days per
week, or part-time (8:00 am to 12:30 pm) two,
three, four, or five days per week. Applications
for this program will be accepted when a child
is 12 months old.

The MIT Day Camp is operated by the Athletic
Department weekdays 9:00 am to 4:00 pm from
late June through mid-August for children ages
6 to 14. A sitting service is available until 5:00
pm. The eight-week program is divided into
two-week sessions, so that a child may be
enrolled for a few weeks or for the entire
summer.

Enrollment in TCC and Day Camp programs is
limited. Call Olga Slocum, Director, TCC, at
(617) 253-5907 or the Day Camp Office at (617)
253-2913 for additional information.
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Medical Services

The MIT Student Health Program consists of
medical services available on campus and a
mandatory hospital insurance plan in which all
regular students and special students (regis-
tered with 27 or more units) are automatically
enrolled. Students may submit a written request
to waive the mandatory insurance if they have
comparable coverage elsewhere which meets
the Massachusetts state minimum requirements
for student health insurance as stated on the
reverse side of the Waiver Request Form.

Medical Services on Campus

The MIT Medical Department is a multispecialty
group practice that employs 23 full-time and 50
part-time physicians as well as other profession-
al support personnel. The department's medical
staff provides care in internal medicine, surgery,
pediatrics, gynecology, obstetrics, orthopedics,
opthalmology, optometry, (including contact
lens service), urology, allergy, neurology, nutri-
tion, endocrinology, hematology, oncology,
dermatology, otolaryngology, gastroenterology,
pathology, podiatry, pulmonology, radiology,
psychiatry, and social work. The department
provides a pharmacy as well as laboratory,
X-ray, and other diagnostic testing facilities. A
health education service and patient advocate
are also available. A major goal of the depart-
ment is to provide high quality, accessible
medical care. Students will be assigned a
personal physician.

A dental service provides dental treatment to
students and their spouses on a fee-for-serice
basis. A pediatric service provides care for
students' children. Except for emergencies,
visits are by appointment.

An 18-bed Inpatient Service provides care for
students and spouses with acute illness or
contagious diseases. This service is for patients
who cannot be cared for in their living groups
but who do not need to be admitted to a gener-
al hospital. Children are not admitted to the
Inpatient Service but are referred to a nearby
pediatric hospital. Patients requiring major
surgery or treatment for serious illness are sent
to one of the Boston area hospitals where their
care is usually supervised by one of the Medical
Department physicians.

Visits to the Medical Department are by appoint-
ment, except in emergencies. The regular hours
of the department are from 8:30 am to 5:00 pm,
Monday through Friday, except for holidays. At
other times, urgent medical care is available
through the After-Hours Service on the first floor
of the Health Services Center. Students should
call (617) 253-1311 (Voice/TDD) day or night for
medical advice. If a student is too ill to come to
the Health Services Center without assistance,
the Medical Department should be notified and
will recommend suitable help.

All regular and special students are entitled to
most health care services at the Health Services
Center (Building E23) at no charge. Student
spouses and children of students may use the

Medical Department on a fee for service basis,
or by paying a Spouse/Child Health Service

Fee. To enroll, a student must complete the
Health Service Fee Section on the Student
Insurance Enrollment Form. Spouses and
children of students who want to pay the Health
Service Fee must also provide evidence that
they are enrolled in a hospital insurance plan.

Services and medical supplies for which there
are extra charges include pre-entry medical
forms and immunizations, obstetrical care,
prescription drugs, well-child care, routine eye
examinations, eyeglasses, contact lens service,
dental care, braces, hearing aid evaluations,
elective podiatry services, orthotics, appliances,
contraceptive devices, ear piercing, missed
appointments, and those surgical procedures
and outside diagnostic tests which should be
covered by your hospital insurance. Off campus
medical services, such as office visits and
hospital emergency room visits are not covered,
even if a student is referred by an MIT physi-
cian. Coverage for these visits will be deter-
mined by the student's hospital insurance plan.

Prior to matriculation, every student, undergrad-
uate or graduate, is required to submit an MIT
entrance medical report. The report, which is
completed by the student and his or her physi-
cian, is returned to the Chief of the Student
Health Program. This form consists of historical
information, immunization record, physical
examination, and specified laboratory studies.
Freedom from active tuberculosis as evidenced
by an intradermal skin test or chest X-ray is
mandated by public health requirements and
cannot be waived. By state law or Medical
Department requirements, students must be
immune to measles, rubella (German Measles),
mumps, polio, tetanus, and diphtheria before
arriving at MIT

Registration will not be permitted, and an $80
fine will be imposed on any entering student
who has not complied with the Medical Report
and/or immunization requirements stated above.
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MIT Student Blue Cross and Blue Shield
Hospital Insurance

The cost of off campus hospitalization and
medical care is extremely high -in Boston area
hospitals, it can exceed $1,000 per day. For this
reason, it is extremely important that students
have adequate health insurance for themselves
and their families. All regular students, and
special students registered with 27 or more
units, will be automatically enrolled in and billed
for individual membership in the mandatory
MIT Student Blue Cross and Blue Shield plan.
Students who want family coverage must
submit a new enrollment form each academic
year. Students who already have comparable
hospital insurance which meets Massachusetts
mandated minimums (stated on reverse side of
Waiver Form) may submit a Waiver Request
Form, enclosed in the July Medical Department
mailing and also available in E23-308. New
waiver request forms must be filled out each
academic year. A student withdrawing during a
term may cancel the MIT insurance and receive
a credit, as of the end of the month when f
cancelled, by filing a request at the Student
Insurance Office.

The deadline for submitting family enrollment
forms and waiver request forms is September
30, 1993 for fall term and February 28, 1994 for
spring term.

Special students taking two or more subjects,
but registered with less than 27 units, are eligi-
ble to purchase the MIT Student Blue Cross and
Blue Shield, but are not enrolled automatically.

Annual Rates
(Sept. 1, 1993 to Aug. 31, 1994):

Type of Hospital Insurance Coverage

Student $600
Student and Spouse $2,244
Student, Spouse and Child(ren) $2,808 4k
Student and Child(ren) $1,164

MIT Medical Department Health
Service Fee

Spouse $510
One Child $312
Two or More Children $624
Spouse and One Child $822
Spouse and Children $1,134

Student spouses and children of students may
pay the health service fee listed, or pay a fee for
service at each visit.
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Academic Programs

The undergraduate programs at MIT are de-
signed to help students develop the under-
standing, maturity, and capabilities needed to
meet challenges of modern society. An MIT
education has its roots in a wide variety of
disciplines, with a view to joining the power of
these disciplines to a concern for values and
social goals. In addition to taking advantage of
the opportunities for broad, liberal learning at
MIT, undergraduates are encouraged to develop
a basic knowledge and a continuing interest in a
given field, and to become creative intellectual
explorers who know how to keep learning on
their own.

One of the most exciting features of undergrad-
uate education at MIT is the opportunity for
students to join with faculty in ongoing research
projects. For example, experiences in the Un-
dergraduate Research Opportunities Program
(UROP) encourage intellectual commitment and
self-direction, and often provide a focus for
students' undergraduate studies. During the
Independent Activities Period in January, stu-
dents can spend time in workshops, indepen-
dent research projects, intensive subjects and
seminars, field trips, lecture and field series, and
other activities that do not easily fit into the
traditional academic calendar.

MIT students base their studies on a core of
subjects in science, mathematics, and the
humanities, arts, and social sciences (the Gen-
eral Institute Requirements), and major in the
physical or biological sciences, in management
science, in architecture or urban studies and
planning, in an area of the humanities, arts, and
social sciences, or in one of the engineering
fields. It is also possible to study and, within an
existing curriculum, major in one of a growing
number of interdepartmental fields, such as
biomedical engineering, communications
science, or energy studies. In the first year,
many students take a program of subjects from
a variety of options in mathematics, physics,
chemistry, biology, and humanities, arts, and
social sciences. During the second year, stu-
dents generally continue their studies with
subjects meeting the various Institute require-
ments and beginning subjects in the depart-
mental programs. In the third and fourth years,
students concentrate on the departmental
program that they selected as their major
course of study.

In addition to the departmental or major pro-
gram, there is time for students to take elective
subjects each year. These elective opportunities
allow students to follow social interests or to
enrich their educational background. A student
may also use elective time to prepare for ad-
vanced study in a professional field such as
medicine or law; for graduate study in an area in
which MIT gives no undergraduate degree: or
for advanced study in an interdepartmental field.
Students may also put together minors in many
of the fields in which MIT offers undergraduate
degrees. The minor will be designated along
with the major field on the S.B. diploma.

In general, at the Institute, the word Course
(capitalized) refers to an organized curriculum
leading to a specific degree. The word course
(lower case) or subject, refers to the individual
class. Each Course is designated by a Roman
numeral; individual subjects are given Arabic
numerals to correspond with the Course num-
bers. For example, Course I and Course l-B
are curricula in Mechanical Engineering; the
number 2.05 indicates a subject given in Me-
chanical Engineering. The Department of Me-
chanical Engineering as a whole can be referred
to as Course 2 or Course 11. The various under-
graduate Courses are described in Chapter VII.

To complete work for a bachelor's degree in any
Course, each student must fulfill the General
Institute Requirements and must complete the
departmental program specified by that Course.
Details on General Institute Requirements and
on selecting a major course of study are dis-
cussed later in this chapter.
The program for the S.B. takes four years of
full-time study for most students. For the fresh-
man classes entering between 1983 and 1986,
the percentage of students who received an MIT
S.B. degree within six years of entrance (in
other words, the graduation rate) is 89 to 91
percent. The later classes have the higher
graduation rates.

IwZ
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Freshman Year

During the first year at MIT, students lay the
foundation for their college education. A typical
program includes subjects in mathematics and
the natural sciences, as well as in the humani-
ties, arts, and social sciences. First-year stu-
dents may accommodate their individual prepa-
ration and learning styles by choosing among a
variety of ways to complete the core subjects
and prepare for further undergraduate study.
Students select specified subjects from a range
of offerings. They may also enroll in one of the
distinctive freshman programs: the Concourse
Program, Integrated Studies Program, and
Experimental Study Group.

in order to begin to fulfill the General Institute
Requirements (described later in this chapter),
freshmen may choose one of several se-
quences in mathematics; one of two subjects in
chemistry; one of several subjects in biology;
one of several sequences in physics; and a
wide range of subjects in the humanities, arts,
and social sciences (HASS subjects), including
but not limited to designated HASS-Distribution
Requirement subjects. Students have five
options for satisfying the first phase of the
Writing Requirement.

All freshmen must complete requirements. A
normal program for the first year includes
completion of five of the six science core sub-
jects in mathematics, physics, biology, and
chemistry, and two of the eight HASS subjects.
Students may round out their programs with
electives, usually including Freshman Advisor
Seminars (led by the students' advisors) or
other undergraduate seminars. All subjects
taken by freshmen are graded on a pass or no
record basis. Some freshmen also elect to
become involved in the Undergraduate Re-
search Opportunities Program, described later
in this chapter. Entering students with degree
credit for one or more of the requirements may
substitute more advanced subjects or may take
electives or Restricted Electives in Science and
Technology (REST) Requirement subjects.
Procedures for obtaining degree credit at en-
trance are described in the section Admissions.

The Concourse Program, the Integrated Studies
Program, and the Experimental Study Group,
which offer alternatives to the more traditional
lecture or recitation format, have their own
faculty, meeting places, and methods of opera-
tion. In these programs, students make prog-
ress comparable to that of other freshmen, but
the manner in which individual Institute require-
ments are met varies both between the pro-
grams and among students within each pro-
gram. In all three programs there is an
especially high level of student-faculty
interaction.

Concourse Program

A student who chooses the Concourse Program
becomes a member of a group of about 60
freshmen working with a team of faculty mem-
bers in a year-long program of study, which in
structure and atmosphere resembles a small
school rather than a large institution. Operating
as a program for freshmen since 1971, Con-
course is a regular part of the MIT curriculum. A
main goal of the program is to explore both the
unity and the conflict of technical, scientific, and
humanistic viewpoints and ideas. The objective,
possible only because of the unique combina-
tion of assets offered by MIT is not only to
achieve competence in the separate disciplines
but also to examine the mutual relevance of
freshmen calculus, physics, chemistry, and
humanities. The approach is that of a scholarly
community, with intense participation and
support by faculty, staff, student assistants, and
freshmen.

Concourse faculty members, representing
different professional disciplines, collaborate
closely in the planning and teaching of the
curriculum, which covers most of the first-year
requirements and branches out into related
topics. Regularly scheduled class sessions are
supplemented by various kinds of informal
activities. A student may carry at least one
subject per term outside the Concourse Pro-
gram. The subject matter of the program is
arranged so that the student receives credit for
most of the first-year General Institute Require-
ments upon successful completion of the
program. The structure of Concourse promotes
close and sustained contact between students
and faculty, and provides a coherent, balanced
approach to the diversity of disciplines and
research activities at the Institute.

The rogram supervisor for 1993-94 is Profes-
sor obert M. Rose. A detailed description of
the Program may be found in the Class of 1997
Handbook or may be obtained b writing to
Concourse, Room 20C-224, MI Cambridge,
MA 02139-4307.

Integrated Studies Program

The Integrated Studies Program (ISP) is a small
academic community of students and faculty
who share an interest in exploring new ap-
proaches to teaching and learning. The pro-
gram is characterized by its focus on technolo-
gy and its role in society, and emphasizes
learning by doing, self-discovery, and hands-
on experience.

All ISP students enroll in two humanities areas
unique to the program. In the fall term, students
may receive HASS Distribution (HASS-D)
Requirement credit in Cultural and Social Stu-
dies, while in the spring, credit is offered in
Historical Studies. Specific technologies ranging
from food production, weaving, and blacksmith-
ing to the design of clocks, internal combustion
engines, and communications are examined in
their cultural and historical perspectives. Issues
are investigated from a variety of viewpoints,
and connections made between material cov-
ered in the humanities, science, and engineer-
ing subjects. The ISP humanities programs
consist of seminars team-taught by humanities
and science faculty, along with a technical
instructor and occasional guests from the
engineering faculty. Students gain hands-on
experience of the technologies studied in week-
ly workshops.

Students in ISP meet Institute requirements in
math, physics, and chemistry by attending the
main departmental lectures and taking examina-
tions with other first-year students. The program
provides its own small recitation or discussion
sessions attached to these subjects taught by
members of the ISP staff. In keeping with the
emphasis on hands-on learning, ISP students
are encouraged to enroll in special versions of
Physics I and 11 that include weekly take-home
experiments as part of the instructional method.

Students joining ISP may choose to be advised
through one of five six-unit freshman advising
seminars. The seminars focus on a variety of
subjects but all emphasize some form of
hands-on activity.

Although most ISP students enroll for both fall
and spring semesters, it is possible to take
either semester independently if space is avail-
able. ISP also accommodates students placed
into advanced level math or science courses.
Introductory Biology may be taken by ISP
students in the regular program.

Guest speakers, field trips, and a variety of other
activities supplement classwork, and weekly
luncheons provide an opportunity to meet and
learn about the work of members of the MIT
community and others. A network of alumni
tutors is available for those wishing extra help.
ISP offers students a variety of facilities, includ-
ing classroom and study space, lounge facili-
ties, and access to personal computers.

Enrollment is limited to 40 freshmen. For
1993-94, the program's codirectors are
Professor Arthur Steinberg and Professor Larry
Bucciarelli. For more information, contact Debra
Aczel, Room 20C-108, MIT Cambridge, MA
02139-4307, (617) 253-4074.
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Experimental Study Group

The Experimental Study Group (ESG) is a small
academic community at MIT that offers an
individualized program in the core subjects for
freshmen and sophomores. Students enrolling
in ESG can study a variety of subjects in mathe-
matics, physics, chemistry, biology, humanities,
social science, and computer science through a
combination of tutorials, seminars, small recita-
tion sections, study groups, and independent
study projects. In contrast to the set structure of
the regular curriculum, ESG's flexibility allows
students to go at their own pace whenever
possible an to or anize their schedules to suit
their needs.

ESG's small classes allow students to interact
more often with faculty and fellow students than
is typical in larger classes of the regular curricu-
lum and to experiment with novel ways of
learning the material. Depending on the nature
of the subject, students may also choose their
topics of concentration to suit their academic
interests. Although ESG can be a full-time
activity for freshmen, students usually take one
or two subjects in the regular curriculum that
are not offered in ESG.

In addition to offering a comprehensive aca-
demic program for freshmen and sophomores,
ESG also provides a place where students and
staff can study and socialize together. Each
year, about 45 freshmen, 15 sophomores, 10
staff members, and 20 upperclass tutors (who
have been in ESG as freshmen) participate.
Staff members are drawn from MIT's Depart-
ments of Mathematics, Chemistry, Physics,
Biolog , from the School of En ineering, and
the Sc ool of Humanities and ocial Science.
Seminars, study groups, and tutorials, as well as
activities such as weekly luncheons and week-
end trips, facilitate interaction among communi-
ty members.

The faculty director for 1993-94 is Professor
Vernon Ingram, Room 24-612, (617) 253-7786.
More information may be found in the Class of
1997 Handbook, or by writing to ESG, Room
24-612, MIT, Cambridge, MA 02139-4307.

Program XL: You Can Be A Success at MIT

For first-year students, MIT offers an academic
enrichment program which uses the concept of
small-group learning. Program XL enhances
students' academic performance in calculus
and physics as well as their understanding of
MIT's academic expectations. Groups are
formed in other subjects upon request by five or
more students. Each group meets for three
hours per week. The small group format em-
phasizes the full participation of each member,
with a trained facilitator acting as a guide. Pro-
gram XL is open to all first-year students,
regardless of ethnicity.

For more information, interested students may
contact the Office of Minority Education, MIT,
Room 7-145, 77 Massachusetts Avenue, Cam-
bridge, MA 02139-4307, (617) 253-5010.

Class of 1997 Handbook

The preceding overview conveys the nature and
scope of the academic options for first-year
students. Incoming freshmen receive their class
handbook, a compendium of detailed informa-
tion on academics, athletics, the advisory
system, support services, and an outline of
Residence/Orientation Week. The June hand-
book packet includes a preliminary subject
selection form and reply cards for freshman
advisor seminars, alternative freshman pro-
grams, music auditions, and other programs
available to freshmen. Freshmen also receive a
copy of Undergraduate Residence Life, which
describes housing options, and Freshman
Advising and Freshman Advisor Seminars, which
describes the freshman advisor seminars and
residence-based freshman advising.

Freshman Grading

Freshmen receive grades of P D, or F in all
subjects they take, where P means C or better
perormance: subjects with performance at D or
F level do not receive credit and do not appear
on the permanent record. Pass or no record
grading for freshmen is designed to meet a
variety of objectives; among them are reduced
stress in the first year (anxiety about time, class
rank, the failure to do "A" work) and the devel-
opment of more mature attitudes about learning
and about managing one's time. Three times
during the first year, freshmen, and in turn their
instructors, are asked to complete written evalu-
ations of their work in each subject. This pro-
cess usually provides students with more com-
prehensive and useful evaluations than grades A
through F alone.

Credit Limit for Freshmen

A freshman may not register or receive credit for
subjects totaling more than 54 units in the fall
term and 57 units in the spring term. The Com-
mittee on Academic Performance (CAP) rarely
allows requests to exceed the credit limit. Credit
earned for passing an Advanced Standing
Examination will be counted toward this credit
limit unless the exam is taken either in the
September or February examination period.
ROTC subjects (listed in Chapter Vill) are ex-
cluded from this credit limit.

Selection of Major Course
of Study and Related Academic
Options

Many entering students plan a specific field of
study, while others have not yet decided on a
field of concentration. A substantial percentage
of those who enter with a decided preference
later find other areas more to their liking; there-
fore, students should be prepared to examine
with an open mind the wide range of Courses
(majors) available at the Institute. Students are
encouraged to attend departmental orientation
programs to talk with faculty and others who
have experience in fields of potential interest.
They should select electives that will help them
think about possible majors. The Independent
Activities Period in January, described later in
this chapter, provides students with opportuni-
ties to investigate different fields. For many, this
consideration of fields will reinforce existing
convictions, while for others it will open up new
avenues of interest. MIT may, however, limit
enrollment in particular fields of study to bal-
ance resources with student interest.

Each student entering MIT is assigned an
advisor who assists the student in designing an
effective program of study. The selection of
elective subjects is an important consideration,
one that students should discuss in depth with
their advisor.

All undergraduate degree programs combine
the study of basic principles with practical
applications. This combination helps to motivate
the lifelong learning necessary for professional
competence.

Students usually choose a Course (major) at the
end of the first year, though they need not do so
until the end of their second year. Even though
a student may have doubts about which of two
Courses to choose, he or she often finds it wise
to enroll in one of them to get the true flavor of
being an undergraduate in that department.
There is sufficient overlap and flexibility so that a
change in Course can be made with relative
ease in the second year.

All undergraduate and graduate academic
programs, as well as faculty listings, for each of
the Institute's departments are described fully in
Chapter VII Departmental Degree Programs and
Requirements.

Detailed information on undergraduate registra-
tion may be found in Chapter V Academic
Procedures and Institute Regulations.
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Advanced Standing Examinations

Undergraduates may earn credit for a subject
they have not taken at MIT by passing an Ad-
vanced Standing Examination. They may take
advanced standing exams only for subjects they
have not registered for or attended. A freshman
who takes such an exam receives the grade P
for passing (C or better) performance, but no
record is kept of non-passing D or F perform-
ance. For all other students, a grade ranging
from A to F is recorded on the transcript. Any
passing grade entitles a student to full credit for
the subject. For freshmen, such credit counts
toward the 54-unit or 57-unit credit limit unless
the exam is taken either in the September or
February examination period (see the section
Credit Limit for Freshmen).

Electives

Electives can be used for several different
purposes. For example, many students who are
undecided about their eventual programs of
study will use some part of their elective time to
get more information about the various depart-
ments or fields they are considering. Other
students who are more certain of their profes-
sional goals will use elective time to explore
areas of secondary interest. Still others will
choose to begin work on departmental or
General Institute Requirements, defernng sub-
jects of a more supplemental nature until a later
year. The study of a language also may be
started or continued. Freshmen should select
electives that best suit their individual needs.

There are several hundred subjects without
prerequisites which students usually elect
during the freshman year. However, any subject
offered by the Institute is open to all students,
including freshmen, provided they satisfy the
prerequisites.

Undergraduate Seminar Program and
Freshman Advisor Seminars

The Undergraduate Seminar Program offers
students an opportunity to interact closely with
faculty members on topics of current interest.
Most freshmen enroll in Freshman Advisor
Seminars in which the leaders are also the
freshman advisors for the seminar participants.
Seminars vary tremendously both in style and
topic. Some are oriented around small group
discussion: others have speakers, go on field
trips, or engage in hands-on research. Many
topics are interdisciplinary in nature. Most
seminars carry six units of credit, and the class
size is generally restricted to a small group. All
are graded P D, or F (with no record of D or F
performance by freshmen).
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For more details about the program, including
titles and descriptions of seminars, refer to the
Undergraduate Seminars Program booklet,
issued quarterly, and the Freshman Advising and
Freshman Advisor Seminars issue of the MIT
Bulletin, mailed in the summer to entering
first-year students. These publications are
available from Undergraduate Academic Affairs,
Room 7-104, MIT Cambridge, MA 02139-4307,
(617) 253-6771.

Junior-Senior P/D/F Option

A student may opt to take a total of two subjects
to be graded P 0, or F during his or her junior
and senior years, where P indicates C or better
performance. This option is intended to provide
students with an opportunity to broaden their
education by taking subjects that may not be in
their area of expertise without concern for the
effect on their academic record. Although this
option should be designated when the student
initially registers for the subject, the deadline for
this decision is add date (see Academic
Calendar in Chapter 1). Such subjects may not
be used to fulfill General Institute, Departmental,
Minor, or Writing Requirements. Students
receive credit for P-level and D-level
performance.

Program for Two Bachelor's Degrees

A student may work for two separate bachelor's
degrees to be received separately or concur-
rently. He or she must submit to the Registrar
(at least two full terms before the student would
normally receive the second of the two S.B.
degrees) a petition that indicates the desire to
work for two degrees. The petition must have
been approved by Faculty Advisors in each of
the two departments concerned. The require-
ments of each department must be satisfied and
the combined program must contain at least 90
units in addition to the requirements for one of
the degrees. Both faculty advisors should take
responsibility for examining the entire program
in the same way as they would for a candidate
for a single S.B. degree. Students should con-
sult the Student Financial Aid Office regarding
any impact this arrangement might have on
eligibility for MIT or federal financial aid.

Information about the simultaneous award of
two master's degrees and the simultaneous
award of a bachelor's and a master's degree
may be found in Chapter IV of this catalogue.
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Minor Programs

A number of fields in science, engineering,
architecture, and the humanities, arts, and social
sciences offer Minor Programs. The minors are
coherent programs providing significant experi-
ence in their disciplines. Students who success-
fully complete Minor Programs will have their
fields of study specified on their Bachelor of
Science degrees, thus giving public recognition
of focused work in other disciplines. The gener-
al guidelines for a Minor Program are as follows.

* Minor Programs consist of five to seven
subjects, though generally six. These subjects
may count toward General Institute Require-
ments and Departmental Program requirements.

* Subjects taken under the junior-senior
P/D/F grading option cannot be used for a
Minor Program.

* At the discretion of the Minor Advisor, trans-
fer credit may be used to fulfill a portion of the
Minor Program. MIT subjects, including those
taken through cross-registration, must comprise
at least half of the Minor Program.

* A student may not take a minor in the area of
his or her major, except that students doing
Course IV degrees in Architectural Design or
Building Technology may minor in the Course IV
HASS field of History of Art and Architecture.
Minors are not allowed in either field of compos-
ite degrees combining two different fields, for
example, the S.B. in Mathematics with Comput-
er Science, S.B. in Humanities and Science, or
the S.B. in Humanities and Engineering.

* A student may not earn more than a total of
two minors. Minors can be awarded only when
the student receives the S.B. degree, and must
be associated with a specific degree.

* The student should designate the Minor
Program by the end of the sophomore year, but
no later than Add Date, one full term preceding
the one in which the S.B. degree is awarded.
The student must complete an application form
for a minor in consultation with the appropriate
Minor Advisor.

Note that the application and completion forms
for HASS Minors are different from those used
in other fields.

Minor In a Science, Engineering, or
Architecture Field

Minors are currently available in the following
science, engineering, and architecture fields:

Architecture
Cognitive Science
Biology
Chemistry
Earth, Atmospheric,
and Planetary Sciences
Mathematics
Physics

Civil Engineering
Environmental
Engineering
Science
Materials Science
and Engineering
Mechanical
Engineering

Ocean Engineering

Detailed information on each Minor Program
appears in Chapter VII of this catalogue. For
additional information, instructions, and applica-
tions, students should contact the Undergradu-
ate Office in their field of interest, or Undergrad-
uate Academic Affairs in Room 7-104.

Minor In Humanities, Arts, or Social Sciences

Students electing a Humanities, Arts, and Social
Sciences (HASS) Minor Program will study a
field in greater depth than the HASS concentra-
tion component of the General Institute Require-
ments allows and will encounter the structure of
an intellectual discipline to a greater degree.

Most HASS Minor Programs are arranged into at
least three levels, or tiers, expressing different
degrees of sophistication in the articulation and
resolution of intellectual problems. There is an

exception. Subjects included in the new Re-
gional Studies Minors are divided into four
areas; students are required to distribute sub-
jects across those four areas.
Of the six subjects required for the HASS minor,
at most five will count toward satisfaction of the
eight-subject Institute HASS Requirement. Of
these five, at most one will count toward the
satisfaction of the HASS-Distribution
Requirement.
HASS Minor Programs have been approved in
the following fields:

African and African
Diaspora Studies
Anthropology/
Archaeology

East Asian Studies
Economics
European Studies
Film and Media Studies
French
German
History
History of Art and
Architecture

Latin American Studies
Literature

Middle Eastern
Studies
Music
Philosophy
Political Science
Psychology
Russian Studies
Science,
Technology, and
Society

Spanish
Theater Arts
Urban Studies
and Planning
Women's Studies
Writing

Detailed information on all Minor Programs may
be found in Chapter VII of this catalogue and at
the Humanities, Arts, and Social Sciences
Information Office (14N-408) administered by
the Office of the Dean, School of Humanities
and Social Science.
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Undergraduate Research
Opportunities Program

Program in
Women's Studies

The Undergraduate Research Opportunities
Program (UROP) invites undergraduates
to participate with MIT faculty in a wide range of
research activities in every academic depart-
ment and most interdisciplinary laboratories and
centers.
There are many advantages to becoming in-
volved in such pursuits as early as possible in
an undergraduate career: establishing ties to
faculty; acquirin9 access to the advising, coun-
seling, and tutoring resources of a professional
group: investigating a potential major acquiring
data gathering and laboratory techniques:
exploring the frontiers of a field: undertaking
topics not amenable to the classroom; facing a
real-world problem; and establishing a focus for
educational experiences. Through UROP
students may gain a better understanding of the
intellectual process of inquiry, while having the
Opportunity to experience personal and profes-
sional growth. Students may earn stipends or
academic credit, or may work on a volunteer
basis.

Ground rules for participating in UROP are
contained in the UROP Directory. Coordinators
for Institute departments, laboratories, and
offices are listed under each UROP Directory
entry. These people are prepared to assist
students, but a certain amount of footwork and
negotiation will be required to achieve a satisfy-
ing collaboration. The UROP experience will be
unlike any other: its benefits and rewards are
great, but expectations and standards are
commensurate. For advice and assistance, call
or visit the UROP section of Undergraduate
Academic Affairs, Room 20B-140, telephone
(617) 253-7306, e-mail urop@mit.edu.

The Program in Women's Studies at MIT offers
students an opportunity to gain a new and
exciting perspective on existing disciplines. The
program seeks to include women and gender
as categories of analysis in all traditional scholar-
ly inquiry. Though the conditions and quality of
women's lives have differed from those of men
in most cultures and periods of history, academ-
ic research and course content often fail to
consider the role of gender in social systems.
The primary objective of the Program in Wom-
en's Studies is to encourage the reexamination
and reinterpretation of existing data, and to
promote the discovery of new knowledge about
women and gender.

The Program in Women's Studies provides
students a unique opportunity for interdisciplin-
ary study through various subjects offered at
MITT The core subject, Introduction to Women's
Studies, asks students to challenge traditional
assumptions and questions in a variety of
disciplines, including literature, history,
psychology, philosophy, anthropology, and

iology.
The faculty members involved in the Program in
Women's Studies are drawn from all areas of
the Institute and offer subjects in the following
departments and programs: Biology: Architec-
ture; Brain and Cognitive Sciences: Literature:
History: Anthropology and Archaeology: Urban
Studies and Planning; and the Program in
Science, Technology, and Society (STS). There
also are opportunities to pursue gender-related
topics in other academic departments at MIT,
through UROPs or independent study, and
through the Experimental Study Group (ESG).
Subjects in the Women's Studies Program are
listed in Chapter VIII in this catalogue. Students
may concentrate or minor in women's studies;
degree programs in women's studies are avail-
able by special arrangement.

The Women's Studies Research Room,
housed in the Humanities Library, offers faculty
and students a central location for the study of
women and gender. It contains a core library of
relevant materials, including books and journals.
The Program in Women's Studies also functions
as an information clearinghouse for all students
interested in classes in women's studies at MIT,
Wellesley, or Harvard. A wide range of an-
nouncements and information relevant to femi-
nist scholars in the Boston area and others
interested in women's studies is posted on the
bulletin board.

Further information may be obtained by contact-
ing Professor Ruth Perry, Director, or Sandy
Martin, Coordinator, Program in Women's
Studies, Room 14E-316, MIT Cambridge, MA
02139-4307, (617) 253-8844.
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Preprofessional Advising
and Education

Within the Office of Career Services (Room
12-170), the Preprofessional Advising programs
(Room 12-185) serve students who are inter-
ested in pursuing professional postgraduate
education, particularly in the fields of medicine,
law, and psychology. The staff in the office
works closely with both the Premedical Advisory
Council and Prelaw Council.

Premedical Education

Each year, between eight and ten percent of the
senior class, as well as a large number of alum-
ni, alumnae, and graduate students, go on to
medical study. Students in nearly every course
of study are represented among the applicants.
At MIT, students have great flexibility in their
choice of major fields, and are encouraged to
take advantage of the diversity of subjects
offered at the Institute. Students major in their
chosen course of study and complete medical
school entrance requirements through a selec-
tion of electives; such programs fully meet the
specifications of the Association of American
Medical Colleges. MIT applicants continue to
excel in their admissions rates to medical
schools.

The Premedical Advisory Council, whose mem-
bers are directly involved in medical practice.
medical research, or student counseling, pro-
vides guidance and information to students
interested in medical careers. The Office of
Career Services and Preprofessional Advising,
Rooms 12-170 and 12-185, (617) 253-4737
maintains Medical College Admissions Test
application forms, school catalogues, and
information on medical and doctoral degree
programs as well as medical study. Students
interested in medicine are encouraged to make
an appointment by the second term of their
sophomore year at least. Students interested in
medicine are assigned to a premedical advisor
at that time. A reference letter from a member of
the Premedical Advisory Council is important
when applying to medical school. In addition, it
is important to contact the office regarding
interest in premedical course requirements as
soon as possible. Drop-ins are welcome.

4
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Prelaw Education Teacher Training and Education

A number of MIT students enter law school
each year. Law schools do not require a particu-
lar undergraduate program as a condition for
admission; students from every School at MIT
have been admitted to law school. Prelaw
students should consult members of the Prelaw
Advisory Council regarding preparation for a
legal education and make contact with the
Preprofessional Advising Office in Room
12-185, (617) 253-4737, at least during their
junior or senior year.

The Preprofessional Advising Office maintains
catalogues of accredited law schools, the dates
and application materials for the Law School
Admissions Test, and other information pertinent
to the study of law. Copies of helpful publica-
tions are available in the Office of Career Ser-
vices and Preprofessional Advising. Refer to the
section Law-Related Studies in Chapter VI for
further discussion of opportunities and pro-
grams in this area.

Options for MIT students interested in teaching
elementary or secondary school range from
exploratory activities such as tutoring and UROP
activities to formal certification procedures.

MIT students may register for education-related
subjects offered through the MIT Department of
Urban Studies and Planning, or through the
MIT-Wellesley Exchange, or through cross-re-
gistration with Harvard's Undergraduate Teacher

ducation Program. Practice teaching must be
arranged through either Wellesley or Harvard. A
proposed interdisciplinary education minor
(which includes subjects leading to certifica-
tion)may be another option for students inter-
ested in broader aspects of education and
education reform.

Students who elect the proposed education
minor would begin the required subjects during
their sophomore year. Those interested in
teacher certification must begin work at least by
their junior year: under some circumstances,
requirements may be completed during senior
year. Refer also to the section Wellesley-MIT
Exchange Program later in this chapter.

To explore K-12 teaching opportunities less
formally, students may volunteer as tutors or
teacher assistants in local schools, offer informal
classes through the Educational Studies Pro-
gram, or work with faculty members who con-
duct research in schools. (Refer to the UROP
Directory for a list of faculty members interested
in such research.)

The MIT-Wellesley Exchange Office, Room
7-103, and the Center for Public Service, Room
3-123, can also provide assistance.
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ROTC Programs

Air Force ROTC

Military training has existed at MIT ever since the
Institute opened its doors in 1865. More than
12,000 officers have been commissioned from
MIT, of whom more than 150 have reached the
rank of general or admiral. This section identifies
the basic similarities and differences between
the Army, Navy/Marine, and Air Force Reserve
Officer Training Corps (ROTC) programs. Stu-
dents who are United States citizens or who
have applied for citizenship, are of good moral
character, and are medically qualified for military
service, may participate in the programs.
Non-citizens who fulfill naturalization require-
ments for citizenship prior to graduation may
enroll and participate in the four-year nonscho-
larship programs.

All three programs have the following character-
istics in common:

* Application is voluntary.

* Admission is selective.

o All admit men and women.

* Department of Defense regulations presently
exclude people with sexual orientation toward
members of the same sex. The discrepancy
between this policy and MIT's Statement on
Nondiscrimination (see title page) is currently
under review by MIT

* Most students enter the program at the
beginning of their freshman year. However,
entry up to the beginning of the junior year is
available through special programs.

* Students must complete the ROTC program,
including summer training, and earn their bach-
elor's degree in order to be eligible for a com-
mission.

* Nonscholarship students may compete for
full or partial tuition scholarships which range
from two to four years.

* Enrollment or continuation as a scholarship
recipient beyond the freshman year generally
involves an obligation for military service, or in
some cases, for alternative service involving
reserve duty.

* Enrollment as a nonscholarship freshman or
sophomore does not involve a military service
obligation.
* Participants must agree by contract to
maintain acceptable levels of aptitude, academ-
ic performance, and physical fitness. ROTC
academic performance requirements may
exceed Institute standards. Breach or willful
evasion of the contract could lead to a period of
enlisted service or to repayment of scholarship
lunds.

Beginning when the new Student Information
System becomes operational (expected fall of
993), ROTC subjects taken from that point
Orward will not be included in students' grade
>oint averages.

SPecific information concerning benefits, ROTC
raining programs, career opportunities, and
ontractual obligations can be obtained from
he program offices listed in this section.

The Air Force ROTC program provides students
the opportunity to become Air Force commis-
sioned officers while completing their under-
graduate or graduate degree. It is designed to
develop the leadership and management skills
essential for an Air Force officer while preparing
the student for assignment in a career field
related to his or her academic specialty. The
Office of Aerospace Studies offers two pro-
grams -one of four years and one of two
years -for students to qualify for commissions.

Four-Year Program

The four-year program consists of classroom
and leadership laboratory work during the four
years of academic study and one summer
training period of four weeks between the
second and third years at an United States Air
Force Base. Students with three academic years
remainin9 may enroll in the four-year program
by combining the first two years.

The first two years of the four-year program are
known as the General Military Course (G MC).
Upon completion of the GMC and summer field
training, students may compete for entry into
the Professional Officer Course (POC). Selec-
tion into the POC is based on academic apti-
tude and performance, successful completion
of the GMC and field training, and recommen-
dation of the Professor of Aerospace Studies. All
cadets in the POC receive a $100 nontaxable
allowance each month.

Two-Year Program

The two-year program is for those students who
do not complete the first two years of the four-
year Air Force ROTC program. Such students
may apply if they have two years remaining in
their academic program at MIT. In lieu of com-
pleting the GMC, these students receive six
weeks of field training at an Air Force base
during the summer preceding their entry into Air
Force ROTC. They receive the same benefits
and complete the same academic program
required of POC members in the four-year
program.

Scholarships

Air Force ROTC scholarships are available on a
competitive basis to qualified applicants in
selected academic majors. Scholarships are
available that can pay up to full tuition. Scholar-
ships also provide an allowance for textbooks, a
$100 nontaxable allowance each month during
the academic year, and pay most required fees.
Two- and three-year scholarships for college
students are offered on a competitive basis
subject to availability of funds in addition to the
four-year scholarships offered to high school
seniors.

Program of Instruction

The Aerospace Studies curriculum emphasizes
the history, organization, and mission of the Air
Force, including its role in national defense
strategy and American society. Academic
classes and leadership laboratory activities
provide training and practical experience in
developing leadership and managerial skills.
Scholarship cadets must also fulfill English
composition and foreign language
requirements.

Eligibility Requirements

To be eligible for the Air Force ROTC scholar-
ship program and the POC, students must be
citizens of the United States; physically qualified
in accordance with existing Air Force regula-
tions; and enrolled at MIT, Harvard, Tufts, or
Wellesley as full-time students.

Application Procedure

Interested students can sign up for the AFROTC
program by visiting the Office of Aerospace
Studies, Room 20E-111, MIT, Cambridge, MA
02139-4307, or by calling (617) 253-3755. The
director of the program is Colonel Steve B.
Borah, Visiting Professor of Aerospace Studies.
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Army ROTC Naval ROTC

All students at MIT, Harvard, Tufts, and Wellesley
College are eligible to enroll in Army Reserve
Officer Training Corps classes at MIT Eligibility
requirements for the program, which leads to a
commission as a Second Lieutenant in the
Regular Army, Army Reserve, or Army National
Guard, are listed below. Freshmen and sopho-
mores normally enroll in the standard four-year
program, while graduate students and selected
undergraduates with two or more academic
years remaining may apply for the Army ROTC
two-year program. Successful completion of
both academic and summer training require-
ments qualifies the student for commission
upon graduation.

Although the normal pattern is for the student to
progress through the military science programs
sequentially, students may, on a case-by-case
basis, be granted credit for part or all of the first
two years for appropriate academic or military
work experience. Selected subjects may be
offered during the Summer Session and/or the
January Independent Activities Period.

Students completing the ROTC program will
receive commissions upon graduation and go
on to serve as active or reserve duty officers.
The commitment depends upon the student's
choice of commissioning program, scholarship
status, and the needs of the service. Commis-
sions are offered in all of the Army's basic
branches with actual branch assignment deter-
mined by the needs of the Army, the desires of
the student, and the academic background and
experience of the student.

Enrollment in the first two years of the four-year
program is voluntary and does not obligate the
student to any type of active or reserve duty
commitment. However, ROTC scholarship
students continuing the program beyond the
freshman year may incur an active duty or
reserve duty obligation.

The summer training requirement for students in
the four-year program is limited to the six-week
ROTC Advanced Camp, completed between
the junior and senior years. In addition to travel
expenses, students at the Advanced Camp will
receive a stipend of approximately $650.

Three-year and four-year scholarships are
available each year, and are awaroed on the
basis of a national competition. In general, the
scholarships pay 80 percent of tuition and fees,
a flat rate of $420 for books and supplies, plus a
stipend of $100 per month. Upon contracting,
non-scholarship students in the final two years
of the program receive the $100 per month
stipend. For details on the scholarship program,
contact the Army ROTC program.

In addition to the requirements outlined above.
Army Airborne, Air Assault, Northern Warfare.
and other military schooling and training pro-
grams are available on a voluntary basis to
qualified students. Full details on these pro-
grams are also available from the Army ROTC
program.

Program of Instruction

The Army ROTC program of instruction is
designed to enhance a student's college
education by providing unique leadership and
management training along with practical expe-
rience. It is based heavily on the principles of
leadership, management, and ethical behavior.
The program has three equally important as-
pects. The first consists of professional military
subjects taught by the Department of Military
Science. Military science subjects are described
in the section ROTC in Chapter Vill.

The second consists of academic subjects
taught by the Institute which receive academic
credit. This includes one semester each in
Written Communication, Human Behavior,
Military History, Computer Literacy, Math Rea-
soning, and - for scholarship students -a
foreign language. The selection of approved
elective subjects is not rigid, and any relevant
subjects may be proposed by the student for
approval by the Professor of Military Science.

The third aspect consists of hands-on, perform-
ance oriented training conducted during weekly
leadership laboratories, physical training ses-
sions, and one weekend of field training exer-
cise each semester. The purpose of this inte-
grated approach to Army ROTC is to develop
officers skilled not only in the pragmatics of
military science, but in related human and social
skills as well. Participation in at least two years of
the ROTC program satisfies one-half of the
Institute's Physical Education Requirement.

Eligibility Criteria

The traditional four year Army ROTC Program
offered at MIT is divided into two parts: the
basic course and the advanced course. The
basic course is usually taken during the first
two years of college. Any student attending MIT
full-time may participate in the basic course.
The advanced course is typically taken during
the final two years of college. After completing
the basic course, students who have demon-
strated the potential to become Army officers
and are otherwise eligible, are offered the
opportunity to contract. Non-contracted cadets
are eligible to audit the advanced course
classes with the approval of the Professor of
Military Science.

Application Procedure

Application for the four-year program normally
begins by enrollment in MS 101 Introduction to
ROTC and the Army. Students enroll in this
course during the regular registration period at
MIT The student should contact the Army
ROTC program for additional information.

Students interested in the two-year program
should apply through the Army ROTC program.
Further details may be obtained from Room
20E-126, MIT, Cambridge, MA 02139-4307,
(617) 253-4771. The director of the program is
Lieutenant Colonel Gerald T Wellman, Corps of
Engineers, Visiting Professor of Military Science.

The purpose of the Naval ROTC program is to
provide instruction and training in naval science
subjects which, when coupled with a bachelor's
degree, qualify selected students for commis-
sions in one of the many specialties in the Navy
Primary officer program options available in-
clude aviation, submarines, surface warfare, and
the Marine Corps.

The Naval ROTC unit at MIT offers two officer
development programs. The Scholarship Pro-
gram provides up to full tuition, certain fees, use
of books and uniforms, and $100 per month for
two, three, or four years. All scholarship stu-
dents incur an active duty obligation of four or
more years. Students in the College Program
for two, three, or four years receive Naval Sci-
ence books and all uniforms in addition to $100
per month during the last two academic years.
Students in this program must complete one
summer cruise after their junior year and incur a
three-year active duty obligation. Each year the
top College Program students receive scholar-
ships for their remaining years in school.

Harvard and Tufts students are eligible for both
the Scholarship and College Programs.

Upon completion of the program and receipt of
a baccalaureate degree, all graduates are com-
missioned as ensigns or second lieutenants in
the Navy or Marine Corps Reserve. Newly
commissioned officers report directly to active
duty within one year of commissioning (general-
ly within a few months). Upon completion of the
active duty obligation, the officer may be re-
leased to inactive duty, but must retain the
commission for a total of eight years from the
date of its original acceptance.

Program of Instruction

The NROTC program of instruction encom-
passes the science of nautical matters and
principles of leadership and management, all
vital to being a naval officer. The program has
three interacting and equally important aspects.
The first aspect consists of the professional
academic subjects taught by the Department of
Naval Science, and the second aspect consists
of the academic subjects taught by the Institute.
In addition to recommended coursework, one
year of calculus, physics, English, American
Military Affairs or National Security Policy, and
one term of computer science, and an Indo-Eu-
ropean or Asian language are required. The
third aspect consists of the professional training
gained from leadership laboratories (two hours a
week throughout the school year), tours con-
ducted to local naval facilities, cruises aboard
ship, and practical navigation and piloting
practice conducted aboard training craft.

Between academic years, midshipmen attend a
month of summer training aboard ship and at
shore bases to become familiar with Navy and
Marine Corps procedures. One two-hour or
three-hour Naval Science subject is required
each semester. Several of these are presented
in conjunction with MIT professors and carry
academic credit.
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Junior Year Abroad

Many opportunities exist for students to take a
summer, a semester, or a year of study in a
foreign country. Although it is most common to
study abroad during the junior year, it is also
possible during the sophomore or senior year.
Students may apply directly to the foreign
institution for admission, or choose to apply to a
study abroad program administered by a US
institution. Plans for study abroad should be
worked out by each student with his or her
faculty advisor and MIT's Foreign Study Advisor.

A student on an approved study abroad pro-
gram pays tuition to the outside institution rather
than to MIT Such a student is officially regis-
tered as an Undergraduate on Foreign Study.
The cost of studying abroad for a semester is
often less than the cost of a semester at MIT

i~.
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It is possible to study in a foreign country with-
out prior knowledge of the language: numerous
institutions offer programs abroad taught in
English. However, a working command of the
language of the host country can add greatly to
the overseas experience. Even a student without
prior skills can achieve some proficiency in a
foreign language by the beginning of the junior
year if he or she begins study by spring term
freshman year.

Students who successfully complete an ap-
proved program of study abroad may receive
transfer credit toward their MIT degree. By the
end of the eleventh week (drop date) of the
semester in which they return, students must
submit complete documentation for transfer
credit to the Registrar's Office ($30 late fee).

For further information, contact the Office of
Career Services and Preprofessional Advising,
Room 12-185, (617) 253-4733.

Domestic Year Away

Students may choose to spend from one
semester to one year studying at another aca-
demic institution within the US. A student study-
ing at another university pays tuition to the
outside institution rather than to MIT Such a
student is officially registered as an Undergradu-
ate on Domestic Study Away.

To qualify for Domestic Year Away status, a
student must show that his or her proposed
program of study draws upon resources avail-
able at the outside institution that are not gener-
ally available at MIT or at the institutions with
which MIT has cross-registration privileges. In
addition, a student's planned program of study
should be consistent with his or her overall
degree program at MIT Students must be
accepted by a school of established academic
merit and undertake a work load comparable to
that at MIT

Students may receive transfer credit for their
studies outside MIT By the end of the eleventh
week (drop date) of the semester in which they
return, students must submit complete docu-
mentation for transfer credit to the Registrar's
Office ($30 late fee).

For further information, contact the Office of
Career Services and Preprofessional Advising,
Room 12-185, (617) 253-4733.
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Harvard University

MIT undergraduates are permitted to take
subjects at Harvard University (Faculty of Arts
and Sciences) for degree credit at no extra
charge. In general, MIT students take subjects
at Harvard which are not offered regularly at
MIT Cross-registration is normally limited to
upperclass students who must be regularly
enrolled at MIT and paying full tuition for the
term in question. No more than two regular
subjects nor more than one intensive subject
may be taken at Harvard in any one term.
Arrangements are made through the
Humanities, Arts, and Social Sciences Office,
Room 14N-408, (617) 253-4441. Students must
submit a petition in order for such subjects to
count toward fulfillment of the HASS
Requirement. Letter grades earned in Harvard
subjects appear on the transcripts of MIT
undergraduates.

Welesley-MIT Exchange Program

Participation in the Wellesley-MIT Exchange
Program can expand the educational opportuni-
ties for students of each institution. Under this
program, students may cross-register for any
courses at the other school, if they present the
necessary prerequisites. MIT students may use
Wellesley courses to meet certain Institute
requirements, as described later in the section.

A small, liberal arts college for women located
on a 500-acre woodland campus 20 miles west
of Boston, Wellesley College provides a different
yet no less challenging environment for learning
and living from that of MIT

The following areas of study are available at
Wellesley:

Africana Studies
American Studies
Anthropology
Architecture
Art
Astronomy
Biological Chemistry
Biological Sciences
Chemistry
Chinese
Chinese Studies
Classical Civilization
Classical and Near

Eastern Archaeology
Cognitive Science
Computer Science
Economics
Education
English
French Cultural

Studies
French Studies
Geology
German
German Studies
Greek and Latin
History

International Relations
Italian
Italian Culture
Japanese
Japanese Studies
Jewish Studies
Language Studies
Latin American Studies
Mathematics
Medieval/Renaissance

Studies
Music
Peace Studies
Philosophy
Physics
Political Science
Psychobiology
Psychology
Religion
Russian
Russian Area Studies
Sociology
Spanish
Technology Studies
Theater Studies
Women's Studies

Through the Wellesley Education Department,
MIT students may earn Massachusetts certifica-
tion to teach biology, chemistry, mathematics,
mathematics and science, social studies, En-

lish, French, or Spanish at the secondary level.
his certification is valid in approximately 30

states under reciprocal agreements. For certifi-
cation, students must complete a prescribed set
of subjects in the academic field and five edu-
cation subjects, as well as three fieldwork expe-
riences within a school setting and a semester
of student teaching. Students may also earn
certification in secondary Art, Latin and Classical
Humanities, and Physics, and in the following
areas in elementary education: reading, com-
munication, mathematics, sciences, social
studies, the arts, and health and physical educa-
tion. For certification in the latter secondary and
elementary subject areas, requirements vary
slightly and may not be transferable to other
states without minor modifications. Individual
programs can be arranged as preparation for
applying for certification in other fields or states.

Wellesley and MIT operate free weekday bus
service between the two campuses for students
who are cross-registered. The ride is about 50
minutes each way, so students should plan for
at least one hour between their Wellesley and
MIT classes. Cross-registered students have
priority in boarding, but others with MIT or
Wellesley identification cards may use the bus
on a space available basis.

MIT students register for Wellesley subjects
simply by putting each subject's name and
number on the MIT registration form in the
space marked "Cross-Registration at Wellesley"
or on an Add/Drop card. Students must also
register at Wellesley during the first week of MIT
classes.

Wellesley subjects and grades are recorded on
MIT transcripts. Unless otherwise stated in the
Wellesley Bulletin, a semester subject receives
one Wellesley unit of credit, which equals 12
(3-0-9) MIT units (or the equivalent of one
subject when used to satisfy the General Insti-
tute Requirements).

MIT students receive letter grades for their
Wellesley subjects unless: the course is desig-
nated mandatory "credit or noncredit" by
Wellesley, the student is a freshman under MIT's
"pass or no record" requirement; or, the student
is a junior or senior using one of two MIT elec-
tives to be graded P D, or F

Students may take Wellesley subjects to meet a
variety of MIT distribution and concentration
requirements. There are, however, some restric-
tions and special procedures.

Students generally cannot substitute Wellesley
subjects for MIT Science Requirement subjects
(Chemistry, Biology, Physics, and Calculus) or
Laboratory Requirement subjects. They may
take Wellesley subjects to satisfy Restricted
Electives in Science and Technology (REST)
Requirements, but need the approval of the
Committee on Curricula.

To meet the distribution portion of the MIT
Humanities, Arts, and Social Sciences
Requirement, students may take the Wellesley
subject listed in the section HASS-Distribution
Requirement later in this chapter. Wellesley
subjects may be designated as part of the
Concentration for the Humanities, Arts, and
Social Sciences at the discretion of the
designated advisor in that field of concentration
Students may use Wellesley courses as
unrestricted electives toward fulfilling the
Humanities, Arts, and Social Sciences
Requirement, but they must petition to do so.
Petitions may be obtained from the Exchange
Office at MIT or from Bette Davis in the
Humanities, Arts, and Social Sciences Office,
14N-408, (617) 253-4441 (who can also answer
questions pertaining to the Humanities, Arts,
and Social Sciences Requirement).

Wellesley subjects may be used to fulfill depart-
mental major and minor requirements with the
permission of a faculty advisor.

Most examinations at Wellesley are offered on a
self-scheduled basis. Wellesley's academic
calendar differs from MIT's. Students are re-
sponsible for meeting Wellesley's end-of-term
deadlines. Students may obtain information on
end-of-term procedures from the Exchange
Office at MIT.

Students unable to complete their work due to
grave emergency or illness should contact the

xchange Coordinator at Wellesley within 24
hours of the deadline to get further instructions

Students may take physical education classes at
Wellesley on a space-available basis and may
apply these classes toward their MIT physical
education requirements.

MIT students receive full library privileges at the
Wellesley College Library.

Complete details on registration procedures and
programs, as well as copies of the Wellesley
Bulletin and class schedules, are available in the
Exchange Office at MIT in Room 7-103, (617)
253-1668. Contact the Exchange Office at
Wellesley located in Room 340B, Green Hall,
(617) 238-2321 or MIT tie line 187-2321.
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General Institute
Requirements

<
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Bachelor of Science Degree Requirements1 2

CLASS OF 1996 or earlier: See Notes below

General Institute Requirements (GIRs) Subjects

Science Requirement
Chemistry (3 091 or 5 11)
Physics (8.01 or 8.012 or 8.01x or 8.01 L and
8.02 or 8 022 or 8 02x)
Calculus (18 01 or 18 011 or 18 014 and 18 02 or
18 021 or 18 024)
Biology (7 012 or 7 013 or 7.014)

Humanities, Ars, and Social Sciences Requirement

Restricted Electives In Science and Technology (REST)
Requlrement*

Laboratory Requirement (12 Units)

6

8

2

To be recommended for the degree of Bachelor
of Science, students must have attended the
Institute not less than three regular academic
terms, which ordinarily must include the term of
graduation. Also, students must have satisfacto-
rily completed programs of study approved in
accordance with the faculty regulations, includ-
ing the General Institute Requirements de-
scribed on the following pages, and the Depart-

mental Program of the Course in which the
degree is to be awarded. A student must peti-
tion the Committee on Curricula for any substi-
tutions in the General Institute Requirements.
Departures from the Departmental Programs are
allowed with departmental permission. The
Departmental Program and the total degree
requirements are shown for most Courses in
Chapter VI I.

Total GIR Subjects Required for S.B. Degree 17

Writing Requirement
To be satisfied in two stages

Physical Education Requirement

PLUS

Departmental Program and Unrestrictive Electives

As specified for each Course, 180-198 unIts required beyond
the General Institute Requirements '

Students track their progress by checking off the subjects that
count towards the 17-subject General Institute Requirements,
noting the restrictions on the REST Requirement The remaining
units then count toward the additional 180-198 units beyond
the General Institute Requirements The student-s progress is
also summarized on the grade report each term

Notes

CLASS OF 1996 or earlier: The Science Requirement is five
subjects (since Biology Is not required) but the REST Require-
ment is three subjects, keeping the total number of GIRs
constant at 17.

Some of the subjects that satisfy Departmental Program
requirements also fulfill the General Institute Requirements
(such as 5 11 in Course V). However, no subject can be
counted both as pa of the 17-subject General Institute
Requirements (GIRs) and as part of the 180-198 units required
beyond the GIRs Every subject in the student's Departmental
Program and unrestricted electives will count toward one or the
other. but not both.

Students who entered MIT prior to September 1988 (Septem-
ber 1989 for transfer students) and are returning following an
absence must meet the current degree requirements rather
than those that applied when they entered
2
Transfer students generally will graduate under the require-

ments that apply to the class they join when they enter MIT
3
Departmental Programs can specify or expect a limited

number of subjects that also fulfill the General institute Require-
ments, and must make possible 48 units in unrestricted
electives (usually more) The total of 180-198 units does not
include ROTC subjects. If elected

*The REST Requirement was formerly called the Science
Distribution Requirement
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Science Requirement Writing Requirement

MIT expects its graduates to have an under-
standing and appreciation of the basic concepts
and methods of the physical sciences. These
concepts and methods are needed in most
degree programs at the Institute. More impor-
tant, they are an essential part of the back-
ground that MIT graduates bring to their roles as
professionals and as broadly educated citizens
in a world strongly influenced by science and
technology.

To provide this understanding, the Institute
offers a variety of programs by which the
student can fulfill the Science, Laboratory, and
Restricted Electives in Science and Technology
(REST) Requirements. These programs
introduce basic elements of the scientific
method: experimental foundations and
techniques, mathematical analysis, and
conceptual models for experimental facts.
Important experimental as well as conceptual
aspects are introduced by the chemistry and
biology requirements and by the Laboratory
Requirement. Mathematical methods common
to much of science and technology are
explored in the calculus requirement. Basic
concepts that underlie many physical
phenomena are defined and elucidated in the
physics and REST requirements.

In addition to a rigorous introduction to the
sciences, these requirements are intended to
stimulate and challenge each student to review
critically his or her knowledge and to explore
alternative conceptual and mathematical formu-
lations which may provide better explanations of
natural phenomena or may lead to better appli-
cations of technology.

The development of critical and constructive
approaches to both theory and practice in
science, engineering, and other professions is a
central objective of the Institute's educational
programs.

Chemistry

The requirement can be satisfied by taking
3.091 Introduction to Solid-State Chemistry, or
5.11 Principles of Chemical Science. The sub-
ject 3.091 is designed for students who are
particularly interested in the chemistry of the
solid state. The subject 5.11 presents an intro-
duction to chemistry with an emphasis on basic
principles and their applications.

Physics

The Institute requirement in physics may be
satisfied through a variety of combinations of
first-term and second-term physics subjects. A
majority of students find the 8.01-8.02 se-
quence suited to their needs. The sequence
8.012-8.022 covers essentially the same subject
matter as 8.01-8.02, but is more advanced
mathematically; calculus is used freely from the
beginning of the term. However, the student is
not obliged to follow through either sequence
as a package should some other choice be
more suitable. It is quite acceptable to switch
from a first-term subject in one sequence to a
second-term subject in the other. During
1993-94, the subjects 8.01x, 8.iL, and 8.02x
are offered as alternative physics subjects.

Calculus

The Department of Mathematics offers two
standard calculus sequences, 18.01-18.02 and
18.011-18.021. These sequences seek to
present calculus as it will be used in science
and engineering. The subjects differ in several
respects: content and intensity (see subject
descriptions in Chapter VIII for details): structure
(homework and testing practices vary): and
prerequisites (18.011 assumes a year of high
school calculus).

A third sequence, 18.014-18.024 Calculus with
Theory, assumes an extensive background in
calculus and emphasizes proofs.

Students with advanced placement or advanced
standing credit for 18.01 will lose it if they take
18.01. However, for students taking 18.011 or
18.014, it will be replaced by six units of elective
credit.

Biology

Beginning with the freshman class entering MIT
in fall 1993, the Science Requirement has been
expanded to include a subject in modern biolo-
gy. (Starting with that class, the Restricted
Electives in Science and Technology Require-
ment decreases from three subjects to two.)
The new Institute requirement in biology may be
satisfied by one of three introductory subjects.
All three subjects cover the same core material,
which includes the fundamental principles of
biochemistry, genetics, molecular biology, and
cell biology. In addition, each subject version
has its own distinctive material. 7.012 is offered
in the fall term: 7.013 and 7.014 are taught in the
spring. Students who receive a score of4 or 5
on the high school Biology Advanced Place-
ment examination will receive credit for 7.012
Introductory Biology.

The primary objectives of this General Institute
Requirement are to ensure competency in
writing of all undergraduates, with special em-
phasis on writing in professional contexts, and
to see that clear, effective writing is valued and
fostered throughout the curriculum as an essen-
tial part of an MIT education. The requirement is
satisfied in two phases.

Phase One focuses on competence in general
expository writing. The options for satisfying this
stage are as follows:

* Achieving, prior to entry, a score of 750 or
above on the College Board Achievement Test
in English Composition with Essay or a score of
5 on the College Board Advanced Placement
Test in English Language and Composition.

* Passing the Freshman Essay Evaluation,
which is given to new students during Residen-
ce/Orientation Week and once during the fall
semester. An English as a Second Language
(ESL) version is available. The Freshman Essay
Evaluation is mandatory for all entering under-
graduates who have not already completed
Phase One.

* Completing one of the following subjects
and being certified as proficient in expository
writing by the instructor: 21 F 222 Expository
Writing I for Undergraduates: English as a
Second Language; 21W 730 Expository Writing
21W 731 Writing and Experience; or 21W 732
Introduction to Technical Communication: or
any equivalent subject in Project Interphase, the
Experimental Study Group, the Integrated
Studies Program, or the Concourse Program.
Work at grade level A or B generally qualifies for
Phase One certification. Work at grade level C
may be certified by the instructor. The junior-
senior P/D/F option may not be used with any
of these subjects to fulfill Phase One.

* Submitting a paper of five pages (1,250
words) or more of expository prose for any MIT
subject or UROP activity that is judged satisfac-
tory by the professor of the subject and by
evaluators for the requirement.

A student submitting a paper for Phase One
must first pick up a cover sheet from the Writing
Requirement Office, Room 20B-140, for the
subject instructor to sign. The instructor uses
the cover sheet to comment on the student's
writing before signing the sheet and giving it to
the student. The student then returns the paper
and the cover sheet to the Writing Requirement
in Room 20B-140.

Students normally complete Phase One by the
end of the freshman year and must complete
this phase of the requirement by the eighth
week of the first semester of their sophomore
year. Students who fail to do so lose the option
of submitting a paper to satisfy Phase One and
must enroll in 21F 222, 21W 730, 21W 731, or
21W 732.
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Humanities, Arts, and Social
Sciences (HASS) Requirement

Phase Two is designed to engage upperclass
students in the more specialized forms of
writing that are necessary within their
disciplines.

Phase Two is administered by individual
departments. Students should contact their
Departmental Advisor or Writing Coordinator for
specific information on completing this part of
the requirement.

Phase Two should be satisfied by the end of the
junior year and must be satisfied by the end of
the first semester of a student's senior year.
Students who fail to complete Phase Two by
registration day of the semester in which they
plan to graduate will be withheld from the final
degree list and will be added only by enrolling
in 21F 226, 21F 228, or 21W 780 and petitioning
the Committee on the Writing Requirement.

The options for completing Phase Two are as
follows:

* Receiving a grade of B or better for the
quality of writing in a cooperative writing subject
approved by a student's major department.
These cooperative engineering and science
subjects include instruction and evaluation by
Writing Program faculty and provide excellent
opportunities for satisfying Phase Two.

e Receivin9 a grade of B or better in any one
of the following advanced subjects in scientific
and engineering writing: 21 F 226 Workshop in
Writing for Science and Engineering: English as
a Second Language: 21 F 228 Workshop in
Writing for the Social Sciences and Architecture:
English as a Second Language; or 21W 780
Scientific and Engineering Writing. The junior-
senior P/D/F option may not be used with any
of these subjects to fulfill Phase Two.

0 Submitting a paper of 10 pages (2,500
words) or more of prose from any MIT subject
or UROP activity within the general area of a
tudent's professional field. This paper must be

udged satisfactory by the instructor or supervi-
or and by evaluators for the requirement.
tudents who wish to use this option to com-
lete Phase Two should contact their Depart-
ental Writing Coordinator.

he Committee on the Writing Requirement has
ublished a brochure on the requirement.
Copies are available from the Writing Require-
ent Office, Room 20B-140, (617) 253-3039.
tudents are also encouraged to discuss any
uestions they may have about the requirement
ih their Departmental Writing Coordinator or
,th the Institute Coordinator of th e WVr: ng
equirement, Dr. Les Perelman

MIT provides a substantial and varied program
in the humanities, arts, and social sciences that
forms an essential part of the education of every
undergraduate. This program is intended to
ensure that students develop a broad under-
standing of human society, its traditions, and its
institutions. The requirement enables students
to deepen their knowledge in a variety of cultur-
al and disciplinary areas and encourages the
development of sensibilities and skills vital to an
effective and satisfying life as an individual, a
professional, and a member of society.

More specifically, the objectives of the program
are to develop skills in communication, both oral
and written; knowledge of human cultures, past
and present, and of the ways in which they have
influenced one another: awareness of concepts,
ideas, and systems of thought that underlie
human activities: understanding of the social,
political, and economic framework of different
societies; and, finally, sensitivity to modes of
communication and self-expression in the arts.
Work in these areas will, where appropriate,
display a special concern with the relation of
science and technology to society.

The student's program in the Humanities, Arts,
and Social Sciences (HASS) is based on the
following Institute requirement:

Minimum. Every candidate for a bachelor's
degree must have completed a minimum of
eight term subjects (of at least nine units each)
in the humanities, arts, and social sciences.

Distribution. Three of the eight subjects must
be chosen from a specially designated list of
distribution subjects in the humanities, arts, and
social sciences. The three subjects are to be
selected from three separate categories or fields
and may be taken at any stage of the student's
undergraduate career. Refer to the section
below on the HASS Distribution Subjects for
specifics.

Concentration. Before the third year. each
student selects a field of concentration. The
requirements for concentration are set by each
field and consist of either three or four subjects.
An individual's program of concentration is
arranged in consultation with a designated
advisor in the field. A distribution subject in a
given category or field may also be counted as
one of the required concentration subjects with
the permission of the concentration advisor. In
individual cases, a special interdisciplinary
program of concentration may be arranged with
the approval of an advisor designated by the
Dean of the School of Humanities and Social
Science. This approval must be obtained ahead
of time, before the desired combination of
subjects has been completed.

Currently, the following fields of concentration
are offered:

American Studies
Ancient and Medieval Studies
Anthropology/Archaeology
Black Studies
East Asian Studies
Economics
Ethnic Studies
Film and Media Studies
Foreign Languages and Literatures
History
History of Art and Architecture
Labor in Industrial Society
Latin American Studies
Linguistics
Literature
Music
Philosophy
Political Science
Psychology
Russian Studies
Science, Technology, and Society
Theater Arts
Urban Studies
Visual Arts and Design
Women's Studies
Writing

Students interested in exploring or registering
for a field of concentration should speak with an
advisor designated by that field.

HASS Information

For detailed information on distribution subjects
and on the concentration requirements in any
field, and for assistance with any aspect of the
Humanities, Arts, and Social Sciences Require-
ment, students should visit the HASS Office,
Room 14N-408, (617) 253-4441.

"k
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HASS Distribution Subjects

Humanities, Arts, and Social Sciences Distribu-
tion (HASS-D) subjects are humanistic in
orientation, of broad general interest, with a
subject matter clearly drawn from one or more
of the disciplines in the humanities, arts, and
social sciences. Such subjects meet in sections
small enough to allow discussions in which
every student can participate, and -except for
some art subjects - call for a substantial amount
of writing.

Almost all distribution subjects are without
prerequisites and are appropriate for students at
all levels. Students are encouraged, though not
required, to take one or two distribution subjects
in their freshman year, in order to begin satisfy-
ing the Institute requirement and to sample
offerings in different fields.

Students are free to take more than the neces-
sary minimum of three distribution subjects;
those taken in excess of the minimum may be
used as electives toward completion of the
eight-subject requirement or in some cases,
with the approval of the relevant field advisor,
may be accepted as part of a program of con-
centration. Note, however, that in no case may
more than one subject in a given category or
field be counted toward distribution.

In academic year 1988-89, the Humanities, Arts,
and Social Sciences Distribution (HASS-D)
Requirement was introduced to provide in-
creased intellectual structure and cohesion. The
HASS-D Requirement is meant to comple-
ment the General Institute Requirement in
Science, emphasizing modes of inquiry and
discourse that are qualitative and contextual.
HASS-D subjects aim to develop substantive
knowledge and analytical skills. They are to
have a broad intellectual range and include a
generous view of the alternative and often
competing assumptions. perspectives, and
intellectual tendencies in the field. They are to
incorporate, where appropriate, materials and
insights drawn from the full range of contempo-
rary scholarship, including that on women.
minorities, and nonwestern cultures.

HASS-Distribution Requirement

Undergraduates who entered in academic year
1988-89 or later must take three HASS-D
subjects from the list below, classified into five
categories. Each category consists of subjects
that are appropriate for students who may never
take another subject in that area of learning, and
the five categories together offer a range of
choices suited to the different interests, abilities,
and preparations of MIT undergraduates.

Specifically, students must take one distribution
subject from categories 1 or 2, which have a
content within the humanities, and one distribu-
tion subject from categories 4 or 5, which have
a content within the social sciences. The third
distribution subject must be taken from one of
the three remaining categories.

Language Option. Because the Institute
regards competence in foreign language as a
fundamental value, students may substitute one
language subject at level Ill or IV for one
HASS-D subject. Of the two remaining HASS-D
subjects, one must be taken from categories
4 or 5 and the other from one of the remaining
categories. Students selecting this language
option may not choose a second distribution
subject taught in the same foreign language.

The 1993-94 HASS-D subjects listed by cate-
gory areas are as follows:

Category 1 Literary and Textual Studies
This category consists of subjects devoted to
the interpretation of texts, of literary traditions,
and of genres.

21F 320
21F 412
21F 716

21F 822J

21F 870

21L 003
21L 004
21L 006
21L 009
21L 012
21L 021
21L 444J
21W 735

Introduction to French Litemture
Introduction to German Literature
Introduction to Contemporary
Hispanic Literature
International Women's Voices
[SP 431J]
Introduction to Russian Culture
Through Its Short Prose
Introduction to Fiction
Major Poets
American Literature
Shakespeare
Forms of Western Narrative
Comedy
New World Literature [21 F 820J]
Writing and Reading the Essay

Category 2 Language, Thought, and Value
Subjects in this category focus on the develop-
ment of fundamental philosophical, conceptual.
and moral issues, and stress careful analytical
thinking and rigorous argumentation.

21A 213J

21L 001

21L 002

21L 448J
21L 449
24.00
24.01
24.04J
24.05
24.07

24.09J

STS 011

WC 108RE

Ideas of the World Order: Religion
and Science [21H 921J]
Foundations of Western Culture I.
Homer to Dante
Foundations of Western Culture 11:
Renaissance to Modernity
Darwin and Design [21W 739J]
The End of Nature
Problems of Philosophy
Philosophy and Public Affairs
Justice [17.115J]
Philosophy of Science
Classics in the History of
Philosophy
Classics in Political Philosophy
[17.113J]
American Science: Ethical Conflicts
and Political Choices
Introduction to Asian Religions
(Wellesley College subject)
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Category 3 Visual and Performing Arts
Subjects in this category are drawn from music,
the visual arts, drama and dance, and film.
Some are historical and analytical; others are
more directly concerned with the creation of art.

4.301 Foundations in the Visual Arts
4.601 Introduction to Art History
4.602 Modernism and Mass Culture
4.605 Introduction to the History and

Theory of Architecture
4.672 Religious Architecture and Islamic

Cultures
21L 005 Introduction to Dramatic Art
21 L 011 The Film Experience
21M 011 Introduction to Western Music
21 M 030 Introduction to World Music
21M 226 Jazz
21 M 301 Harmony and Counterpoint I
21M 602 Playwriting
21 M 613 History and Theory of Western

Dance

Category 4 Cultural and Social Studies
Subjects in this category study human societies
by examining forms of social, cultural, econom-
ic, political, and religious organization and
behavior.

9.00
11.165
14.63
14.72
17.201 J

17.241

17.403

17.465
17.573

17.577

17.601J

21A 100
21A 103

21A 109
21A 230J

21F 884J

21H 161
SP 401
SP 407

STS 015
STS 083J

Introduction to Psychology
Courts and American Society
Labor in Industrial Society
Markets and the State
Controversies in Public Policy
[11.007J]
Introduction to the American
Political Process
American Foreign Policy: Past,
Present, and Future
The Nuclear Age
Political Dimensions of African
Civilizations Over the Centuries
The Politics of Change in the
Third World
Soviet Politics and Society,
1917-1991 [21H 467J]
Introduction to Anthropology
The Human Past: introduction to
Archaeology
Understanding Culture
The Contemporary Family
[SP 456J]
Introduction to Latin American
Studies [17.541J]
Introduction to Black Studies
Introduction to Women's Studies
Desire and Discourse: Introduc-
tion to Lesbian and Gay Studies
The Psychology of Technology
Gender and Science [SP 488J]

Category 5 Historical Studies
Subjects in this category study the development
of peoples, institutions, or countries over time.

11.015J

21A 220

21H 102

21H 103

21H 301
21H 302
21H 416

21H 421

21H 433

21H 523

21H 536

21H 601

21H 913

STS 001
STS 002
STS 003

Riots, Strikes, and Conspiracies
in American History [21 H 104J]
1492 and After: Europe and the
Peoples of the New World
The Emergence of Modern
America, 1865 to the Present
Family, Work, and Leisure in
America, 1600 to the Present
The Ancient World: Greece
The Ancient World: Rome
European Economy and Society
From the Fall of the Roman
Empire to the Industrial Revolution
Environment and History Since
1500
The Age of Reason: Europe in
the 18th and 19th Centuries
Emergence of the Modern
Japanese State, 1800-1945
Family, State, and Economy in
East Asian History
Islam, the Middle East, and the
West
The Last Hundred Years: Topics
in World History (Part 1)
Technology in American History
Toward the Scientific Revolution
The Rise of Modern Science

Because recitation sections in HASS-D subjects
are restricted to 25 students per section,
enrollments in some HASS-D subjects may be
limited. In such cases, the following guidelines
apply. First preference is given to students who
were registered for the subject in the previous
term or year, but were unable to enroll in the
subject due to restrictions in class size. Enroll-
ment for all others is determined at the first class
meeting in a lottery, consisting of those students
who attend the first class meeting.

HUM-Distribution Requirement for Students
Who Entered MIT Before Academic Year
1988-89

Students who entered MIT prior to 1988-89 and
wish to use the old HUM-D system to satisfy the
distribution requirement must petition to do so.
(Students should bring the petition to the HASS
Office to be signed, after obtaining their Faculty
Advisor's signature.) Since the HUM-D system
is being phased out, those subjects are not so
designated in this MIT Bulletin. Students who
plan to graduate under this requirement should
consult a 1990-91, or earlier, issue of the MIT
Bulletin or the HASS Guide. Any questions
concerning this can be addressed to the HASS
Office, Room 14N-408, (617) 253-4441.

Elective Subjects

The remainder of the eight-subject requirement,
above and beyond Distribution and Concentra-
tion, may be fulfilled by the approved subjects
in the humanities, arts, and social sciences.
These elective subjects may be chosen from
among most undergraduate subjects offered in
the School of Humanities and Social Science, a
substantial number of subjects in the School of
Architecture and Planning, and a smaller num-
ber from the other Schools. (Please note, how-
ever. that subjects in the Sloan School of Man-
agement cannot be used to satisfy the HASS
Requirement unless the subject description
specifically indicates it may be used for this
purpose. Subjects which may be used to fulfill
the HAS Requirement without petition are
designated as HASS subjects in Chapter Vill.

Appropriate subjects taken by cross-registration
at Harvard University or Wellesley College may
also count toward the requirement: however, a
petition must be submitted. Graduate subjects
(designated as G subjects in Chapter VIII) may
be used to satisfy the requirement only by
petition, which must include the instructor's
signature.

Further information on elective subjects may be
found in the Guide to the Humanities, Arts, and
Social Sciences, available in the Humanities,
Arts, and Social Sciences Office, Room
14N-408.
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Restricted Electives in Science
and Technology Requirement

Through Restricted Electives in Science and
Technology (REST) Requirement subjects, the
student can broaden and deepen the educa-
tional foundation in basic science begun in the
first-year program and further the understand-
ing of scientific inquiry. These subjects are
designed to give each student the opportunity
to proceed further in areas already studied, or to
explore other areas of potential interest.

The available REST subjects vary in approach
and emphasis. Some give a systematic intro-
duction to the fundamental concepts and princi-
ples of a field: others illustrate through examples
some of the attitudes, concerns, and methods
that characterize professional work in the field.
In general, REST subjects are not too special-
ized, too advanced, or devoted chiefly to in-
struction in a particular skill. Students typically
take REST subjects in the second year,
although - with the proper prerequisites - may
begin taking them in the first year.

Students meet the REST Requirement by taking
two subjects from the list below. Of the subjects
used to fulfill the requirement, the student can
take no more than one in his or her department.
Beginning in 1993-94, however, subjects desig-
nated with a J that are offered jointly by faculty
members in the student's department do not fall
under the departmental limitation.

Prior to academic year 1993-94, the require-
ment was known as the Science Distribution
Requirement. Classes which entered MIT prior
to September 1993 must take three subjects to
fulfill the REST Requirement: no more than one
of the subjects can be taken in the student's
own department and at least one of the three
subjects must be both taken outside the stu-
dent's department and not used to satisfy the
student's departmental program. Subjects
designated as Science Distribution that were
taken prior to fall 1993 will count toward fulfill-
ment of the REST Requirement: starting in fall
1993, only subjects identified in the M/T Bulletin
as REST subjects will count toward the REST
requirement.

In many cases, subjects required by a Depart-
mental Program for the S.B. degree are also on
the lists of REST and Laboratory Requirement
subjects. Thus, students who follow a particular
Departmental Program may simultaneously
satisfy some part of these requirements.

Refer to the section Subject Credits and Desig-
nations in Chapter V for an explanation of Credit
hours (units) assigned to each subject.

A4
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REST Requirement Subjects

1.00 Introduction to Computers and
Engineering Problem Solving

1.04 olid Mechanics (3-2-7)
1.32 Introduction to Engineering

Geology (3-3-6)
1.80 Fundamentals of Ecology (3-1-8)
2.01 Mechanics of Solids (5-0-7)
2.02 Introduction to Systems Dynamics

(4-0-8)
2.20 Fluid Mechanics (4-0-8)
2.40 Thermodynamics (4-0-8)
3.00 Thermodynamics of Materials

(4-0-8)
3.10 Chemical Physics of Materials

4-0-8)
3.13 tructure of Materials (4-0-8)
4.42J Fundamentals of Energy in

Buildings (3-0-9) [1.42J, 2.45J]
4.440 Basic Structural Theory (3-3-6)
5.07 Biological Chemistry (5-0-7)
5.12 Organic Chemistry I (5-0-7)
5.60 Thermodynamics and Kinetics

(4-0-8)
5.61 Physical Chemistry (4-0-8)
6.001 Structure and Interpretation of

Computer Programs (5-3-7)
6.002 Circuits and Electronics (4-2-9)
6.018 Statistical Mechanics and

Thermodynamics (4-0-8)
6.041 Probabilistic Systems Analysis

(4-0-8)
6.071 Introduction to Electronics (4-2-6)
7.03 Genetics (4-0-8)
7.05 General Biochemistry (5-0-7)
8.03 Physics I1 (5-0-7)
8.04 Quantum Physics I (5-0-7)
8.20 Introduction to Special Relativity

(2-0-7)
8.282 Introduction to Astrophysics and

Astronomy (3-0-9)
8.286 The Early Universe (3-0-9)
9.01 Neuroscience and Behavior (3-0-9)
10.301 Fluid Mechanics (3-0-9)
12.001 Introduction to Geology (3-4-5)
12.002 Physics and Chemistry of the Solid

Earth (3-1-8)
12.003 Physics of the Fluid Earth (3-3-6)
12.102 Environmental Earth Science

(3-0-9)
12.400 The Solar System (3-0-9)
13.010 Introduction to Ocean Science and

Technology (3-0-9)
13.016 Introduction to Geometric Modeling

and Computation (3-0-9)
14.30 Introduction to Statistical Method in

Economics (4-0-8)
15.053 Introduction to Management

Science (4-0-8)
15.852 Principles of Dynamic Systems I

(3-0-9)
16.010 Unified Engineering 1 (4-2-6)
18.03 Differential Equations (4-0-8)
18.034 Differential Equations (4-0-8)
18.05 Introduction to Probability and

Statistics (4-0-8)
18.06 Linear Algebra (4-0-8)
18.700 Linear Algebra (3-0-9)
22.02 Introduction to Applied Nuclear

Physics (3-0-9)
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Laboratory Requirement

The Laboratory Requirement (one subject of 12
units or two subjects of 6 units of laboratory
credit) is met by enrolling in subjects designed
for this purpose, and normally is fulfilled in the
first two years. The available subjects are listed
below.

A typical laboratory subject offers the student an
opportunity to set up and carry out experiments
dealing with phenomena of the natural world.
Under faculty supervision, the student plays a
substantial role in planning the design of the
experiment, selecting the measurement tech-
nique, and determining the procedure to be
used for validation of the data.

Hypotheses are formulated and then tested by
comparing them with the results of the experi-
ments. The student then compares and dis-
cusses the experimental results in terms of the
current state of knowledge and prepares prog-
ress reports and final reports of the work.

The laboratory subjects call for a major commit-
ment of the student's attention to one or a few
experimental problems and emphasize as much
as possible work of project type rather than
routine experimental exercises. The subjects are
designed to stimulate the student's resourceful-
ness and ideas.

The Laboratory Requirement is not intended
primarily to teach specific techni ues for later
experimental work, provide broa coverage of a
particular field, or complement a specific sub-
ject. The laboratory subjects are planned to give
each student, at an early stage of his or her
educational experience at MIT, an opportunity to
work on one or a few experimental problems,
exercising the same type of initiative and re-
sourcefulness as a professional would in similar
circumstances.

Laboratory Requirement Subjects

1.101J Decision Analysis Laboratory
(3-4-5)

1.102 Transportation Laboratory (0-3-3)
1.105J Structural Engineering Laboratory

(0-3-3)
1.106 Fluid Mechanics Laboratory (0-3-3)
1.107 Aquatic Chemistry Laboratory

(2-6-4)
1.108 Environmental Fluid Mechanics

Laboratory (0-6-6)
1.53 Constructed Facilities Project

Laboratory (1-5-6)
2.671 Measurement and Instrumentation

(2-3-7) [gives six units of laboratory
credit]

2.672 Project Laboratory (1-3-2)
2.86 Introduction to Manufacturing

(3-3-3) [gives six units of laboratory
credit]

3.081 Materials Laboratory (1-5-6)
4.411 Building Technology Laboratory

(2-4-6)
4.415J Structural Engineering Laboratory

(0-3-3)
5.310 Laboratory Chemistry (2-8-2)
5.311 Introductory Chemical

Experimentation (2-8-2)
6.101 Introductory Analog Electronics

Laboratory (2-9-1)
6.111 Introductory Digital Systems

Laboratory (3-7-2)
6.121J Bioelectronics Project Laboratory

(2-8-2)
6.151 Semiconductor Devices Project

Laboratory (0-12-0)

6.161 Modern Optics Project Laboratory
(2-8-2)

6.163 Strobe Project Laboratory (2-8-2)
6.182 Psychoacoustics Project Laboratory

(3-4-5)
7.02 Introduction to Experimental

Biology (2-8-5) [gives 12 units of
laboratory credit]

8.11 Physics Project Laboratory 1 (1-6-5)
8.12 Physics Project Laboratory II

(1-6-5)
8.13 Experimental Physics I (0-6-12)

[gives 12 units of laboratory credit]
8.14 Experimental Physics 11 (0-6-12)

[gives 12 units of laboratory credit]
8.287J Observational Techniques of Optical

Astronomy (2-4-6)
9.50 Research in Brain and Cognitive

Sciences (2-8-2)
9.63 Laboratory in Cognitive Science

(3-6-3)
10.467 Polymer Science Laboratory

(2-7-3)
11.188 Social Research Methods (3-6-3)
12.115 Field Geology 11 (0-18-0) [gives 12

units of laboratory credit]
12.119 Analysis of Geological Materials

(2-6-4)
12.410J gbservational Techniques of Optical

Astronomy (2-4-6)
13.011 Ocean Science and Technology

Laboratory (2-5-5)
13.017 Design of Ocean Systems 1 (3-4-5)

[gives six units of laboratory credit]
13.018 Design of Ocean Systems 11 (1-4-7)

[ ives six units of laboratory credit]
14.31 Econometrics (3-4-5)
15.301 Managerial Psychology Laboratory

(2-6-4)
16.622 Experimental Projects 11 (1-7-4)
17.203 Political Science Laboratory (3-5-4)
22.069 Undergraduate Plasma Laboratory

(1-4-7)
22.09 Principles of Nuclear Radiation

Measurement and Protection
(2-6-4)

HST 575J Bioelectronics Project Laboratory
(2-8-2)

MAS 450 Holographic Imaging (3-5-4)
TPP 01J Decision Analysis Laboratory

(3-4-5)

4P%
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Physical Education
Requirement

All students are required to complete a mini-
mum of eight points of physical education by
the end of their sophomore year. Freshmen are
urged to complete a minimum of four points. A
student must either pass the swim test or com-
plete one quarter of beginning swimming to
satisfy the swimming requirement.

The requirement may be completed by acquir-
ing points in the following manner:

* Physical Education Class Program: Two
points per quarterly activity

* Intercollegiate Program: Four points for all
freshman, junior varsity, and varsity teams in
season

* Advanced Credit Examinations (15 different
activities, including a physical fitness test): Two
points for each exam passed with a maximum
of four points. Exams will not be given after the
last day of PE. classes for the academic year.

* ROTC Programs (Air Force, Army, Navy):
Two points per year with a maximum of four
points

Transfer students must complete four of the
eight-point Physical Education Requirement,
plus the swimming requirement.

The program consists of both individual activi-
ties and team sports, with the major emphasis
placed on the development of skills that can be
utilized in later life. A student who elects individ-
ual sports such as golf, tennis, sailing, or
squash will receive a strong background in the 44
fundamentals of the sport. 66
Physical education subjects are offered in four
quarters (two quarters for each semester) and
also during the Independent Activities Period.
Students register for these activities in the
gymnasium on specified days at the beginning
and halfway through each semester.

First Quarter

Activities offered first quarter include aerobics,
archery, ballet, jazz, partner dance, ropes ad-
venture, ultimate frisbee, olf, lacrosse, pistol,
rugby, sailing, scuba, scu Iling, exercise fitness,
swimming, table tennis, tai chi, tennis, weight
training, wellness, and yoga.

Second Quarter

Activities offered during second quarter include
aerobics, badminton, basketball, ballet, boxing,
jazz, partner dance, fencing, gymnastics,
hockey, judo, pistol, exercise fitness, ropes
adventure, skating, squash, swimming, table
tennis, weight training, wellness, and yoga.

IIu
IAP

Activities offered during lAP are aerobics, bad-
minton, ballet, boxing, jazz, partner dance,
fencing, hockey, lacrosse, pistol, exercise
fitness, skating, skiing, figure skating, squash,
tennis, volleyball, wellness, and weight training.

Third Quarter

Activities offered third quarter include aerobics,
basketball, ballet, boxing, jazz, partner dance,
fencing, figure skating, hockey, judo, pistol,
ropes adventure, scuba, exercise fitness, skat-
ing, squash, swimming, table tennis, volleyball,
weight training, wellness, and yoga.

Fourth Quarter

Activities offered fourth quarter include aerobics,
archery, ballet, jazz, partner dance, ultimate
frisbee, lacrosse, golf, pistol, sailing, sculling,
exercise fitness, ropes adventure, softball,
squash, swimming, tennis, weight training,
wellness, and yoga.

Further information may be obtained by contact-
ing the Director, Professor Gordon V Kelly, in
the Physical Education Office, W32-125, (617)
253-4291.
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Independent Activities
Period

Independent Activities Period (IAP) is a three-
and-one-half week period in January when
faculty members and students are freed from
the rigors of regularly scheduled classes for
flexible teaching and learning and for indepen-
dent study and research. IAP is part of the
academic program of the Institute-the "1"
month in MIT's "4-1-4" academic calendar.
Students are encouraged to explore the educa-
tional resources of the Institute by taking spe-
cially designed subjects, arranging individual
projects with faculty members, or organizing
and participating in IAP activities. They may also
pursue interests independently either on or off
campus.

Activities

More than 600 activities are offered each year
on a wide range of topics, both academic and
nonacademic. In addition, "special topic" sub-
jects exist in most departments for which stu-
dents can arrange credit for individual work.

Some of the subjects offered for credit in IAP
1994 are listed below. Many other IAP activities,
both credit and noncredit, are organized each
fall. They are advertised in the lAP Preview,
distributed in early October, and in the more
complete IAP Guide, published in early
December.

Subjects are designated as U if they are for
undergraduates, and as G if they are primarily
for graduates. For additional details, refer to the
Guide to Subject Listings which introduces
Chapter VIII; for an explanation of credit hours
(units) assigned, refer to the section Subject
Credits and Designations in Chapter V.

2.672 Project Laboratory (U, 1-3-2)
2.701 Visual Communication in Design

(U, 2-3-4)
3.093 Hotter, Faster, Stronger, Cheaper:

Materials at the Frontiers of
Engineering (U, 1-0-2)

4.280 Architecture Internship
(U, units arranged)

6.294 Manufacturing with Filamentary
Composites (U, 0-3-0)

7.57J Genetics and Molecular Medicine
(G, 4-0-8)

8.20 Introduction to Special Relativity
(U, 2-0-7: REST)

8.221 Introduction to Computational
Physics (U, 2-2-2)

8.236 Phase Transitions and
Renormalization-Group Theory
(U, 2-0-4)

10.001 Introduction to Computer Methods
(U, 2-0-4)

10.491 Integrated Chemical Engineering 11
(U4-0-8)

10.988 Synthesis and Surface Chemistry
of Materials (G, 2-0-4)

12.115 Field Geology II (U, 0-18-0)
12.213 Alternate Energy Sources

(U, 1-4-1)
12.221 Geophysical Application of the

Global Positioning System
(U, 1-4-1)

12.310 An Introduction to Weather Fore-
casting (U, 1-1-4)

12.311 Experimental Oceanography
(U, 2-2-2)

12.411 Astronomy Field Camp (U, 0-6-0)
14.383 Econometrics II (G, 4-0-8; H-level

graduate degree credit)
14.731 Economic History (G, 3-0-9;

H-level graduate degree credit)
15.316 Organizational Leadership and

Change (G, 2-0-4: H-level
graduate degree credit)

16.610 Engineering Design Workshop
(U, 2-4-0)

17.903 Community Service: Experience
and Reflection (U, units arranged)

18.095 Mathematics Lecture Series
(U, 2-0-4)

21F 301 French I (U, 4-0-8; HASS)
21 F 401 German I (U, 4-0-8: HASS)
21 F 601 Russian I (U, 4-0-8)
21 F 701 Spanish I (U, 4-0-8; HASS)
21M 805 Theater Practicum (U, 0-5-1)
21W 794 Graduate Writing Skills Workshop

(G, 1-0-1)
22.921 Nuclear Power Plant Dynamics

and Control (G, 1-0-2)
22.922 Computer Modeling and

Visualization in Engineering Science
(G, 3-0-0)

HST 021 Musculoskeletal Pathophysiobiology
(G, 3-0-3; H-level graduate degree
credit)

HST 141 The Molecular and Biochemical
Basis of Some Clinical Disorders
(G, 4-0-6; H-level graduate degree
credit)

HST 191 Statistical Planning and Analysis of
Biomedical Investigations
(G, 3-0-3; H-level graduate degree
credit)

HST 201 Introduction to Clinical Medicine
and Medical Engineering I
(G, 0-20-0: H-level graduate
degree credit)

HST 230 Real Medicine (G, 1-3-2; H-level
graduate degree credit) [open only
to students in the departmental
program]

TOX 210 Experimental Toxicology
(G, 0-6-0; H-level graduate degree
credit) [open only to students in the
departmental program]

Organizing Activities

Nonacademic activities may be organized or
attended by anyone at the Institute, including
faculty, students, and employees. Students find
organizing IAP activities a rewarding challenge.
For many, it is their first opportunity to develop
and teach a program from their own ideas. In
doing so, they acquire organizational and
leadership skills that prove invaluable to their
careers.

The lAP Activities Planning Form offers tips on
organizing an activity, and provides an applica-
tion form for publicizing the activity in the /AP
Guide. Funds are available from the Institute
and individual departments and organizations to
help defray expenses. New and student-led
activities receive priority from the Institute's IAP
Activities Fund.

Tuition, Room, and Board

Full-time students in either the first or second
semester paying full tuition do not have to pay
additional tuition or room fees to the Institute
during IAP The meal plan now spans the entire
academic year and includes IAP

Academic Credit and Grades

In keeping with the generally unstructured
nature of IAP there is no formal registration
process. However, when the list of IAP activities
is published in the fall, students may be asked
to contact some faculty members in advance
because enrollments are limited in their sub-
jects. In addition to the organized activities,
students may make arrangements to earn credit
for independent work under faculty supervision.
The total credits a student can earn during IAP
is limited to 12 credit hours. Credits received by
freshmen during IAP are not counted toward
their credit limits for the spring or fall term.

All subjects giving credit during IAP are to be
graded following the grading system approved
for that subject number. A subject can be

graded P/D/F during IAP only if it has been
approved with P/D/F grading. Similarly, the
number of units awarded must be as specified
for that subject. Faculty sometimes offer newly
organized credit activities under special prob-
lem subject numbers for which credits are "to
be arranged."

In order for students to receive credit for work
done in IAR grades must be submitted to the
Registrar's Office by the deadline at the end of
IAP given in the academic calendar. If a grade is
received after Add Date of the succeeding term
and the student did not register in the subject
during IAR the student must petition in order to
receive credit. IAP credit will not be given if the
grade is received after the end of the succeed-
ing spring term.

Grade reports will be sent to students and to
their departments at the beginning of the spring
semester. Students who do not receive grade
reports when expected should check promptly
with their supervisors or the Registrar's Office to
be sure the grades are submitted and recorded.
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Veterans' Benefits

Full-time students receiving veterans' benefits
have been certified for the entire academic year.
Because the period between the first day of
winter vacation and the beginning of the second
term is more than a calendar month, Veterans'
Administration (VA) regulations require that IAP
be treated as a separate term, much the same
as Summer Session. To ensure uninterrupted

benefits for IAP students must notify the Stu-
dent Financial Aid Office, Room 5-119, (617)
253-4971, by December 1, of their intent to
attend IAP full time. Students must receive
credit, that is, a letter or P/D/F grade, to be
entitled to VA benefits. Anyone who receives VA
benefits for IAP but fails to earn six credit units
will have to return the money. Veterans should
make sure their instructors turn in their grade
sheets to the Registrar's Office at the end of IAP

.4".

4' : -?'

Special Students

Applications for special student status solely for
IAP will not be accepted. Special students
admitted to the fall or spring term do not auto-
matically have IAP privileges. Those admitted b,
the Director of Admissions must consult the
Admissions Office concerning their status
during IAP Former students readmitted as
special students by the Committee on Academ-
ic Performance (CAP) or the office of Under-
graduate Education and Student Affairs (UESA)
must consult the appropriate office for permis-
sion to participate in IAP If the special student
has paid full tuition during the first term or is
admitted to do so in the second, there will not
be an additional tuition charge for IAP If the
student has not been paying full tuition, he or
she will be charged either the minimum special
student fee or the amount necessary to bring
tuition for the term up to full tuition.

Special students wanting credit for IAP work
should consult the Registrar's Office, Room
E19-335, (617) 253-4781, if they were admitted
by CAP or UESA, or the Admissions Office if
they were admitted by the Director of
Admissions.

Student Exchanges

A one-for-one exchange between an MIT
student and a student from another school is
permitted during IAP provided the students
themselves assume responsibility for all ar-
rangements, travel expenses, and any additiona
tuition and living expenses. If the other school
waives tuition for the MIT student, MIT will
reciprocate. The MIT Admissions Office may
also waive the application fee if the other school
does so.

MIT students wishing to set up an exchange
should contact the IAP Office, Room 7-103,
(617) 253-1668. Students from outside MIT
should ask the appropriate office on their own
campus to contact the IAP Office. Because MIT
will not admit special students solely for IAP
students from other schools can attend IAP only
as part of a one-for-one exchange.

The Institute's regular cross-registration with
Wellesley College remains in effect during IAP
MIT students are encouraged to take advantage
of their flexible schedules during IAP to
participate in Wellesley's Wintersession. In
return, all Wellesley students are invited to join
IAP noncredit activities. Wellesley students who
cross-register during one of the contiguous
semesters may take credit subjects during IAP
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Admissions

Freshman Admissions

Secondary School Preparation

The majority of undergraduate men and women
enter MIT as members of the freshman class,
directly following completion of secondary
school studies. Most good public, parochial,
and independent secondary schools in the
United States and equivalent schools in other
countries provide suitable preparation for the
student who takes full advantage of the opportu-
nities that such schools afford. The efforts of
secondary schools to achieve regional accredi-
tation are encouraged by MIT

MIT expects that its applicants will have enrolled
in a broad, rigorous program in high school.
The applicant should be able to read with
intelligence and sensitivity and to express ideas
clearly in spoken and written form. In mathemat-
ics, emphasis should be on mastery of funda-
mental principles, operations, and definitions,
and on preparation for the study of calculus.
Work in the sciences should stress basic con-
cepts and quantitative understanding, both in
the classroom and in the laboratory. It is strong-
ly recommended that biology, chemistry, and
physics be taken as preparation for the fresh-
man year science subjects at MIT Study of
history and of a foreign language, in depth, is
also strongly encouraged.

Ideal preparation for MIT would include English
(four years), history and social studies (two or
more years), mathematics (four years, including
a strong preparation in algebra, plane geometry,
and trigonometry and including work in calculus
it the strong preparation has been achieved),
laboratory sciences (three or more years, prefer-
ably including biology, chemistry, and physics),
and a foreign language. However, interested
students whose high school program does not
match this curriculum in every detail are also
invited to apply.

Application Procedures

Applicants are encouraged to write for informa-
tion during their junior year. Candidates in their
last year of high school must complete the
application process by January 1 of the year of
intended entrance. Early Action (available to
citizens and permanent residents of the United
States, Canada, and Mexico only) has a Novem-
ber 1 deadline. There is a $50 application fee.
Notices concerning the admission decision will
be mailed in late March. MIT may limit enroll-
ment in particular fields of study to balance
resources with student interest.

Personal Conferences

Each applicant for admission to the freshman
class is required to have a personal conference
(interview) with a designated member of the MIT
Educational Council near the applicant's home.

Council members are MIT graduates who have
been selected for their ability to represent MIT
and for their interest in young people.

Each applicant will be referred for a conference
to a member of the council. This conference is
an essential part of the final application and
must take place between May 1 of the junior
year and December 15 of the year prior to
entrance.

Prospective applicants and their families are
welcome at the Admissions Office Monday
through Friday between 9:15 am and 5 pm.
Student-guided tours of the campus leave the
Information Center in the lobby of Building 7
each weekday (except holidays) at 10 am and 2
pm. Students and parents are welcome at the
Admissions Reception Center after the tour for a
group session with a member of the staff.

Project Interphase

Project Interphase is an eight-week, summer
residential program offered primarily to under-
represented minority students in the incoming
first-year class. The program focuses on
students' academic readiness and enhances life
skills. Students take calculus, physics,
chemistry, and writing classes, earning general
Institute credits upon successful completion.
Classes are taught by tenured professors, who
are assisted by MIT graduate and upperclass
students. Educational and recreational activities
round out the program components.

For more information, write to the Office of
Minority Education, MIT, Room 7-145, 77 Mas-
sachusetts Avenue, Cambridge, MA
02139-4307.

Deferred Admissions

Occasionally, students wish to take a year off
between secondary school and college. In such
cases, it is recommended that the student follow
normal admissions procedures, as if going
directly on to college, and then request defer-
ment. If during the deferred year students take
post-secondary school academic work approxi-
mating a full course load, they must reapply as
transfer students rather than matriculate as
deferred freshmen.

Advanced Placement

MIT has always encouraged students to move
ahead academically according to their capabili-
ties. There are four procedures by which stu-
dents entering from secondary schools may
receive credit and/or placement: the College
Board Advanced Placement Program; GCE
A-levels, the International Baccalaureate and
other foreign exams' college transcript: and
Advanced Standing Examination at MIT

Students who take college-level subjects of-
fered in their schools in cooperation with the
College Board Advanced Placement Program
should take the appropriate three-hour exami-
nations administered by the board each year in
May and instruct the board to send the scores
to MIT Degree credit for MIT subjects and,
where appropriate, advanced placement, is
given on the basis of a high achievement on the
tests (normally a score of four or five). High
scores on the humanities, arts. and socia
sciences tests will enable students to receive
credit (9 units) applicable to the unrestricted
elective requirements only. This credit does not
reduce the General Institute Requirements of
eight one-term subjects in the areas of
Humanities, Arts, and Social Sciences.

in some secondary schools, selected students
take college-level subjects at a local college.
Such students may submit an official transcript
from the college showing subjects taken and
grades earned in order to receive MIT credit
under the regular college transfer procedures.
Please consult the leaflet, Advanced Placement
and Degree Credit at Entrance for September
1993.

Students may be notified about the credit
offered before registration. If notification has not
been received, verify credit before registration
with the Director of Advanced Placement,
Admissions Office, Room 3-108.
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International
Undergraduate Admissions

Entrance Examinations

All candidates are required to take the following
tests: the SAT or ACT and three one-hour
Achievement Tests in Level I, Level II or Level
IIC Mathematics; Physics or Chemistry or
Biology: English or History.

Test requirements vary for international students.
See the section on Entrance Examinations for
International Applicants later in this chapter for
more details.

These examinations are offered in the principal
cities of the United States and abroad. The test
dates, locations, and fees for the SAT and
Achievement Tests are outlined in an Informa-
tion Bulletin that may be obtained from most
guidance offices or by writing directly to the
College Board. Box 6200, Princeton, New
Jersey 08541. Information about the ACT may
be obtained by writing to American College
Testing Service, Box 414, Iowa City, Iowa 52243.

Candidates for admission in September 1994
must have completed the SAT or ACT and the
three Achievement Tests by the January 1994
testing date. The SAT or ACT and three achieve-
ments may be taken on any scheduled test
date. Note that the closing dates for registration
are usually four to six weeks (five to seven
weeks outside the United States) before the test
date. Students should request that the testing
agency send all scores directly to MIT A student
taking physics or chemistry in the junior year
should probably take the achievement test in
that subject during the spring of that year.

Early Action

Early action is available only to citizens and
permanent residents of the United States,
Canada, and Mexico.

MIT requires a complete set of application
materials before considering a candidate for
admission. A student who takes all the required
tests by the November test date, completes the
interview by November 1, and files all of the
application material by November 1 of the
senior year may request the Committee on
Admissions to review the application by mid-
December. If the test scores, school grades
through the junior year, and other qualifications
are strong enough that the applicant will clearly
be accepted later, the committee offers admis-
sion immediately. If the committee wishes to
compare the application with those of other
candidates, it holds the application until the
usual time in March. A student who seeks early
consideration in this way is free to file applica-
tions at other colleges and, if offered admission
at MIT is not required to reply to the Institute
before the candidates' reply date in early May.
Therefore, this is not an early decision plan in
the usual sense.

The MIT undergraduate student body includes
many citizens of other countries. These students
normally join the freshman class after complet-
ing secondary school at the highest level.
Students are encouraged to plan on completing
the Higher School Certificate, the General
Certificate of Education at the Advanced Level,
the Baccalaureate, the Maturite, or the Abitur,
even though decisions on admission to MIT are
made in March, prior to the time when most
exams are normally taken.

All citizens of foreign countries, except foreign
citizens attending secondary schools in the
United States, should begin the application
process as outlined below.

/

Application Procedures

Students should write to the Office of Admis-
sions at least a year before they plan to enter
MIT for information about application proce-
dures. The Admissions Office will send a prelim-
inary application form, which should be re-
turned promptly. Final application materials will
be forwarded to those whose preliminary form is
approved. All documents must be completed in
English or accompanied by attested translations
of the original into English. In order to receive
consideration, the final application must be
completed and returned by January 1, and the
required tests (including, if appropriate, the Test
of English as a Foreign Language, TOEFL) must
be taken on or by the January test date. All
students are urged to register for the tests at
least six to eight weeks in advance of the testing
date.

Preliminary application forms or initial letters of
inquiry about admission received after Novem-
ber 1 will be too late for the next fall term.

Personal Conferences

Applicants will receive instructions about arrang-
ing a personal conference with a local MIT
alumnus or alumna. If no one is available in the
home area, the interview will be waived.

Facility in English

Lectures, laboratory sessions, and written or oral
examinations at MIT are conducted in English.
All applicants must present evidence of their
ability to carry on their studies in English.

Entrance Examinations for International
Applicants

The College Board tests listed in the section
Entrance Examinations are the required en-
trance examinations. If English is not the appli-
cant's native language, the following roup of
tests may be substituted: the Test of English as
a Foreign Language (TOEFL) and two Achieve-
ment Tests - Physics, Chemistry, or Biology -
and either the Math Level I, Level I or Level IC,
Achievement Test.

TOEFL is administered by the Educational
Testing Service. Students wishing to take the
TOEFL must do so no later than the January
test date, although an earlier test date is prefer-
able. Applicants may write directly to TOEFL,
Box 899, Princeton, New Jersey 08541, USA, for
registration material and information.
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College Transfer Admissions

Students who have completed a minimum of
one year and a maximum of two and one-half
years with high standing at a recognized
college, university, engineering school, or junior
college may be considered for transfer
admission.

A transfer student's eligibility for admission will
be determined by the Committee on Admis-
sions after a review of his or her record. MIT
may not be able to accept applications in a
given year for those departments whose
enrollments exceed educational resources. The
Admissions Office welcomes inquiry from all
transfer applicants.

A student contemplating transfer to MIT should
plan a program of studies to include as many as
possible of the mathematics, physics, biology,
chemistry, and humanities, arts, and social
sciences subjects as are included in the typical
first two years of MIT

Only one transfer application per student per
year is accepted.

Transfer applicants will be asked to take the
tests described in this chapter's section on
entrance examinations for freshman applicants if
they have not already done so. The SAT is not
required for transfer applicants. Transfer appli-
cants from foreign countries are admitted only
in September.

International transfer students should read
carefully the sections Entrance Examinations
and Entrance Examinations for International
Applicants in this chapter.

Application Procedures

College students considering transfer to the
Institute should file a preliminary application
three months before the final application dead-
line. These forms can be obtained from the
Admissions Office.

Applicants must submit the following
documents:

* A completed application for transfer admis-
sion, indicating all subjects that will have been
completed at the time of transfer, and a nonre-
turnable fee of $50. Final applications should be
submitted by March 15 for entry in September
and by November 15 for entry in February.

e A certified transcript of the college record to
date including a statement of good standing. A
certified statement covering subjects subse-
quently taken should be sent as soon as it is
available.

e Catalogue pages describing all subjects that
will have been completed.

* Three evaluation reports, including two from
faculty instructors and one from the Dean of
Students or the applicant's chief faculty advisor.

* A report from the secondary school at-
tended. The report should be made on the form

Srovided with the final application and should
e sent directly from the secondary school to

the Admissions Office.

* Standardized test reports, as appropriate.

Applicants will be informed of decisions six to
eight weeks after the application deadlines. In
some cases, action may be deferred until final
grades are available.

Students who wish to have transfer credit
posted to their MIT transcripts must complete
and submit their transfer credit form to the
Registrar's Office (with necessary signatures) no
later than the first few weeks of their entering
term. There will be a $30 late fee for forms
which are not completed by the end of the 11th
week of that term.

Applications for Financial Aid

Financial aid application materials are included
with final application forms.

Advanced Credit

Students admitted by transfer may expect to
receive credit for subjects of study completed
elsewhere (with a grade of C or higher) that
are substantially equivalent to corresponding
Institute subjects.

Applicants admitted with advanced standing in
architecture will be placed in the design se-
quence in accordance with their performance
on their first problem.

All remaining questions concerning credits must
be settled within two weeks after the opening of
the academic year. In these cases, the student
should consult the Admissions Office.

I
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Costs for Undergraduate
Students

Special Student Admissions

The Institute can accept a limited number of
undergraduates who wish to undertake special
studies and who are not degree candidates at
MIT but who have had at least one year of study
at another college or university. The students
enroll as special students; they enjoy most of
the privileges of the regular student but are not
eligible for campus housing or financial
assistance from MIT Students wishing to apply
for special student status should discuss
eligibility with a member of the Admissions staff.

Special student status is granted for one term
only, and a new application for this status is
required for any successive terms. Admission as
a special student does not carry any implication
for other applications. Applicants must present
academic credentials of high quality or evidence
of professional experience relevant to the pro-
posed program. Admission is subject to avail-
able places in the classroom, laboratory, or
studio.

The Director of Admissions will supply applica-
tion forms upon request. There is an application
fee of $50 for the first application it is not re-
quired for renewal applications within one
academic year.

Deadlines for filing applications are August 1 for
fall term, January 1 for spring term, and May 1
for summer term. Deadlines for international
student applicants are July 1 for fall term, De-
cember 1 for spring term, and April 1 for sum-
mer term. International students living abroad
are not permitted to apply for the summer term.

At-

I,-,

Undergraduate student costs for the academic
year 1993-94 at MIT will be about $27,050. This
includes tuition, and an estimate for the costs of
room and board, books, supplies, and personal
expenses. Cost of travel obviously varies signifi-
cantly and is not included. The cost of books
and supplies, clothes, laundry, recreation, and
other personal necessities vary widely, depend-
ing upon interests, tastes, and needs, but
typically total about $2,250. There are many
kinds of dining and housing arrangements at
MIT and the range of student expenses for
room and board is broad. The Student Financial
Aid Office uses a standard allowance of $5,800
for room and board. Thus, total costs for most
undergraduates during the 1993-94 academic
year will be in the range of $25,700 to $27,450
(excluding cost of travel), depending upon
specific choices.

The following are the basic tuition and fees at
MIT for the academic year 1993-94 (which are
reviewed and likely to increase each year):

Tuition $19,000

Hospital and Accident
Insurance Policy 600

Payment of the tuition fee entitles all regular and
special students to most health care services at
the MIT Health Services Center (Building E23) at
no charge. Students will be billed for completion
of pre-entry medical forms and immunizations,
obstetrical care, well-child care, routine eye
examinations, eyeglasses, elective podiatry,
orthotics, contact lens services, hearing aid
evaluations, ear piercing, dental care, braces,
appliances, missed appointments, contraceptive
devices, prescription drugs, and those surgical
procedures and outside diagnostie tests that
should be covered by the student's hospital and
accident insurance policy.

The MIT Student Insurance covers hospitaliza-
tion (other than the MIT Inpatient Service) due
to accidents or illness. The insurance is required
for all students, unless they can demonstrate
that they have comparable coverage through
another insurance program. Refer to the section
Medical Services in Chapter I for additional
details.

The tuition for all regular undergraduates in the
fall and spring terms is $9,500 per term. Full
tuition in either term of the current year covers
the January Independent Activities Period.
Tuition rates for the Summer Session are
published each year in the Summer Session
Catalogue available in March.

Regular undergraduate students who have
permission to take only a few subjects are
initially charged full tuition. They may then app,
to have their tuition charged at the rate of $305
per unit with the approval of the Faculty Advisor
and, if not a degree candidate, with the addi-
tional approval of the Dean for Undergraduate
Education and Student Affairs. In such cases,
there is a minimum fee of $1,830 for subjects
and a minimum of $795 for the S.B. thesis.
Upon recommendation of a department, the
Dean for Undergraduate Education and Student
Affairs, in the case of an undergraduate student
may set a special tuition rate in unusual circum-
stances.

Special students are charged at the rate of $305
per unit taken either for credit or not for credit.
This unit fee applies up to a maximum of $9,500
per term and is subject to the following
minimum fees:

Members of the MIT Community $1,830
(Includes special students who are
full-time employees of the Institute or
who are dependents of full-time
employees or regular students.)

Other Special Students 2.745

Internship and cooperative programs offered by
MIT provide industrial and research experience
through a series of work assignments inter-
woven with regular study at the Institute. The
tuition fee for each of the following programs is
$19,000.

Aeronautics and Astronautics,
Course XVI-B and Course XVI-C
Mechanical Engineering, Course l--B
Nuclear Engineering, Course XXII-A
Ocean Engineering, Course XIII-C
Electrical Science and Engineering or Computer
Science and Engineering, Course VI-A
Materials Science and Engineering, Course ll-B
In each case, the first $9,500 is due on the date
when the fall term tuition is normally due, and
the additional $9,500 is due on the date when
the spring term tuition is normally due. Upon
recommendation of the department, a special
tuition rate for any cooperative program may be
set in an unusual case. Light-load tuition adjust-
ments are not normally available to students
who are (or were) in cooperative and internship
programs.
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For Aeronautics and Astronautics, Course
XVI-B, students pay per unit tuition for eight
units of 16.66 during the regular term at the
plant.

A student withdrawing before the start of a term
is not charged any tuition for that term, and any
tuition payments previously made for that term
will be refunded. Students withdrawing durin
the fall or spring term are charged one-twelft
of the stated tuition for the term for each week
from the starting date of the term, with a mini-
mum two-week charge. A student is financially
obligated to the Institute for the tuition appropri-
ate to the program approved by his or her
Faculty Advisor at the beginning of the term.
Any subsequent reduction in fees is based on
the date that cancellation of subject or withdraw-
al from the Institute is effected. At that time, any
excess payments which the student has made
will be refunded.

If the student receives financial aid through one
of the Title IV federally based student financial
aid programs, and aid is reduced as a conse-
quence of the reduced tuition, the total amount
of Title IV aid (minus work earnings) is divided
by the total amount of aid awarded (minus
earnings), to determine the amount to be cred-
ited toward the student's charges and the
amount to be returned to the Title IV programs.

Miscellaneous Fees

The application fee for undergraduate
admission is $50.

The fee for late submission of registration
material is $30.

The fee for late filing of the degree application is
$30 ($60 if very late - see Academic Calendar in
Chapter 1).

The fee for late initiation of the registration
process or very late registration is $90.

Miscellaneous fees are nonrefundable unless
levied in error.

Processing Charges for Late Changes in
Registration

A late change in registration, which requires the
approval of the appropriate faculty committee, is
defined as adding a subject after the fifth week
or dropping a subject during the last three
weeks of a term. The processing charge for late
changes is $30 for one subject, or $35 for more
than one subject in a petition. There is an
additional charge of $30 for a retroactive change
after the end of the term.

Processing charges are nonrefundable unless
levied in error.
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Payment of Tuition and Other Charges

When an individual registers as a student at MIT,
he or she is agreeing to pay all charges on the
student's account when due, and is acknowl-
edging that the Institute may charge late
charges (or finance charges for bursary pay-
ment plan accounts), suspend registration, and
withhold the degree if these charges are not
paid.

The Bursar's Office gathers, bills, and collects
student charges and provides a student ac-
count statement of that activity. These charges
originate in the offices from which the student
receives Institute services. The student account
statement, mailed monthly when activity has
occurred on an account, will reflect the charges
(of tuition, fees, housing, library fees, etc.),
payments (by cash, financial aid, tuition awards,
etc.), additional amounts due, and payment
deadlines.

Payment in full or a satisfactory arrangement for
payment is due prior to the beginning of each
term, in August and January. If a student antici-
pates that he or she may not be able to pay the
entire account by the August or January dead-
lines, the payment options available from the
Bursar's Office should be considered. Participa-
tion in the Bursary Payment Plan allows an
installment payment arrangement over four
months each term (three months during the
summer). The interest rate is currently 067
percent per month (or 8.0 percent annual
percentage rate). The MIT Parent Loan Plan
allows parents to borrow funds for four years of
the student's educational expenses and to
extend the repayment over a longer period of
time. Currently up to $27,000 per year
($108,000 maximum) may be borrowed at a 9
percent annual percentage rate. Contact the
Bursar's Office in Room E19-215 or call (617)
253-4132 for the forms needed to participate in
these programs.

If a student fails to make satisfactory arrange-
ments for payment and has amounts outstand-
ing after a payment due date, that balance will
be subject to late fees of 1.5 percent per month
(or 18.0 percent annually). Additionally, out-
standing balances at the end of a term, includ-
ing Independent Living Group charges, may
prevent registration or graduation.

The staff of the Bursar's Office should be
contacted about the student account, funding
alternatives, payment options, long term
educational loans, or short term loans.
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Financial Aid

Grants, Loans, and
Employment

The Student Financial Aid Office provides grants
and loans based on the financial need of the
individual student, as determined by analysis of
a statement of family financial condition. This will
be provided by means of the Free Application
for Federal Student Aid (FAFSA) and the
Financial Aid Form and a separate MIT
application. A copy of the most recent parental
federal tax return is also required in support of
aid applications. A student applying only for
federal aid should complete only the Free
Application for Federal Student Aid.

MIT is fortunate in having received gifts from
many benefactors, alumni and alumnae, and
friends to help support the educational needs of
MIT students. The Student Financial Aid Office
reviews applications and makes awards from
the most suitable Institute grant and loan re-
sources.

Students are expected to work and/or borrow to
meet the first incremental portion of their need.
Student loan funds allow the student to pay
part of the costs of his or her education on
long-term credit under favorable financial terms.
However, loan fund capital is limited, and MIT
student loans are granted to meet systematically
calculated financial need only. Undergraduate
loans are provided from several sources, includ-
ing the Federal Perkins Loan Program, the
Federal Stafford Loan, and the Institute's own
Technology Loan Fund.

Jobs are not assigned: rather students are
expected to arrange employment most suitable
to their own talents and available time. The
Student Employment Office maintains listings of
positions to assist students seeking part-time
jobs during the term or full-time summer jobs.
Employment is usually available on campus in
dining facilities, residence halls, offices, libraries,
and laboratories. Listings for off campus posi-
tions are also available. Students' earnings from
part-time work depend on experience, and, of
course, availability of time.

All students considering MIT are strongly urged
to explore all areas of financial assistance,
including government scholarship and loan
programs. A number of states sponsor scholar-
ship programs for residents. and information
concerning eligibility may usually be obtained
from secondary school guidance counselors.
ROTC programs at MIT may also provide sub-
stantial scholarship support. The Federal Staf-
ford Loan Program for students and the Parent
Loan for Undergraduate Students Program are
administered through the Student Financial Aid
Office, but local banks and lending institutions
should be able to answer initial inquiries con-
cerning the availability of loans under these
programs.

Parents of students considering MIT might also
want to request additional information about the
Institute's Parent Loan Plan (briefly described in
the section Payments of Tuition and Other
Charges) and other long-term financing
options.
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Applications for Financial Aid

Entering Freshmen

Students who wish to be considered for finan-
cial aid should complete the appropriate form
included with the Application for Freshman
Admissions and Financial Aid. In addition, the
Free Application for Federal Student Aid
(FAFSA) and the Financial Aid Form (FAF)
appropriate to the applicant's state of residence
should be submitted to the College Scholarship
Service for full consideration of all MIT funds. An
application for admission is not prejudiced by
an application for aid: the two decisions are
entirely separate. Need criteria have no bearing
on admissions, and admissions criteria have no
part in determining qualifications for aid. There
is no reason to be deterred from applying to
MIT for admission and aid at the same time.

International Students

MIT has small amounts of grant and loan funds
that are made available to international under-
graduate students who demonstrate financial
need. International students who wish to be
considered for financial aid should complete
and return the appropriate form included with
their admissions material by the January date
specified.

Because financial aid funds are severely limited,
students should seek aid from sources other
than MIT International students should make all
arrangements for their financial obligations to
MIT for the entire stay in the United States
before leaving their countries.

1-11

Transfer Students

Transfer applicants who wish to be considered
for financial aid should complete the appropriate
form included with the Application for Admis-
sion with Advanced Standing.

Upperclass Students

MIT awards are made on an annual basis, and
recipients are required to reapply each year for
continued assistance in the following year.
Upperclass financial aid applications are sent to
the term addresses of current aid recipients in
mid February upperclass students who have
not been receiving assistance may also apply at
this time by obtaining the new forms from the
Student Financial Aid Office. Part of the applica-
tion process requires a copy of the most recent
parental federal tax return, and all applicants are
expected to apply for a state grant where appli-
cable, and for any and all renewable grants
received in prior years.

A student's eligibility for MIT undergraduate
grant funds will end when the student receives
an initial degree, or after the equivalent of eight
terms, whichever occurs first. Eligibility for Pell
Grants may continue beyond the eighth term,
under some conditions, but ends with receipt of
an initial degree.

Eligibility for undergraduate loans continues
through all undergraduate programs: of course,
a student becomes eligible for the higher loan
maximums that pertain to graduate students
upon admission to a graduate program.



62 Chapter IV

Chapter IV Graduate Education at MIT

i*P-

IA
IfwIm

J4

SN

Lil 1mi IIUlow



Graduate Education at MIT 63

r

I'



64 Chapter IV

Organization of the
Graduate School

For more than a century, the MIT Graduate
School has provided an ideal environment for
advanced study by faculty and students work-
ing together to extend the boundaries of knowl-
edge. The Institute has traditionally been a
national leader in engineering graduate educa-
tion, and its doctoral programs in mathematics,
and the physical and life sciences have also
attained national prominence. In addition,
top-ranked graduate programs in economics;
political science: linguistics; science, technolo-
gy. and society; architecture; urban studies: and
management have broadened the spectrum of
graduate education.

The most important factor in the effectiveness of
graduate programs at MIT is the quality of the
faculty. MIT is proud of its nationally and interna-
tionally recognized faculty of scholars and
academic leaders, who are also effective teach-
ers and research collaborators.

The broad scope and high uality of its gradu-
ate education have made MIT an international
leader. About a third of its graduate students
come from foreign nations. In recent years,
significant efforts have been made to increase
the numbers of minority and women students
attending MIT's graduate programs. This repre-
sentation of students from diverse backgrounds
contributes greatly to the richness of the MIT
community and to the excellence of the Gradu-
ate School.

Graduate education at MIT places special
emphasis on the relevanco of science and
technology to the complex problems of society.
Such problems frequently require an interdisci-
plinary approach involving expertise in several
different departments.

Extensive resources for graduate study have
developed naturally at MIT from a long tradition
of emphasis on contributions to new knowl-
edge. The wealth and diversity of teaching and
research resources are described in the depart-
mental sections in Chapter VII.

Although most graduate students find their
interest served by programs available within a
single department, many elect to work in inter-
disciplinary fields (described in Chapter VI),
which may reach into two or more departments
and involve work in any of MIT's laboratories.
Special committees provide guidance in certain
areas such as biomedical engineering, econom-
ics and urban studies, environmental engineer-
ing, instrumentation, management of technolo-
gy, medical engineering, medical physics,
operations research, technology and policy,
transportation, and health policy and manage-
ment. In other fields, interdepartmental pro-
grams are administered by ad hoc committees
appointed for each student and approved by
the Dean of the Graduate School.

MIT's libraries are a major resource for graduate
study. Comprehensive collections are available
in fields where MIT concentrates its teaching
and research efforts. Through participation in
the Boston Library Consortium, graduate stu-
dents, faculty members, and research staff have
access to collections outside the Institute.

Another resource for graduate study is cross-
registration in programs with Harvard University
and Wellesley College, and joint degree pro-
grams with the Woods Hole Oceanographic
Institution. Limited study opportunities are also
available at Brandeis University, Tufts University,
and Boston University.

Graduate students are encouraged to use MIT's
extensive athletic facilities. Teams composed of
both undergraduate and graduate students
participate in intercollegiate competitions and
the intramural athletic program.

Graduate students also share in the cultural and
social activities and recreational facilities at MIT
Concerts and dramatic performances are fre-
quently given by Institute groups and profes-
sional performers. Leaders in many fields give
on campus lectures and seminars, which are
open to all members of the Institute community.
MIT students also take advantage of the numer-
ous cultural and intellectual opportunities in the
Boston area, including free admission to the
Boston Museum of Fine Arts and the Museum
of Science. A more detailed description of
campus activities can be found in Chapter 11.

Independent Activities Period

During the January Independent Activities
Period (IAP), graduate students may pursue
their own interests, including thesis research
and preparation for qualifying exams. They also
may lead or participate in special activities
during this three and one-half week period.

Graduate students should read the section
Independent Activities Program in Chapter III of
this catalogue for details concerning academic
credit and grades, veterans' benefits, special-
student status, and student exchanges.

The Institute has a single faculty that is responsi-
ble for both undergraduate and graduate in-
struction. The administration of the Graduate
School rests with the President, the Provost,
and the Associate Provost of the Institute, the
Dean and Associate Dean of the Graduate
School, and the Committee on Graduate School
Policy, whose members include a faculty mem-
ber from each department offering graduate
degrees, and two representatives from the
Graduate Student Council.

Each department exercises a large measure of
autonomy for its graduate programs, under
general guidelines established for the Institute
as a whole. Each department has a departmen-
tal committee on graduate students, including
one or more graduate registration officers, to
administer department and Institute graduate
procedures.

More detailed information about the organiza-
tion, rules, regulations, and procedures of the
Graduate School is given in the Graduate
School Manual. Copies are available from the
Office of the Dean of the Graduate School,
Room 3-138, (617) 253-4860, and from depart-
ment graduate offices.



Graduate Education at MIT 65

General Requirements
for Graduate Degrees

Master's Degree

Graduate students may pursue work leading to
any of the following degrees: Doctor of
Philosophy (Ph.D.); Doctor of Science (Sc.D.);
engineer's degrees: Master of Science (S.M.);
Master of Engineering (M.Eng.): Master of
Architecture M.Arch.); and aster in City
Planning (M. .P). Graduate programs are
described in individual department statements
in Chapter VI I.

Each graduate student is officially enrolled in
one department or Course. The programs are
not limited, however, to subjects offered in a
single department. Subjects and research
programs may be chosen from several depart-
ments, given the approval of the departmental
faculty advisor to ensure that the overall pro-
gram is integrated and well balanced with
respect to a major field of study.

A student who expects to come to MIT for an
advanced degree after earning an undergradu-
ate degree elsewhere should give careful atten-
tion to undergraduate prerequisites as outlined
by each department or program elsewhere in
this catalogue. For more specific information, a
student should consult the department or
program in which he or she wishes to enroll.

MIT degrees are "residence" degrees in the
sense that a major portion of the work must be
done on campus in association with the faculty,
other graduate students, and the Institute com-
munity. The amount of time required to attain
any one degree varies.

Degrees are awarded by the Corporation of the
Institute upon the recommendation of the
faculty. Favorable faculty action is based upon
approval by the Committee on Graduate School
Policy on recommendations from the appropri-
ate departmental committees on graduate
students.

I

Master of Science With and Without
Specification

For the degree of Master of Science, the student
must have satisfactorily completed a program of
study of at least 66 units, of which 42 units shall
be H-Ievel (formerly A-level) subjects, and a
thesis, approved by the department in which he
or she is enrolled. If 34 units of H-level subjects
and the thesis are in a single approved pro-
gram, as determined by a departmental com-
mittee on graduate students, the degree will be
recommended with specification in this pro-
gram: otherwise, the degree will be recom-
mended without specification. The same high
standard of academic performance in a pro-
gram approved by a departmental committee
on graduate students is required for either
degree. (Please note that previous issues of the
MIT Bu/etin refer to H-level subjects as A-level.
See page 3D in Chapter VIII for further details.)

The choice of area of specialization must be
approved by the committee on graduate stu-
dents of the department in which the student is
enrolled. Approval of the entire program must
be obtained from this committee and from the
student's faculty advisor. A special interdepart-
mental committee, approved by the Dean of the
Graduate School, may be appointed to super-
vise a program in an interdepartmental field.

The satisfactory completion of the master's
degree requires the student to be in residence
as a full-time regular graduate student for a
minimum of one reguiar academic term (not the
summer session). Every degree candidate
working on a thesis must register for thesis in all
semesters during which his or her thesis re-
search or writing is actually in progress and
during the term his or her name appears on the
degree list.

Master of Engineering

To be awarded the graduate degree of Master of
Engineering (M.Eng.), the student must have
satisfactorily completed a structured program of
at least 90 units, consisting of 66 graduate
subject units, of which at least 42 units must be
in H-level subjects, and a thesis approved by
the department of the School of Engineering in
which he or she is enrolled. The candidate must
also have been in residence for a minimum of
one regular term.

Currently, the M.Eng. degree is offered only in
the Department of Electrical Engineering and
Computer Science. The Department of Aero-
nautics and Astronautics is likely to begin its
proposed M.Eng. program in the fall of 1995.

Master of Architecture

The graduate degree Master of Architecture is
awarded upon the satisfactory completion of a
program of study of at least 164 subject units
approved by the Department of Architecture, of
which 96 units must be in H-level (formerly
A-level) subjects, and the completion of a thesis
acceptable to the Department of Architecture.
The candidate must also have been in resi-

dence for a minimum of four regular academic
terms. A student who enters without previous
experience in a department of architecture may
take as long as eight academic terms to com-
plete the degree.

Master in City Planning

For the degree Master in City Planning, the
student must have satisfactorily completed a
minimum of 120 units, of which at least 42 units
must be H-level (formerly A-level) subjects. The
student must also have completed a thesis
acceptable to the Department of Urban Studies
and Planning, and have been in residence for a
minimum of two regular academic terms.

Simultaneous Registration for Two Master's
Degrees

Single Thesis. This degree plan is intended for
qualified graduate students who seek academic
recognition in two professional fields that,
although distinct, have a substantial interdisci-
plinary connection. The interdisciplinarity is
implemented in a balanced choice of academic
subjects, made with the advice of each of two
departments, and by selection of thesis topic.

To satisfy the minimum requirements for the
program, the student must complete (in addi-
tion to thesis units) at least 132 subject units, of
which 66 units are unique to each department.
At least 42 of each group of 66 units must be
gAraduate H-level (formerly A-level) subjects. In
t ose instances where, for a single regular
master's degree or program, a department or
program has established unit requirements in
excess of the foregoing minimums, the depart-
ment or program requirements prevail. Such
excess of units in one department may not be
applied to the program in the other department.

A student pursuing a Master in City Planning in
addition to a second master's degree must have
both programs approved in the usual way, but
the subject units for the M.C.P can be lowered
at the discretion of the Department of Urban
Studies and Planning.

Individuals who wish to ualify for a Master of
Science degree in Real state Development, in
addition to a Master of Architecture or Master in
City Planning degree, will be required to satisfy
all the subject requirements of each program.
Specifically, candidates for the Master of Archi-
tecture degree must take 164 subject units (of
which 96 units must be H-level subjects), and
Master in City Planning degree candidates must
take 120 subject units (of which 42 units must
be H-level subjects). Individuals who wish to
qualify for the master's degree in Real Estate
Development also must take at least 66 subject
units unique to this program, of which at least
42 units must be H-level (formerly A-level)
subjects. Students may submit a single thesis
provided it is acceptable to the graduate com-
mittees of each program. It is expected that
such dual degree candidates will be in resi-
dence at least one term longer than expected if
enrolled in a single degree program.
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Engineer's Degree Doctoral Degree

Participation in a dual degree program is limited
to students who are already registered in one
department and who meet the admissions
criteria of the second department. At least two
regular terms prior to completion of the pro-
gram, the student must submit to each depart-
ment a statement of educational objectives
along with a detailed program plan that includes
a description of the proposed thesis topic. The
total program must meet with the approval of
each department, and a petition approved by
the Dean of the Graduate School describing the
program must by filed with the Registrar.

The thesis research must be done under the
supervision of an approved member of one of
the two participating departments, with the other
department providing a thesis reader. The thesis
must be of superior quality. The single thesis
cannot be used to satisfy the thesis require-
ments of any additional graduate degree
programs.

In special cases, the standing committee of an
approved interdisciplinary program may act in
lieu of one of the two participating departments.

Two theses. Occasionally an individual, already
admitted to the Graduate School, may wish to
pursue simultaneously two distinct master's
programs, fulfilling the thesis requirement with a
separate thesis for each degree program. In
such cases, the usual unit requirements for
each program apply separately. Registration for
two degrees is contingent upon approval by the
second department of a request for admission.
Such a request can be initiated by a petition
approved by both departments and approved
by the Dean of the Graduate School.

Simultaneous Award of Bachelor's and
Master's Degrees

An undergraduate student of the Institute who is
enrolled as a candidate for the bachelor's
degree may be admitted by a department as a
candidate for the master's degree. Students
must register as graduate students for at least
one regular academic term (not the summer
session) to be recommended for the
simultaneous award of the bachelor's and
master's degrees. The thesis submitted for the
master's degree may also be accepted by the
department in fulfillment of the undergraduate
thesis requirement. if any. A student wishing to
pursue this type of academic program must
apply for graduate admission in the usual way.

The program for an engineer's degree requires
more advanced and broader competence in
engineering and science subjects than for the
master's degree, but with less emphasis on
original research than a doctoral program. In
general, the engineer's degree requires two
academic years beyond an undergraduate
degree.

The following engineer's degrees are awarded:

Chemical Engineer (Chem.E.)
Civil Engineer (C.E.)
Electrical Engineer (E.E.)
Engineer in Aeronautics and Astronautics

(E.A.A.)
Engineer in Computer Science (E.C.S.)
Environmental Engineer (Env.E.)
Materials Engineer (Mat.E.)
Metallurgical Engineer (Met.E.)
Naval Engineer (Nav.E.)
Nuclear Engineer (Nucl.E.)
Ocean Engineer (Ocean E.).

The requirement for such a degree is the satis-
factory completion of a program of advanced
study and research approved by the appropri-
ate department or interdepartmental committee
of the School of Engineering. The minimum
program consists of at least 162 subject units
(exclusive of thesis units) and the completion of
an acceptable thesis. The candidate must also
have been in residence for a minimum of two
regular academic terms. Every degree candi-
date working on a thesis is expected to register
for thesis in all periods during which the thesis
research or writing is actually in progress and
during the term his or her name appears on the
degree list. A department may accept a mas-
ter's thesis of superior quality for the engineer's
degree only if the student intends to use that
document to fulfill the requirements of a single
master's degree.

MIT offers the degrees of Doctor of Science anc
Doctor of Philosophy interchangeably in the
engineering and science departments (except
biology) and in the fields of medical engineering
and medical physics. The degree of Doctor of
Philosophy is awarded in architecture, biology,
brain and cognitive sciences, economics,
history and social study of science and technol-
ogy, linguistics, management, philosophy,
political science, urban studies and planning,
and from Whitaker College. These degrees
certify creditable completion of an approved
program of advanced study in addition to a
research dissertation of high quality based on
original research.

The two Institute requirements for a doctorate
are completion of a program of advanced study
including a general examination, and comple-
tion and oral defense of a thesis on original
research.

The course of advanced study and research
leading to the doctorate must be pursued under
the direction of the Committee on Graduate
School Policy for at least four academic terms.
In some cases, the required period of residence
may be reduced, but in no instance can it be
reduced to less than two regular academic
terms and one summer session.

A student is enrolled in a program of advanced
study and research approved by the depart-
ment. The thesis research is in this same area,
but the program often includes subjects reach-
ing into several departments. If the field requires
substantial participation by two or more depart-
ments, an interdepartmental faculty committee,
approved by the Dean of the Graduate School,
should be appointed to supervise the student's
program.

Each doctoral candidate must take a general
examination in his or her program of study at
such time and in such manner as the depart-
mental or interdepartmental committee ap-
proves. This examination consists of both oral
and written parts.

ThesIs

A doctoral thesis requires at least one full-time
academic year of research, but most doctoral
research efforts take a substantially longer time.
Each doctoral candidate is required to register
for thesis in all periods during which work is
actually in progress.

The investigation must be carried out under the
supervision of an MIT faculty member or senior
staff member approved by the department.
Work already accomplished elsewhere that has
not been approved by a department cannot be
accepted in fulfillment of the thesis requirement.
An oral examination on the thesis will be held
after it has been submitted and evaluated by the
examiners.
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Cross-Registration
at Other Institutions

Nonresident Doctoral Thesis Research Status

While doctoral thesis research is ordinarily
carried out while the student is in residence at
the Institute, on some occasions it may be
essential or desirable that the student be absent
from the campus during a period of his or her
thesis research or writing. Permission to be-
come a nonresident doctoral candidate must be
sought from the Dean of the Graduate School at
least one month prior to Registration Day of the
term during which the student wishes to register
in this category. Consult the Graduate School
Manual for additional information on nonresident
status.

Minor Program

Although there is no Institute requirement of a
minor for the doctoral degree, certain depart-
ments require that candidates take a number of
subjects outside their major field.

Language Proficiency Harvard University

There is no Institute language requirement;
however, several departments require that a
candidate be able to read or speak one or two
foreign languages with intermediate compe-
tence. A student may satisfy the requirement in
one of three ways: by fulfilling the requirement
before entrance by passing one or more inter-
mediate or advanced subjects with a grade of C
or better; through examination by the Foreign
Languages and Literatures Section; or by taking
a two-term subject in a language or languages
offered by the Foreign Languages and Litera-
tures Section. Depending on student demand,
the section offers a choice of two-term lan-
guage subjects, stressing the ability to read or
speak in French, German, Russian, or
Spanish.

For the purpose of the second alternative, the
section gives written examinations in French,
German, Russian, and Spanish twice a year at
the end of each term. Examinations in other
approved languages are arranged individually
upon request.

A re ular, full-time graduate student at MIT may
enrol to take subjects (exclusive of thesis) at
Harvard without paying additional tuition, pro-
vided that this enrollment does not exceed
one-half of his or her total registration for the
term. Included in the above category are MIT
full-time special graduate students. This coop-
erative arrangement is not applicable to the
summer session or IAP

Requests for registration under this cooperative
arrangement must be approved by the MIT
department of registration and should be con-
fined to subjects that are not offered at the
student's own institution. Students will not be
allowed to attend classes in which additional
registrants put an undue load on the instructors.
The procedures to be followed are given in the
Graduate School Manual. Grades earned in
Harvard subjects appear on the transcripts of
MIT graduate students as the closest equivalent
MIT grade.

Wellesley-MIT Exchange

Graduate students are eligible to participate in
the Wellesley-MIT Exchange Program. Welles-
ley courses are not considered H-level (former-
ly A-level) subjects, but may be accepted for
graduate credit toward a student's degree with
the approval of the department. For details
about the exchange, see the description of the
program in Chapter III of this catalogue.

Woods Hole Oceanographic institution

In conjunction with the Woods Hole Oceano-
graphic Institution (WHOI), MIT offers graduate
degree programs in oceanography and applied
ocean science and engineering. All decisions,
from admission to the conferring of the joint
degree, are made by consensus of MIT/WHOI
joint discipline committees. The programs in
oceanography involve the Departments of
Biology and Earth, Atmospheric, and Planetary
Sciences at MIT The applied ocean science and
engineerin9 programs involve the MIT depart-
ments of Civil and Environmental, Chemical,
Electrical, Materials Science, Mechanical, and
Ocean Engineering, Information regarding the
program may be obtained from the MIT Joint
Program Office or the Education Office at
WHOI.

Boston University

An arrangement for cross-registration purposes
has been made between the MIT Departments
of Economics and Political Science and the
African Studies Program of Boston University.
Details of the procedures to be followed are
similar to those for Harvard-MIT cross-
registration.

Brandeis University

A cooperative arrangement exists between the
MIT Department of Urban Studies and Planning
and the Florence Heller Graduate School for
Advanced Studies in Social Welfare at Brandeis
University. Cross-registration is restricted to one
or two subjects per term in the areas of social
welfare at Brandeis and urban studies at MIT

Tufts University

A cross-registration agreement exists between
MIT and the School of Dental Medicine at Tufts
University. The program is restricted to specific
graduate subjects at each institution.

4I
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Admissions

Regular Graduate
Admissions

A regular graduate student is an individual who
has been admitted to the Institute and is regis-
tered for a program of advanced study and
research leading to any of the post-baccalau-
reate degrees offered by MIT A student regis-
tered in a program of study leading to the
simultaneous award of the bachelor's degree
and master's degree must apply to the Gradu-
ate School and be registered as a graduate
student for at least one academic term (not the
summer session) of his or her program of study.

To be admitted as a regular graduate student, an
applicant must have received a bachelor's
degree or its equivalent from a college,
university, or technical school of acceptable
standing. Applicants are evaluated by the
department in which they propose to register on
the basis of their prior performance and
professional promise. These are evidenced by
academic records, letters of evaluation from
individuals familiar with the applicant's
capabilities, and any other pertinent data
furnished by the applicant. While high academic
achievement does not guarantee admission,
such achievement, or other persuasive evidence
of professiondl promise, is expected.

Some engineering departments require stu-
dents seeking a doctoral degree to qualify first
for a master's degree

Undergraduate Requirements for Advanced
Degrees

In addition to preparation in the specific field of
interest, most departments require significant
work in mathematics and the physical sciences,
but some require as little as a year of college-
level work in these disciplines. Requirements of
individual departments are given in Chapter VII
of this catalogue. Students with minor deficien-
cies in preparation may be admitted to the
Graduate School; however, deficiencies in
prerequisite or general or professional subjects
must be made up before the student can pro-
ceed with graduate work dependent on them.

Application Procedures

Students normally enter the Graduate School in
September. However, in several departments,
suitable programs can be arranged for students
entering in June or February. Prospective appli-
cants should check with individual departments
about their dates for admission.

Students wishing to enter in June or September
should apply on the prescribed forms by Janu-
ary 15 (exceptions to that deadline are noted ;n
the application packet); candidates for admis-
sion in February should apply by November 1.
However, applications submitted later may be
considered if vacancies still exist. Fees will not
be returned to late applicants, but may be
applied to an application considered in the next
term. Candidates for admission who are also
applicants for financial aid should observe the
same deadlines.

Applicants attending colleges or universities on
the semester system should apply before the
end of the fall semester for admission in June or
September and submit a transcript of fall grades
as soon as it is available.

Applications for admission should be requested
from the Director of Admissions, Room 3-103,
MIT, Cambridge, MA 02139-4307. A $50 appli-
cation fee must accompany all application
forms; applications without the fee will not be
accepted. Note that the Sloan School of Man-
agement and the Departments of Chemistry,
and Urban Studies and Planning should be
contacted directly for application forms. For the
Master's Program in the Sloan School, the
application fee is $100 if applying from the
United States and $120 if applying from over-
seas. All inquiries regarding graduate admission
to the Sloan School are sent to the director of
the master's or doctoral program, whichever is
appropriate, Room E52-112, MIT, Cambridge,
MA 02142-1347.

Applications for readmission after an absence of
five years or more must be approved by the
Dean of the Graduate School as well as the
department.

Notification about admission for September is
sent as soon as action is taken (usually before
April 1); for February applicants, notification

usually is sent as soon as the application is
complete. Admission of a student who is in the
final year of work toward a bachelor's degree
may be conditionally approved until subsequent
evidence is provided that the degree has been
awarded.

Inquiries about specific requirements for
admission should be addressed to the chair of
the appropriate departmental committee on
graduate students.

Examinations

Many departments require applicants to submit
scores on the Aptitude Test and the appropriate
Advanced Test of the Graduate Record Exami-
nation. The requirements specified by the de-
partments are included in the MIT graduate
application material. For a test application, write
to the Graduate Record Examination, Education-
al Testing Service, Box 955, Princeton, New
Jersey 08540.

The Sloan School of Management requires that
all applicants, including those from foreign
countries, take the Graduate Management
Admissions Test (GMAT). For the locations and
dates at which this test may be taken, write to
GMAT, Educational Testing Service, Princeton,
New Jersey 08540.

10 A
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International Graduate Special Graduate
Admissions Student Admissions

A special graduate student is one whose
intended program of study is essentially
graduate in nature but who is not a candidate
for an advanced degree. Normally, such a
student will have received a bachelor's degree.
All applications are made through the
Admissions Office. Applications for the specific
subjects will be evaluated and approved by the
Graduate Committee of the appropriate
department or departments. Admission is valid
only for one term a student must seek
readmission each term to continue at the
Institute. Those applying for special graduate
student status for the first time must pay a $50
application fee. A new fee is required after two
terms. To be allowed to continue as a special
graduate student, satisfactory academic
performance must be maintained.

The term deadlines for filing special student
applications are:

"IR

Graduate student applicants who are citizens of
countries other than the United States must
have received a bachelor's degree or its equiva-
lent from a college, university, or technical
institute of acceptable standing. The academic
record and all credentials must indicate the
ability of the candidate to complete the ap-
proved program of graduate study and re-
search. Applicants are evaluated by the aca-
demic departments. Admission is granted on a
competitive basis. Competence in written and
spoken English is expected.

Students whose native language is not English
and whose schooling has not been predomi-
nantly in English, must submit scores from the
Test of English as a Foreign Language (TOEFL).
TOEFL is administered by the Educational
Testing Service. Students wishing to take the
TOEFL should do so no later than the Novem-
ber test date. A score of 577 is the minimum
considered acceptable. (Write directly to the
Educational Testing Service, Princeton, New
Jersey 08540, USA, for registration material and
information.)

The Graduate Application for Admission for
International Students may be obtained from the
Director of Admissions, Room 3-103, MIT,
Cambridge, MA 02139-4307, or, in the case of
the Sloan School, from the director of either the
master's program, Room E52-112, or the
doctoral program, Room E52-Penthouse.
Applicants must submit complete application
materials to the appropriate office.

Please refer to the previous section concerning
individual departmental requirements for the
Graduate Record Examinations.

Summer
Fall
Spring

May 1
August 1
January 1

Deadlines for international special student
applicants are:

Summer
Fall
Spring

April 1
July 1
December 1

International students living outside the United
States are not permitted to apply for the
summer term.

Applicants whose native language is not English
must submit the Test of English as a Foreign
Language (TOEFL) as noted in the section on
International Graduate Admissions. A score of
577 is the minimum considered acceptable. The
1-20 or IAP-66 will not be issued for subject
registration of less than 36 units.

Admission as a special graduate student does
not imply any commitment on the part of the
Graduate School toward an individual's admissi-
bility to regular graduate student status. If a
special graduate student is subsequently ad-
mitted as a degree candidate, subjects com-
pleted may be used in partial fulfillment of
requirements for an advanced degree. The
department will determine what subjects are
acceptable. Registration as a special graduate
student does not count toward minimum resi-
dency requirements for an advanced degree
nor for eligibility for nonresident status.
Correspondence concerning admission as a
special graduate student should be addressed
to the Director of Admissions, Room 3-103,
from whom application material and Information
for Special Students may be obtained.

Graduate Student Status for Research Staff
Members

In view of their full-time responsibilities on
assigned research and their corresponding
salary scales, Institute research staff or em-
ployees of the Lincoln Laboratory, or the
Charles Stark Draper Laboratory may not be
full-time regular graduate students, but may,
under certain conditions, be granted the status
of special graduate student. However, a re-
search staff appointee or an employee of the
Lincoln Laboratory or the Draper Laboratory
who desires to work for an advanced degree
must be admitted as a regular graduate student
and must complete the residency and other
requirements of the degree program to which
the individual has been accepted. This individu-
al may not continue to hold a research staff
appointment, nor include any work completed
while employed as part of the thesis for an
advanced degree.

Any research staff appointee and any employee
of the Lincoln Laboratory or the Draper Labora-
tory may, by written permission from the direc-
tor of the division (or his or her designate),
apply for admission as a special graduate
student for enrollment in one subject only per
term (but not thesis), either as a listener or for
academic credit. Acceptance for such en-
rollment will be granted if, in the opinion of the
instructor, the individual is qualified to undertake
the subject and if section size permits. For this
type of enrollment, the student will be assigned
to an appropriate registration officer and will
pay, whether as a student or listener, the fee
established at the special student rate.

Other Employment

A graduate student may not interrupt an
academic program to accept employment on
the academic, administrative, or research staff,
or as an hourly employee at MIT, the Lincoln
Laboratory, or the Draper Laboratory either
during the academic year or the summer,
without the approval of the department head
and the appropriate academic Dean, and unless
the work as an employee is unrelated to the
student's thesis research. A thesis release form
indicating such approval must be submitted to
the appropriate Personnel Officer to effect such
employment. A graduate student may not
include in his or her thesis any material based in
whole or in part upon work done while holding
an academic or research staff appointment.
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Costs for Graduate Students

The basic tuition and fees at MIT for the aca-
demic year 1993-94 (which are reviewed and
likely to increase the next year) are as follows:

Tuition $19,000

Hospital arid Accident
Insurance Policy $600

Payment of the tuition fee entitles all regular and
special students to most health care services at
the MIT Health Services Center (Building E23) at
no charge. Students will be billed for completion
of pre-entry medical forms and immunizations,
obstetrical care, well-child care, routine eye
examinations, eyeglasses, elective podiatry,
orthotics, contact lens service, hearing aid
evaluations, ear piercing, dental care, braces,
appliances, missed appointments, contraceptive
devices, prescription drugs, and those surgical
procedures and outside diagnostic tests that
should be covered by the student's hospital and
accident insurance policy.

The MIT Student Insurance covers hospitaliza-
tion (other than the MIT Inpatient Service) due
to accidents or illness. The insurance is required
for all students, unless they can demonstrate
that they have comparable coverage through
another insurance program. For further
information, see the section MIT Student Blue
Cross and Blue Shield Hospital Insurance in
Chapter 11.

The tuition for all regular students, including
graduate student staff, in the first and second
terms is $9,500 per term, except for students in
the Sloan Master's Program for whom the tuition
is $10,250 per term. Full tuition in either term of
the current year covers the January Indepen-
dent Activities Period. The minimum term tuition
charge for registration for doctoral thesis upon
readmission as a resident student is $14,250 if
not registered during the preceding regular
term.

The tuition for all regular graduate students,
including fellows, trainees, and academic staff in
the 1993 summer session was $6,360. Special
tuition rates apply to other students in the
summer session. These are published each
year in the Summer Session Catalogue available
in March.

Special students (except in the Sloan School of
Management) are charged at the rate of $305
per unit whether taken for credit or not. This unit
fee applies up to a maximum of $9,500 per term
and is subject to the following minimum fees:

Members of the MIT Community $1,830
(Includes special students who are full
time employees of the Institute or who are
dependents of full-time employees or
regular students.)

Other Special Students

Any resident graduate student making progress
toward a degree is expected to register and is
considered a full-time student. If a graduate
student requires only part of a term to complete
the thesis, full tuition for the term is charged,
and adjustments to tuition are made at a later
date. If the student was registered for thesis as a
resident student in the immediately preceding
term, regular or summer, tuition for thesis will be
adjusted after acceptance by the department of
the completed document on the basis of a
charge of $795 per week from the starting date
of the term, with a minimum of $795 for the
master's or engineer's degree and $1,590 for
the doctoral degree. If the immediately preced-
ing term was the summer term and if the gradu-
ate student was not registered for thesis in that
summer term, but was registered for thesis in
residence in the previous second term, the
minimum tuition for thesis is $4,750.
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A student who continues to hold a fellowship,
traineeship, or graduate staff appointment for
the remainder of the term after delivery of the
thesis continues to be regarded as a full-time
student and the tuition will not be adjusted. In
unusual circumstances, the Dean of the Gradu-
ate School may set special tuition rates for
graduate students.

Doctoral thesis research is ordinarily carried out
while the student is in residence at the Institute.
However, on some occasions, it may be essen-
tial or desirable that the student be absent from
the campus during a period of his or her thesis
research. Permission to become a nonresident
doctoral candidate must be sought from the
Dean of the Graduate School at least one month
prior to the opening of the term during which
the student wishes to register in this category.
Prior to submission, the request must be ap-
proved by the student's thesis supervisor and
by the representative to the Committee on
Graduate School Policy from the student's
department of registration. Students who are
permitted to undertake nonresident thesis
research must register as nonresident doctoral
candidates and pay tuition equal to approxi-
matel 15 percent of the regular full tuition
($1,425 per term for 1993-94). Following com-
pletion of the nonresident period, the student
must return to resident status for completion
and presentation of the doctoral thesis. If the
student requires only part of this first term back
in residence to complete the thesis, the tuition
will be adjusted subject to a minimum of
$4,750. Please consult the Graduate School
Manual for additional information on nonresident
status.

Cooperative programs offered by MIT provide
industrial and research experience through a
series of work assignments interwoven with
regular study at the Institute. The tuition fees for
cooperative programs are as follows:

Chemical Engineering Practice, Course X-A
$9,500/term
Aeronautics and Astronautics, Course XVI-C
Electrical Science and Engineering or Computer
Science and Engineering, Course VI-A
Materials Science and Engineering, Course Ill-B
Mechanical Engineering, Course Il-B
Nuclear Engineering, Course XXII-A
Ocean Engineering, Course XIII-C
$19,000

In each case, the first $9,500 is due on the date
when the fall term tuition is normally due, and
the additional $9,500 is due on the date when
the spring term tuition is normally due.

The tuition fee for special graduate students in
the Sloan School of Management (except for
employees of the Institute or their children) is
$494 per unit of registration, with a minimum
charge of $4,446. There is a maximum charge
of $15,375 per term for full-time special gradu-
ate students enrolled in the program. Students
interested in the Management of Technology
Program should consult the Sloan School of
Management with regard to fees.
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A student withdrawing before the start of a term
is not charged any tuition for that term and any
tuition payments previously made for that term
will be refunded. Students withdrawing during
the first or second term are charged one-twelfth
of the stated tuition for the term for each week
from the starting date of the term, with a mini-
mum two-week charge. A student is financially
obligated to the Institute for the tuition appropri-
ate to the program approved by his or her
faculty advisor or graduate registration officer at
the first of the term. Any subsequent reduction
in fees is based on the date that cancellation of
a subject or withdrawal from the Institute is
effected. At that time, any excess payments
which the student has made will be refunded

Graduate Living Costs

Living expenses for graduate students vary
widely depending on such factors as marital
status, availability of resources, interests, and
tastes. Monthly living costs (housing, food, and
personal expenses) are $1,255-$2,200 for a
single graduate student, $1,600-$3,085 for a
married graduate student, and $1,740-$3,380
for a married graduate student with one child.
These cost estimates do not include tuition,
books, or the Hospital and Accident Insurance
Policy. Campus housing for graduate students
is limited and less than half of the graduate
student population can be accommodated in
Institute housing. On campus dining opportuni-
ties are available to graduate students.

Miscellaneous Fees

Miscellaneous fees include the following:

Application fee for graduate admission

Application fee for Master's Program
in SIoan School of Management

Domestic applicanis
International applicants

Late submission of registration material

Late initiation of registration process
or very late registration

Fee for doctoral degree language exam
(given at an unscheduled time)

Fee for late filing of degree application
($60 if very late - see Academic Calendar
in Chapter 1)
Fee for late thesis title change

Library processing fees
Doctoral theses
All other theses for advanced
degrees

$50

0

Processing Charges for Late Changes in
Registration

A late change in registration, which requires the
approval of the appropriate faculty committee, is
defined as adding a subject after the fifth week
or dropping a subject during the last three
weeks of a term. The processing charge for late
changes is $30 for one subject or $35 for more
than one subject in a petition. There is an
additional charge of $30 for a retroactive change
after the end of the term.

The miscellaneous fees and processing charges
listed above are nonrefundable, unless levied in
error.

Payment of Tuition and Other Charges

When an individual registers as a student at MIT,
100 he or she is agreeing to pay all charges on the
120 student's account when due, and is acknowl-

edging that the Institute may charge late
charges (or finance charges for bursary pay-

30 ment plan accounts), suspend registration, and
withhold the degree if these charges are not
paid.

90 The Bursar's Office gathers, bills, and collects
student charges and provides a student ac-

30 count statement of that activity. These charges
originate in the offices from which the student
receives Institute services. The student account

30 statement, mailed monthly when activity has
occurred on an account, will reflect the charges
(of tuition, fees, housing, library fees, etc.),
payments (by cash, financial aid, tuition awards,

60 etc.), additional amounts due, and payment
deadlines.

Payment in full or a satisfactory arrangement for
payment is due prior to the beginning of each
term, in August and January. New charges and
credits that occur after the initial statement will
appear on a subsequent statement. If a student
anticipates that he or she may not be able to
pay the entire account by the August or January
deadlines, the payment options available from
the Bursar's Office should be considered.
Participation in the Bursary Payment Plan allows
an installment payment arrangement over four
months each term (three mohths during the
summer). The interest rate is currently 0.67
percent per month (or 8.0 percent annual
percentage rate). The MIT Parent Loan Plan
allows parents to borrow funds for four years of
the student's educational expenses and to
extend the repayment over a longer period of
time. Currently, up to $27,000 per year
($108,000 maximum) may be borrowed at a 9
p ercent annual percentage rate. Contact the

ursar's Office in Room E19-215 or call (617)
253-4132 for additional information and
enrollment forms.

if a student fails to make satisfactory arrange-
ments for payment and has amounts outstand-
ing after a payment due date, that balance will
be subject to late fees of 1.5 percent per month
(or 18.0 percent annually). Additionally, out-
standing balances at the end of a term, includ-
ing Independent Living Group charges, may
prevent one's registration or graduation.

The staff of the Bursar's Office should be
contacted about student accounts, payment
options, funding alternatives, Ion -term
educational loans, or short-term loans.

40
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Financial Aid

Fellowships, Traineeships,
and Scholarships

MIT makes available financial support to gradu-
ate students from a variety of sources and in
several different forms -fellowships, scholar-
ships, traineeships, teaching and research
assistantships, on campus employment, federal
loans, and the Technology Loan Fund. Many
forms of support are granted solely on the basis
of merit, while others are granted on the basis of
financial need or a combination of merit and
need.

Neither a department nor the Institute itself has
the financial resources to provide support for all
deserving students. Thus, it is important that
prospective students explore all sources of aid
available outside MIT to find means of financing
their graduate programs.

Information on fellowships and other financial
aid resources is available from individual
departments and the Office of the Dean of the
Graduate School, Room 3-138. Information on
loans is available from the Student Financial Aid
Office, Room 5-119.

At MIT, fellowships and traineeships differ from
scholarships. A fellowship award to a graduate
student covers full or partial tuition, and also
provides a stipend to help defray living ex-
penses. In the context of the Graduate School, a
scholarship covers full or partial tuition only.
Although most awards are made on the basis of
academic merit, financial need is a factor in
some instances. Recipients must be enrolled as
regular resident students.

Insofar as fellowships, scholarships, and
research and teaching assistantships provide for
tuition payments, these funds are nontaxable.

When fellowships are less than tuition and an
accompanying stipend exists, a portion of the
stipend may be applied against the remaining
tuition, and that portion excluded from taxable
income (provided that the terms of the fellow-
ship do not preclude this). Expenses for books,
supplies, and equipment required for courses
may also be excluded from taxable income.
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On the other hand, stipends accompanying
teaching assistantships are taxable regardless of
the amount of nontaxable tuition provided.

The Institute annually receives funds from
individual and corporate donors for the support
of fellowships and scholarships. In addition,
government agencies and private foundations
provide grants and fellowships -often directly to
outstanding students for use at institutions of
the student's choice. But occasionally these
funds are directed to MIT for Institute designa-
tion of recipients.

Applicants to the Graduate School who seek
financial support from any of the fellowships,
traineeships, or scholarships administered by
MIT including those granted by national agen-
cies and foundations for award by the Institute,
should check the appropriate items on the
regular Application for Admission to the Gradu-
ate School. Applicants will be considered for
awards for which they are eligible after they
have been accepted into a graduate program.
Currently enrolled graduate students who seek
financial support should consult with the appro-
priate departmental office.

Applications for fellowship aid for the academic
year, beginning in June or September, must be
filed by January 16. Applications for fellowship
aid filed after this date are considered only if
funds are available. Final action on applications
is taken on the recommendation of departments
to the Graduate School at the end of March,
after the announcement of awards to applicants
by the national agencies and foundations under
their national competitive programs. A student
who wins such a fellowsnip may be eligible for
only a supplementary award in accordance with
MIT's guidelines. For further information on
these guidelines, please see the Graduate
School Manual.

In accordance with a resolution of the Council
of Graduate Schools in the United States (en-
dorsed by most graduate schools), a student
has until April 15 to accept or decline an offer. If
a student does not reply to an offer by this date,
it may be cancelled.

Every student holding a fellowship, traineeship,
or scholarship for graduate study at the Institute
must register as a full-time regular graduate
student for the period of the award. If a student
withdraws from the Institute before tenure
expires, the award must be relinquished, and
the student will be required to refund any sum
already paid to the extent that the Dean of the
Graduate School deems appropriate.
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Teaching and Research Loan Funds Other Employment
Assistantships Opportunities

MIT employs about 600 graduate students each
year as part-time instructors or teaching assis-
tants to assist the faculty in grading undergradu-
ate quizzes, instructing in the classroom and
laboratory, and conducting tutorials.

The departments regard seriously the benefits
of a teaching assistantship as a preparation for a
career in university teaching. Each year, the
Institute offers a prize, the Goodwin Medal, for
conspicuously effective teaching by a graduate
student.

The units for which an instructor or teaching
assistant may register as a student are deter-
mined by the department in light of the stu-
dent's assistantship duties, program of study,
and compensation.

Appointments to teaching assistantships are
made upon recommendation of the head of a
department. A student who wishes to be con-
sidered for a teaching appointment should write
to the department. Only full-time graduate
students who are candidates for advanced
degrees may be appointed. A Free Application
for Federal Student Aid (FAFSA) is required for
all teaching assistants who are United States
citizens or permanent residents.

Each year about 2,500 graduate students at MIT
hold appointments as research assistants. The
principal duty of a research assistant is to con-
tribute to a program of departmental or interde-
partmental research.

Most students welcome the opportunity to
participate as junior colleagues of the faculty in
an ongoing research project that frequently
influences their choice of thesis topic. Appoint-
ments to research assistantships are made by
the department head to full-time students who
are candidates for advanced MIT degrees.

The units for which a research assistant may
register are determined by the department in
light of duties and program of study. Research
assistants are compensated on the basis of time
devoted to their research. In all cases they must
pay full tuition.

Teaching and research assistants receive
stipends for the services that they provide; these
stipends are taxable income that is subject to
withholding tax. Teaching and research
assistants also receive a nontaxable tuition
scholarship.

Students who receive financial support from
other sources (fellowships, scholarships, etc.)
may receive supplementary stipends as teach-
ing or research assistants in accordance with
.nstitute and departmental guidelines.

A graduate student's first recourse for loan
assistance should be through the Federal
Stafford Student Loan (Stafford Loan) Program.
To establish one's eligibility for this need-based
loan, it is necessary to file a Free Application for
Federal Student Aid (FAFSA) through a federal
processor and the MIT Graduate Loan Applica-
tion. The maximum loan per year is $8,500, and
interest (which is subsidized while a student is
enrolled at least half-time) for first-time Stafford
Loan borrowers is variable and is currently 6.94
percent. Massachusetts banks will lend to
residents of any state. Generally, students
should apply with lenders from whom they have
already taken a Stafford Loan. Where a student
qualifies for the maximum loan, MIT, as an
authorized lender under the Massachusetts
Stafford Student Loan Program, can make the
loan. Application forms and details of the appli-
cation procedure may be obtained at the Stu-
dent Financial Aid Office, Room 5-119.

For need remaining after a maximum Stafford
Loan has been obtained, the Federal
Supplementary Loan for Students (SLS) and the
nonfederal MIT Technology Loans may be
available. In determining need for this program,
as well as the Stafford Loan Program, MIT
compares student resources available including
assets, using appropriate student budgets.
Need is determined within limits based on those
budgets. Technology Loans have 8.0 percent or
12.0 percent interest and require a credit-
worthy comaker.

Other loans that are not based on financial need
are available through outside agencies or from
the Student Financial Aid Office.

International Students

Students who are not United States citizens or
who do not possess a permanent resident visa
are not eligible for federal loans, nor are they
eligible for MIT loans during their first year at
MIT International students must be prepared to
meet their expenses for the first year without
recourse to loans from the Institute. Continuing
international students should have a reasonable
plan to meet expenses at MIT, which must not
be limited to MIT loans. All loans will require a
credit-worthy comaker who is a citizen or
permanent resident of the United States or
Canada.

Employment is available both on campus and
off. The Student Employment Office, Room
5-119, keeps up-to-date listings of job oppor-
tunities which are open to graduate students.
Some positions are available directly through
administrative offices on campus. Graduate
students who hold full-time research or teach-
ing assistantships or who receive full support on
fellowships or traineeships usually are not
eligible for such employment. The Office of the
Dean of the Graduate School should be con-
sulted for approval before undertaking such
employment.

International students may work on campus, but
may require special permission from the United
States government to work off campus. Citizens
of other countries should consult the interna-
tional student advisor in the Office of the Dean
for Undergraduate Education and Student
Affairs before accepting employment.

Graduate Residents

Regular resident graduate students who have
completed at least one graduate year at MIT or
new students who have been MIT under-
graduates may apply to the Dean for
Undergraduate Education and Student Affairs
for positions as graduate residents. Such
positions provide room and board but no
stipend.
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Academic Procedures

Registration

Complete information on registration proce-
dures may be found in the "MIT Registration
Information," available each term to continuing
students in December and May in the Building
10 Lobby. After this time, the packet is available
in the Registrar's Office, Room E19-335. Addi-
tional details may be found in the Guide for
Undergraduates and Faculty Advisors and the
Graduate School Manual.

Procedure for Retention of Student
Status at MIT

Once admitted (or readmitted) to MIT, a person
becomes a student at the start of the term for
which he or she was admitted. Regular student
status is retained until graduation, unless the
student withdraws or is disqualified. For the fall
and spring terms, undergraduate and graduate
students must complete the following steps in
order to retain their student status during that
term:

* Registration material issued by the Registrar
must be completed and returned according to
instructions

* All Institute and Independent Living Group
charges must be paid when due, or satisfactory
alternative arrangements must be made with the
Bursar or the Independent Living Group;

* Registration forms must be approved by the
student's faculty advisor or registration officer
and returned to the Registrar's Office by the
deadline:

* The identification validation sticker must
be picked up by the student according to
instructions.

If a student has begun the registration process
but wishes to withdraw, he or she must notify
the office of Undergraduate Education and
Student Affairs if an undergraduate his or her
registration officer if a graduate student: and in
addition the International Student Office if an
international student.

A person wishing to be reinstated as an under-
graduate must apply for readmission through
the office of Undergraduate Education and
Student Affairs. A person wishing to be rein-
stated as a graduate student must apply for
readmission through the Admissions Office and
the student's registration officer. International
students also need to be cleared by the Interna-
tional Student Office.

People on campus who are not registered
during a term are not considered students and
have no student privileges.

Undergraduate and graduate students regis-
tered in the spring term and who have not
graduated or withdrawn retain their student
status throughout the following summer,
whether or not they register for the summer
session, and cease being students if they do
not register in the fall (although the rules for

student status with regard to loan repayment are
somewhat different). Graduate students making
progress toward a degree during the summer
must register for the summer session in accor-
dance with the Graduate School regulations.

Registration Procedures

Students register for their subjects on Registra-
tion Day at the beginning of each term. New
graduate students should pick up fall term
registration material during the summer in the
Registrar's Office, E19-335, by the deadline.

All students at MIT are assigned an advisor.
Advisors to freshmen are MIT faculty and staff,
assigned at the beginning of the freshman year.
(Freshmen may change advisors through the
Undergraduate Academic Support Office, Room
7-104.) Upperclass undergraduates who have
declared a major are assigned a departmental
advisor. Each graduate student is assigned to a
faculty member in his or her department who
also serves as the student's registration officer.
Each student's program must be approved by
his or her advisor, and changes may be made
only with the advisor's approval.

All subjects to be taken during the current term,
including thesis, cross-registration with Welles-
ley, and ROTC, should be listed on the
Registration Form. A separate procedure is used
for cross-registering with Harvard. The units for
independent study and thesis subjects should
be indicated. The units for thesis are listed as
laboratory units.

A third-year or fourth-year undergraduate
student who wants to take an elective subject
using the junior-senior P/D/F option should
indicate a "P" beside the subject on the regis-
tration form. The subject is then graded on a P
D, or F basis (where P means C or better per-
formance). The faculty advisor and student must
be sure that the subject designated for P/D/F
grading is not used to fulfill a Departmental,
Writing, Minor, or General Institute Requirement,
and that the student does not take more than a
total of two subjects under this option during his
or her junior and senior years, until the under-
graduate program is finished. The P/D/F option
is not available to students for graduate degree
credit.

Correction (Add/Drop) cards signed by the
student's faculty advisor for undergraduates and
registration officer for graduate students should
be used for all changes in registration after
Registration Day. The specific deadlines for
such changes are listed in the academic calen-
dar, found in Chapter I of this catalogue. The
instructor's signature is also required if a subject
is added after the first week of the term. All
Add/Drop cards should be hand delivered by
the student to the Registrar's Office, Room
E19-335, or Room 3-123.

The Registrar's Office sends out a Status of
Registration Form to every student during the
fourth week of the term. Additional status forms
are sent out at three-week intervals to every

student for whom the Registrar has received a
correction card since the previous set of status
forms was issued. These forms list the student's
program as it is recorded in the Registrar's
Office. This confirms the student's registration
and helps to identify any discrepancies. A final
status form is sent during the tenth week to all
students.

Please note that the Institute holds each student
fully responsible for checking the accuracy of
his or her initial registration form and any subse-
quent Add/Drop cards submitted to the
Registrar's Office, for ensuring that the Registrar
is provided with a correct current mailing ad-
dress, and for carefully reviewing each Status of
Registration Form generated by the Registrar to
make sure that it accurately reflects his or her
registration. Steps to eliminate any discrepan-
cies should be taken promptly by the student.
The student should keep copies of the original
registration form and all subsequent correction
cards and Status of Registration Forms as
evidence of having followed these procedures.

If an undergraduate wishes to add or drop a
subject or to make or change a P/D/F designa-
tion after the deadline dates, the student must
petition the Committee on Academic Perform-
ance (CAP), Room 7-104. Graduate students
must petition the Office of the Dean of the
Graduate School. Such petitions are not auto-
matically approved.

An undergraduate student who wishes to
withdraw during a term or arrange for a leave of
absence must see a dean in the Student Assis-
tance Services Section of the Dean's Office,
Room 5-106. Graduate students should consult
their registration officer, department graduate
office, or the Office of the Dean of the Graduate
School. International students should also
consult the International Student Office.

In order to receive a degree, a student must
submit to the Registrar's Office an S.B. Degree
Application or Advanced Degree Application by
the deadline established in the academic calen-
dar for each term. A degree will not be awarded
unless all financial obligations to the Institute are
clear and there are no pending disciplinary
actions.

Credit Hours and Designations for Subjects

The credit hours (units) for each subject indi-
cate the number of hours spent each week in
class and laboratory, plus the estimated time
that the average student spends each week in
outside preparation, for one regular term. Each
subject is listed with three credit numbers,
showing in sequence the units allotted to class
laboratory, design, or fieldwork: and preparation.
Each unit represents about 14 hours of work per
term. The total unit credit for a subject is ob-
tained by adding together all the units shown.
The units for each subject are indicated in the
subject descriptions listed in Chapter VIII.
Additional information regarding subject desig-
nations may be found in the Explanatory Notes
which introduce Chapter VIII.
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Final Examinations

Final examinations are held at the end of each
term: the schedule is issued several months
before the examination period. Please note that
each student is held responsible for obtaining
an examination schedule at the Information
Center, Room 7-121: reporting any conflicts in
examinations to the Schedules Office, Room
E19-338, in the Office of the Registrar before
the time limit given on the examination sched-
ule; and attending the final examinations
required in the subjects for which he or she is
registered.

Absence from any final examination is equiva-
lent to a failing grade except on presentation of
adequate evidence of sickness or other valid
reason for the absence. The Dean for Under-
graduate Education and Student Affairs (for
undergraduates) or the Dean of the Graduate
School (for graduate students) may permit a
student whose term work has been satisfactory
to take the next scheduled examination on the
subject. The instructor may, if the evidence
warrants, issue a final grade without requiring a
postponed final examination.

Policy for Emergency Closing during Final
Exams or on Registration Day

Every effort must be made to give final exams as
scheduled during the final examination period.
Because students have included the final exam
in their planning for the subject, faculty mem-
bers may not choose to cancel exams: they
must give the exam as scheduled, or as resche-
duled in the event the Institute is closed
because of snow or other emergency (see
below).

* In case of inclement weather during exams,
getting to MIT may be difficult for individuals
involved with proctoring an exam. Thus, it is the
responsibility of the department and the faculty
member in charge to provide in advance for
alternate staff who are physically at MIT and who
have access to the written exam questions.
Exam proctors will accommodate late student
arrivals to the extent possible.

* In case of emergency closing or delayed
opening during exams, students, faculty, and
staff can call (617) 258-8378 (258-TES to get
up-to-date information during exam week. In
the event of an emergency closing or delayed
opening, callers receive specific instructions
regarding rescheduled exam times and
locations. The SNOW line (253-SNOW) refers
callers to 258-TEST for exam information.
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Grades

e If the Institute is closed, the exams
scheduled during that period are postponed to
the next available "contingency" exam periods,
usually evenings 6-9 pm through the last day of
the exam period, and either the second day of
IAP (fall exams) or the day following the exam
period (spring exams). If MIT has a delayed
opening, for example, 10 am, then the starting
times for exams is delayed. Details are given on
the telephone line 258-TEST.

* Students who miss exams given at the
rescheduled times will be excused faculty
should submit the interim grade 0, to which an
"X" will be added routinely. These students will
take a postponed final exam given near the
beginning of the next regular term.

If the Institute is closed during part or all of
Registration Day, students, faculty, and staff can
call (617) 258-8378 to get up-to-date informa-
tion regarding rescheduled registration activities.

Policy on Evening Exams/Quizzes In
Undergraduate Subjects

An evening exam is defined as a written exer-
cise (quiz) that is not given in a regular class
period and begins at or after 7:00 pm. It must
be the equivalent of a quiz that could be given
in a normal one-hour class period. The duration
of an evening exam may not exceed two hours.

* It is the intent of the faculty that evening
exams be used only to ease the time pressure
on students of one-hour exams given during a
regular class period, and not as a means of
adding to the number of class periods in a term.
Therefore, during the week that an evening
exam is given, a regularly scheduled class hour
(lecture or recitation) shall be cancelled; or,
alternatively, no homework shall be assigned for
that week.

* There is a need for times when evening
classes and undergraduate seminars can be
scheduled free from potential conflict with
evening exams. Therefore, no evening exams or
review sessions are to be scheduled on Monday
evening, and faculty are urged to avoid
scheduling exams and review sessions on
Wednesday evening.

* When possible, evening exams should be
scheduled through the Registrar's Office three
weeks before Registration Day so that dates can
be included on students' class schedules for
planning purposes during the registration
process. In any event, faculty must announce
the schedule of any evening exams during the
first week of the term.

e Students who have a conflict between a
scheduled evening exam and other scheduled
academic or extracurricular activities will be
provided with an exam at an alternate time.

Undergraduate Academic Standards

The Committee on Academic Performance
(CAP) sees that the minimum academic stan-
dards proposed by the individual departments
for undergraduate students are consistent
throughout the Institute and conform to the
rules and regulations approved by the faculty. In
view of the individual nature of student aca-
demic performance, the CAP does not establish
rigid standards of academic performance to be
used throughout the Institute. The Institute
generally expects undergraduate students to
complete the requirements for a single S.B.
degree in four years; this establishes a normal
load of subjects at approximately 45-48 units of
credit per term. Normally, however, the CAP
accepts a minimum academic record of at least
36 units of credit with a term rating of 3.0 or
above (on a 5.0 scale) at the end of any regular
term, unless the Committee has specifically
notified an individual student that a higher level
of performance is required. (The latter would
only occur as a result of previously poor per-
formance.)

In cases where these criteria are not met, the
CAP considers each student's academic per-
formance on an individual basis. Consideration
is given not only to the grades received in the
various subjects for which the student is regis-
tered, but also to the total number of subject
units, the nature of the subjects themselves, an:
those factors in the student's own personal
situation that may have affected his or her
academic performance in a given term. More
detailed information concerning the procedures
followed by the CAP at the end of term in
reviewing the academic records of undergradu-
ate students is given in the Guide for
Undergraduates and Faculty Advisors. This
booklet is published by the CAP Undergraduate
Academic Affairs, and the Registrar's Office
approximately every four years. Copies are
given to all freshmen. Additional copies may be
obtained from the CAP Office, Room 7-104,
(617) 253-4164.

For Title IV purposes, an undergraduate stu-
dent is considered to be making satisfactory
progress as long as at least 33 units per term
have been completed with a term rating above
3.0 at the end of any regular term. All under-
graduates whose performance falls below this
standard will be considered, for Title IV pur-
poses, to be under CAP review during the
subsequent term. A student will be considered
to be making satisfactory progress unless the
CAP withdraws permission for the student to
continue.
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Graduate Academic Standards

it is the responsibility of the Committee on
Graduate School Policy (CGSP) to monitor
minimum academic standards for graduate
.students and special graduate students in
accordance with the rules and regulations of the
faculty. The CGSP reviews the academic re-
cords of all graduate students at the end of
each term (including the summer session),
giving particular attention to students with
cumulative ratings below 3.5 to 4.0. Considera-
tion is given to low grades and factors affecting
a student's ability to meet the requirements for
the degree program in which he or she is
enrolled.

Recommendations for action by the CGSP are
made by departmental graduate committees.
Unless extenuating circumstances are found,
students who are not making satisfactory pro-
gress towards a degree may be denied
permission to continue or may be warned that
without substantial improvement the following
term, they may be refused further registration in
the Graduate School.

More detailed information concerning proce-
dures followed by CGSP may be found in the
Graduate School Manual. It is also important for
students to be informed of individual depart-
ment requirements and expectations
concerning academic performance.

For Title IV purposes, a graduate student is
considered to be making satisfactory progress
as long as his or her cumulative grade point
average exceeds 4.0, and if the number of
terms of enrollment does not exceed five for a
master's candidate or 10 for a Ph.D. or Sc.D.
candidate. Graduate students whose perform-
ance falls below this standard will be
considered, for Title IV purposes, to be under
CGSP review during the subsequent term. A
student under CGSP review will be considered
to be making satisfactory progress if the CGSP
does not withdraw permission for the student to
continue.

Grades

The grades to be used for undergraduate and
graduate students who satisfactorily complete
the work of a subject by the end of the term are
as follows.

A
Exceptionally good performance demonstrating
a superior understanding of the subject matter,
a foundation of extensive knowledge, and a
skillful use of concepts and/or materials.

B
Good performance demonstrating capacity to
use the appropriate concepts, a good under-
standing of the subject maher, and an ability to
handle the problems and materials encountered
in the subject.

C
Adequate performance demonstrating an ade-
quate understanding of the subject matter, an
ability to handle relatively simple problems, and
adequate preparation for moving on to more
advanced work in the field.

D
Minimally acceptable performance demonstrat-
ing at least partial familiarity with the subject
matter and some capacity to deal with relatively
simple problems, but also demonstrating defi-
ciencies serious enough to make it inadvisable
to proceed further in the field without additional
work. Some departments may require students
with D-level performance in certain prerequisite
subjects within the departmental program to do
additional work before proceeding with the
follow-on subject, which could include retaking
the prerequisite.

P
When use of the passing grade P is authorized,
it reflects performance at any of the levels, A, B,
or C, with the student graded on a P/D/F basis.

The following notations are used by the Regis-
trar for satisfactory completion of work in the
circumstances indicated.

S
Notation for credit awarded for work done
elsewhere.

SA
Notation for satisfactorily completed doctoral
thesis. Doctoral theses are not graded.

The grades and notations to be used for sub-
jects not passed or not completed are as
follows.

F
Failed. This grade also signifies that the student
must repeat the subject to receive credit.

0
Absent. This grade indicates that the student
was progressing satisfactorily during the term
but was absent from the final examination or
absent during the last two weeks of the term, or
both. An 0 grade carries no credit for the
subject. Unsatisfactory performance because of
absence throughout the term should be re-
corded as F.

Ox
Absence satisfactorily explained to and excused
by the Dean for Undergraduate Education and
Student Affairs in the case of an undergraduate
student or by the Dean of the Graduate School
in the case of a graduate student. The faculty
member in charge of the subject will be notified
when an 0 is changed to an OX. An OX carries
no credit for the subject. However, the faculty
member in charge must provide the student the
opportunity to receive a credit-carrying grade.
This may be done with or without the instructor
requiring a postponed final examination or other
additional evaluation procedure.

DR
A notation to be used only on the student's
internal record for a subject dropped after the
fifth week of the regular term.

Incomplete. The grade I indicates that a minor
part of the subject requirements has not been
fulfilled and that a passing grade is to be ex-
pected when the work is completed. The grade
I for the term remains permanently on the
student's record even when the subject is
completed. A typical example of a "minor
portion of the work required" might be a paper
or a laboratory report. The work is to be com-
pleted before the end of the fifth week of the
succeeding term of the regular academic year.
but the deadline may be extended with explicit
approval of the faculty member in charge.
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End-of-Term Regulations

Graduate students must petition the Office of
the Dean of the Graduate School to record a
grade after a deadline. For undergraduate
students, if the work is not completed before the
end of that term (with the exception noted
below), the I grade will be changed to the
notation R on the internal grade report and the
student must register for and repeat the subject
in order to receive credit. When completion of
the subject requires resources which are nor-
mally but not continuously available, this must
be indicated on the form reporting the I grade
and the work must be completed in the earliest
term in which the resources are available.

J
A notation assigned for work such as thesis,
UROR or "At Plant" registration (internship or
industrial practice), which has progressed
satisfactorily, but has not been completed.
Grade given upon completion of the work in a
later term also covers this term. Faculty mem-
bers must obtain approval from the Committee
on Curricula or the Committee on Graduate
School Policy to use the grade of J in subjects
other than those mentioned above.

U
A notation for thesis work that has not been
completed and in which progress has been
unsatisfactory. Grade given upon completion of
the work in a later term also covers this term.
Unless a student's progress improves signifi-
cantly, the student may expect that grade to be
failing.

T
Temporary notation. It is used for subjects
which cover the equivalent of one term's work,
but are scheduled over parts of two normal
grading periods. Prior approval must have been
obtained from the Committee on Curricula for
undergraduate subjects or the Committee on
Graduate School Policy for graduate subjects.
This notation is recorded only on the student's
internal record. A permanent grade must be
assigned when the subject is finished.

The Faculty Regulations governing end-of-term
examinations and assignments, together with
the Faculty Policy Committee's interpretation,
are described below. They apply both to under-
graduate and graduate subjects.

e During the first three weeks of classes,
instructors are asked to provide a clear and
complete description of the requirements in
each subject, including the due dates for
required work and the schedule of examinations
during the term. Major assignments should be
assigned early enough to allow students the
opportunity to manage their time effectively
throughout the term.

* In accordance with the Departmental
Guidelines Relating to Academic Honesty, it is
the instructor's responsibility early in the term to
inform students of expectations regarding
permissible academic conduct. Particular
attention should be given to such questions as
joint work on homework assignments, and the
use of prior years' materials in completing
problem sets, lab reports, and other
assignments.

& Final examinations are held during the final
examination period following each term, and
must be scheduled through the Office of the
Registrar, as well as announced to the class,
before the end of the third week of the term.
The final examination scheduled in any subject
can last from one hour to three hours.

* For each subject that has a final exam, no
examination may be given and no assignment,
term paper, or oral presentation may fall due
during the six days preceding the Reading
Period. The scheduled time for a final exam
cannot be changed once it has been officially
published; inquiries about limited exceptions to
this policy should be directed promptly to the
Registrar.

* Each subject in which no final exam is given
may have at most one of the following during
the six days preceding the Reading Period:
either a one-hour quiz may be given during a
regularly scheduled class period or one
assignment (term paper, lab report, take-home
exam, problem set, oral presentation, etc.) may
fall due. (A quiz of one and one-half hours is
allowed, but only if done within a regular class
period,)

* It is inappropriate for comprehensive
examinations (exams covering most of the
term's work) to be given at any time other than
during the final exam period.

* No classes, examinations, or exercises of
any kind may be scheduled beyond the end of
the last regularly scheduled class in a subject,
except for final exams scheduled through the
Registrar's Office. Any formal reviews of
subjects should be held during regular class
periods, but the rule does not exclude the
possibility of sessions after the last day of
classes at which the instructing staff is available
to answer questions of students who choose to

attend. (The architecture design reviews that
occur during finals week are considered to be
equivalent to final examinations and are
scheduled by the Department of Architecture.)

* No assignment, of any kind, may be given
that falls due after the last regularly scheduled
meeting of the class for that subject. This does
not prevent an instructor from giving an
extension to an individual student, but an
extension should not need to be given to the
majority of the class.

* Any departure from these rules requires
permission of the CAP for undergraduate
subjects or the CGSP for graduate subjects.
Any such approved exception will be
announced early in the term and emphasized
appropriately. Asking students to vote on some
deviation from the rules is not an acceptable
procedure.

Faculty or students with questions regarding the
interpretation or application of any of these
provisions should contact the Chair of the
Faculty or request the assistance of the CAP,
Room 7-104, (617) 253-4164.

I
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Institute Regulations

Policies and Procedures

MIT assumes that all students come to the
Institute for a serious purpose and expects them
to be responsible individuals who demand of
themselves high standards of honesty and
personal conduct. Disappointments in this
expectation have been rare. Therefore, it is
MIT's policy to have as few rules and regula-
tions as are consistent with efficient
administration and general welfare.

Fundamental to the principle of independent
learning and professional growth is the require-
ment of honesty and integrity in conduct of
one's academic and nonacademic life. Mainte-
nance of a healthy living and learning
environment requires that all members of the
community exercise due respect for the basic
rights of one another.

Academic Honesty

Cheating, plagiarism, unauthorized collabora-
tion, and other forms of academic dishonesty
are considered serious offenses for which
disciplinary penalties can be imposed.

Some academic offenses by students can be
handled directly between the faculty member
and the students involved. In some cases, it
may be necessary for the department head to
review, or otherwise to assist in, the resolution of
the matter. When a dispute cannot be resolved
satisfactorily within the department, a complaint
against a student can be brought to the Com-
mittee on Discipline, or the office of
Undergraduate Education and Student Affairs,
as explained in the section on Complaint and
Disciplinary Procedures.

Student Absence for Religious Observances

Massachusetts state law regarding student
absence due to religious beliefs has been
adopted by the Institute as follows:

Any student who is unable to attend classes or
participate in any examination, study, or work
requirement on a particular day because of his
or her religious beliefs is excused from any
such activity. The student will be given the
opportunity to make up the work that was
missed, provided that the makeup work does
not create an unreasonable burden upon MIT

The Institute will not levy fees or charges of any
kind when allowing the student to make up
missed work. In addition, no adverse or prejudi-
cial effects will result because students have
made use of these provisions.

Institute Policy on Harassment

MIT's current policy on harassment appears as
an addendum to Policies and Procedures (3.16
Policy on Harassment). Also, the policy ap-
peared in the September 30, 1992 issue of Tech
Talk, and is available via TechInfo, MIT's public
information service on the campus network.

"Harassment of any kind is not acceptable
behavior at MIT it is inconsistent with the com-
mitment to excellence that characterizes MIT's
activities. MIT is committed to creating an
environment in which every individual can work,
study and live without being harassed. Harass-
ment may therefore lead to sanctions up to and
including termination of employment or student
status.

Harassment is any conduct, verbal or physical,
on or off campus, which has the intent or effect
of unreasonably interfering with an individual's
or group's educational or work performance at
MIT or which creates an intimidating, hostile or
offensive educational, work or living
environment.

Some kinds of harassment are prohibited by
civil laws or by MIT policies on conflict of inter-

est and nondiscrimination (see relevant sections
of Policies and Procedures).

Harassment on the basis of race, color, gender,
disability, religion, national origin, sexual orienta-
tion or age includes harassment of an individual
in terms of a stereotyped group characteristic,
or because of that person s identification with a
particular group.

Sexual harassment may take many forms.
Sexual assault and requests for sexual favors
which affect educational or employment deci-
sions constitute sexual harassment. However,
sexual harassment may also consist of un-
wanted physical contact and requests for sexual
favors, visual displays of degrading sexual
images, sexually suggestive conduct, or offen-
sive remarks of a sexual nature.

The Institute is committed under this policy to
stopping harassment and associated retaliatory
behavior. All, MIT supervisors have a responsibil-
ity to act to stop harassment in the areas under
their supervision.

General complaint procedures are described in
Section 3.33. Guidelines that give detailed
suggestions for dealing with complaints are
available from the Office of the Provost.

Any member of the MIT community who feels
harassed is encouraged to seek assistance and
resolution of the complaint. To implement the
policy on harassment, MIT provides a variety of
avenues by which an individual who feels
harassed may proceed. These procedures are
intended to assure confidentiality, prevent
retaliation, and achieve prompt resolution of
complaints while protecting the rights of the
person bringing the complaint and of the per-
son accused of harassment."

ell
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Institute Policy on Hazing

In accordance with Massachusetts state law
(Chapter 536), the Institute has adopted the
following policy statement on the crime of
hazing.

The term hazing is defined by law as "any
conduct or method of initiation into any student
organization, whether on public or private
property, which willfully or recklessly endangers
the physical or mental health of any student or
other person." Such conduct includes but is not
limited to beating; whipping; branding; forced
calisthenics: exposure to the weather: forced
consumption of any food, liquor, beverage, drug
or other substance: or any other brutal treat-
ment or forced physical activity that may affect
the physical health or safety of the person.

According to the law, anyone identified as the
principal organizer as well as any participant in
the crime shall be punished by a fine of not
more that $1,000 or by imprisonment for not
more than 100 days, or both.

Any person witnessing a hazing incident must
report the incident to the MIT Campus Police.
Failure to make such a report is punishable by a
fine of not more than $500.

The heads of all student organizations receive a
copy of the law from the office of Undergradu-
ate Education and Student Affairs at the time of
fall registration and are required to sign an
acknowledgment stating they have received a
copy. Anyone desiring a copy of the law should
contact the office.

MIT considers acts of hazing to be extremely
serious offenses to the community and will treat
offenders accordingly. The MIT Interfraternity
Conference has also developed its own policy
on hazing, which is applicable to all fraternities,
sororities, and independent living groups.

Policy Regarding the Use of Alcohol

MIT observes all laws and regulations governing
the sale, purchase, and serving of alcoholic
beverages by all members of its community and
expects that these laws will be adhered to at all
events associated with the Institute. This in-
cludes activities on the MIT campus, in MIT
independent living groups, and at off campus
functions sponsored and supported by MIT or
any of its affiliated groups.

A reference guide to existing state laws is avail-
able from the Advisor to Student Activities. The
Institute strongly encourages all faculty, staff,
and students to become familiar with these laws
and to consider the associated penalties and
other potential risks that can result from viola-
tions. Included in these laws are those that
govern driving under the influence of alcohol,
the purchase of alcohol by and for persons
under the legal drinking age, and the serving of
alcohol to persons who are either under age or
intoxicated. It should be noted that the drinking
age in Massachusetts was raised to 21 years on
June 1, 1985.

A more detailed policy statement on the use of
alcohol, including the Institute's Residence/Ori-
entation alcohol policy, is available in the office
of Undergraduate Education and Student
Affairs.

Policy on Pornography

The policy on pornography was adopted by the
Academic Council in February 1990, and will be
in effect for three years. After that point, if the
showing of pornography in public places should
continue to be a problem, the Academic Coun-
cil will initiate a new process of community
review to determine what the subsequent policy
should be.

It is the policy of MIT that no pornographic films
shall be shown in common areas at the Institute,
including classrooms, lecture halls, corridors,
and common spaces in MIT dormitories. Noth-
ing in this policy is intended to restrict the right
of students to show pornographic films in the
privacy of their own rooms. Exceptions to this
policy will be made for screening done for
educational purposes as part of a class or other
organized educational activity, or in connection
with disciplinary proceedings under this policy.

Pornography is difficult to define with precision,
because many factors influence the character of
a film. The intent of this policy is to exclude films
whose primary theme is to condone the subor-
dination or abuse of any person through
substantial use of sexually explicit material.

The following characteristics, especially in
combination, would be indicative of pornogra-
phy as defined here: subjects are presented in a
dehumanized way as sexual objects, things, or
commodities: presented as sexual objects who
enjoy humiliation; presented as experiencing
sexual pleasure in being raped: presented as
sexual objects tied up, cut, mutilated, bruised,
or physically abused in other ways.

Films abusive of women are of particular con-
cern both because of their preponderance, and
because the incidents at MIT that have caused
the most disruption of student lives have in-
volved material of this type.
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Any member of the Institute community may
bring a complaint of any violation of this policy
in accordance with normal Institute procedures,
including recourse to the office of Undergradu-
ate Education and Student Affairs (UESA) and
the Committee on Discipline (COD). If there is
doubt about whether or not a film is porno-
graphic, UESA and the COD may, in appropriate
situations, choose to invite members of the
community to give their views on the question
of whether it falls within the above definition of
pornography. The UESA or the COD shall then
decide in accordance with this policy whether
or not a violation has occurred. If the UESA or
the COD finds that a violation has occurred, it
shall determine appropriate sanctions as in
other cases of misconduct.

Anyone who wishes to show a film, but is uncer-
tain as to its pornographic content, has the
option to ask for an advisory opinion in advance
from the UESA.

Other Personal Conduct

All members of the MIT community are ex-
pected to conduct themselves with proper
respect for one another and for each other's
property.

Improper use of Institute property or facilities,
including keys, computers, telephones, and so
forth, or misuse of MIT's name, or violation of
Institute regulations, may result in disciplinary
proceedings within the Institute, or legal pro-
ceedings outside of MIT, or both.

Off campus misconduct is not a basis for MIT
action unless the Institute considers such mis-
conduct to be a violation of the standards of
behavior expected of members of the MIT
community that makes it appropriate for the
Institute to review the matter. The Institute
reserves the right to determine its jurisdiction on
a case-by-case basis. Student status in no
sense renders an individual student immune
from the jurisdiction of civil or criminal courts
and other governmental authorities. MIT actions
will take into account applicable law as well as
the policies and procedures of the Institute and
the standards of behavior expected of members
of the educational community.

MIT handles internally some incidents that might
give rise to civil or criminal liability. This is done
with the understanding by the outside commu-
nity that MIT deals seriously with such offenses.
As is the case for many universities, local autho-
rities often rely on MIT to resolve such issues as
long as the internal policies and procedures are
effective and adequate. MIT action by itself,
however, does not preclude the possibility of
other judicial remedy.

If an infraction causes a student to be involved
both in Institute disciplinary proceedings and in
criminal proceedings, and if an Institute decision
might prejudice the court case, the Institute will
usually hold its final decision in abeyance until
after the criminal proceedings have been
concluded.

MIT traditionally has placed considerable re-
sponsibility on students' governing groups to
deal with problems in the student community,
e.g., the Dormitory Council and the Interfrater-
nity Conference. Nearly all Institute houses and
independent residences have judicial proce-
dures that deal with disputes and violations of
rules and regulations occurring in their living
groups.

Problems and disputes that cannot be resolved
at the local level are referred to the office of
Undergraduate Education and Student Affairs
for advice, guidance, or resolution. In appropri-
ate cases, the Dean for Undergraduate
Education and Student Affairs may place the
student on disciplinary warning or probation,
may prohibit a student from living in an Institute
residence, or may recommend suspension or
expulsion to the president.

Complaint and Disciplinary Procedures

Students who believe that they have been
treated improperly for any reason are encour-
aged to raise their concerns. Difficulties with
other students can be pursued within the living
group, department, or else brought to the
Committee on Discipline or the office of Under-
graduate Education and Student Affairs.
Concerns relating to academic or work situ-
ations should be raised directly with professors,
instructors, academic advisors, and immediate
work supervisors, as appropriate to the nature of
the problem.

If a problem cannot be resolved at this level,
students should either seek assistance from
their department head or dean or avail them-
selves of the assistance of the office of
Undergraduate Education and Student Affairs or
the Office of the Dean of the Graduate School.
In situations where a student feels wrongly
accused and unjustly penalized, the student
may request advice and assistance from the
office of Undergraduate Education and Student
Affairs regarding the possibility of further discus-
sion among the parties or referral of the case to
the Committee on Discipline. Students may also
bring concerns to the attention of either of the
two Special Assistants to the President.

It is Institute policy that individuals will not be
reprimanded or discriminated against for initiat-
ing an inquiry or complaint and that the rights of
the individual against whom a complaint is
made will be protected.

Anyone in the MIT community -including
individual students, faculty members, and
employees of the Institute-may bring a com-
plaint against a student to the Committee on

iscipline. The committee is composed of six
faculty members, five students, and the Dean
for Undergraduate Education and Students
Affairs, ex officio. It adjudicates cases of aca-
demic offenses, violations of Institute regulations
and standards, and other infractions alleged to
have been committed by students.

A complaint against a student must be submit-
ted in writing to the office of Undergraduate
Education and Student Affairs or to the Chair-
person of the Committee on Discipline. There
are procedures to protect the rights of a stu-
dent, including assistance in preparing a
defense. The student who has been oharged
may select an advisor from the MIT community
to assist him or her in preparing a response to
the charge(s) and to attend the committee
hearing with the student: the person making the
charge has the same rights. Statements at a
committee hearing are made by the person who
brought the charge, by the student who is
charged (if he or she chooses to speak), and by
witnesses. Detailed procedures of the Commit-
tee on Discipline are available from the office of
Undergraduate Education and Student Affairs.

Among the sanctions available to the committee
are reprimand, informal probation, formal proba-
tion with or without monitoring, and recom-
mendation to the President that the student be
suspended or expelled. Formal probation, sus-
pension, and expulsion are noted on the
student's transcript for a specified period. Such
notation may be removed upon written applica-
tion to the Committee under conditions set forth
in the statement referenced earlier.

This procedure serves also as the grievance
procedure for students as required by Title IX of
the Federal Education Amendments of 1972
with regard to grievances arising out of alleged
discrimination on the basis of sex, and for
handicapped students alleging failure to comply
with Sections 503 and 504 of the Rehabilitation
Act of 1973. Inquiries concerning the Institute's
policies and compliance with applicable laws,
statutes, and regulations (such as Title IX and
Section 504) may be directed to Dr. Clarence G.
Williams, Special Assistant to the President and
Assistant Equal Opportunity Officer, Room
3-221, (617) 253-4556.

A description of the grievance procedures for
persons employed at MIT is included in Policies
and Procedures.



84 Chapter V
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The Family Educational Rights and Privacy Act
of 1974 (FERPA) gives students certain rights,
consistent with the privacy of others, to review
records, files, and data held about them on an
official basis by the Institute, and also gives
students the right to challenge the content of
those records, files, and data which they believe
are inaccurate, misleading, or otherwise in
violation of their privacy and other rights. This
act also imposes certain controls on access to
information about students.

Under the act, "education records" means those
records which are directly related to a student
and are maintained by MIT. Educational records
at MIT include those that are kept by the offices
of the Registrar, Admissions, Dean for Under-
graduate Education and Student Affairs, Dean of
the Graduate School, Bursar, Student Financial
Aid, UROP academic departments and advisors.
standing committees of the faculty, Alumni
Association, and the Archives. Records which
are kept in the Office of the Registrar are perma-
nent. The Institute is obliged under certain state
and federal laws and regulations to retain certain
educational records for specific periods of time.
Subject to the provisions of these laws and of
the Family Educational Rights and Privacy Act,
persons responsible for the maintenance and
control of information must review the disposi-
tion of that information with the Institute Archivist
and cognizant senior officer when it has served
its intended purpose. Certain records are not
included as education records under the act.
They include personal files held by Institute
faculty and staff that are not accessible or
revealed to others, certain records of the Cam-
pus Police, and medical records maintained in
the Medical Department.

Review of Records and Challenges to
Record Content

Subject to the exceptions stated below, all
educational records of the Institute that are
identified with an individual student or former
student will be available for review at the request
of that individual. Such a student may make a
request directly to the custodian of the record or
to the office of Undergraduate Education and
Student Affairs. An individual shall not be per-
mitted to review those specific portions of his or
her educational record that refer to other identi-
fied students. An individual may challenge the
content of his or her educational record with the
custodian or through the office of Undergradu-
ate Education and Student Affairs. If a dispute
remains pertaining to the accuracy or complete-
ness of the record, the student shall be afforded
a hearing. Information about students that was
assembled prior to January 1, 1975, under
promises of confidentiality, explicit or implicit,
will not be made available for review by the
concerned students without the written consent
of the author. A letter of recommendation that
was placed in a student's educational record
after January 1, 1975, will not be made available
to the student for review, if the student has
previously waived his or her right to review that
specific letter.

Under the Family Educational Rights and Pri-
vacy Act, an MIT student who has applied for
admission to, but has not yet attended, another
component unit of MIT (e.g., a graduate school
or department) does not have the right to review
his or her education record within that compo-
nent unit unless and until he or she begins to
attend that unit. Individual department heads,
may, however, at their discretion, choose to
disclose such information to that student.

Although medical records maintained by the
Medical Department are not considered educa-
tional records under the Family Educational
Rights and Privacy Act, they are regulated by
Massachusetts law relating to the rights of
patients and residents of health facilities. Under
this law, students have a right to confidentiality
of their medical records as well as the right to
inspect and to obtain a copy of these records.

Disclosure of Information about Students

Disclosure of information in educational records
to persons within or outside the Institute, except
as indicated below, requires the student's
written consent. The written consent must be
signed and dated and must include a specifica-
tion of the records to be disclosed, the purpose
of the disclosure, and the party to whom the
disclosure may be made. Upon request, the
student shall be provided with a copy of a
record that is disclosed pursuant to this con-
sent. A record of each request and of each
disclosure must be made part of the educational
records to which a student has access.

Institute officials may have access, without the
student's prior consent and without a record
being made, to specific student records in
which they have a legitimate educational inter-
est. For this purpose, Institute officials include
both academic and administrative personnel.
Only those Institute officials who need to obtain
information about the student may have access
to that information. For example, faculty advisors
may have access to relevant educational re-
cords of their advisees. In addition, custodians
of students' educational records have the
responsibility to treat personal information with
appropriate care and discretion and not ex-
change such information unnecessarily, and to
ensure that the transfer of information between
persons not in the same office or working group
serves a legitimate Institute purpose. (Where
such transfer is unusual, and where practicable,
permission should be obtained.)

Under the Family Educational Rights and Pri-
vacy Act, educational records may be disclosed
without a student's prior consent, to officials of
another educational institution in which the
student seeks or intends to enroll, or in which
the student is enrolled concurrently. In such
cases, the student must be notified of the
disclosure, provided with copies of the dis-
closed records if he or she requests them, and
granted an opportunity for a hearing to chal-
lenge the contents of the disclosed records.

Except in cases of court orders and legal pro-
cess or when the student consents, all
educational records that are released to persons
or organizations outside of MIT must be re-
leased on the condition that they will be used
only for their stated purpose and that no other
party will have access to them without the
student's written consent. The disclosed mate-
rial should contain a statement to the effect that
acceptance of these materials constitutes an
agreement to abide by this condition.
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Motor Vehicles

Students who hold temporary, nonimmigrant
visas with F-1 classification are required by the
US Immigration and Naturalization Service (INS),
when applying for these visas, to authorize MIT
to release to INS, upon its request, certain
information and documents about themselves.
A detailed description of the information subject
to these requirements may be obtained from the
International Students' Advisor in the Student
Assistance Services section of the office of
Undergraduate Education and Student Affairs. It
is MIT's policy to release such information only
to the extent required by law.

Certain kinds of personally identifiable informa-
tion from a student's educational record,
designated by the Institute as directory informa-
tion, may be released without the student's prior
consent and without a record being made. This
information includes name; term and permanent
addresses; MIT office address; term phone
number: term electronic mail address: depart-
ment; class: degrees received: dates of
attendance; and for an intercollegiate athletic
team member, weight and height. The Student
Directory, which is published yearly in the fall,
and equivalent electronic versions, although
containing some of the items of information
listed above, are intended primarily for use by
members of the MIT community. The electronic
directories are accessible from networks outside
MIT for people to query directory information of
individual students. MIT telephone operators will
normally provide only a student's term phone
number in response to an individual inquiry
from outside MIT

Providing the Student Directory or similar listings
to persons outside MIT or using the Student
Directory or similar listings for non-Institute
purposes is a violation of Institute policy.
However, MIT is not able to prevent the dissemi-
nation and use of directory information once it is
acquired by outside parties.

A student has the right to withhold the designa-
tion of any or all of these categories of
information about himself or herself as directory
information. To exercise this right so that it will
be effective at the start of an academic term, a
student should submit a request, available from
the Registrar, by the day after Registration Day.
If a request is made after this deadline, directory
information will be unavailable from electronic
directories and from MIT telephone operators
four to six weeks after the request is submitted.
Intercollegiate athletic team members who wish
to withhold the designation of weight and height
as directory information should contact the
Sports Information Director in the Athletic De-
partment.

Massachusetts law permits local municipalities
to obtain census information, similar to directory
information, pertaining to students living in MIT
residences. In the case of court orders or
subpoenas for information about an individual,
that individual should be notified of the request
as soon as possible, and the required informa-
tion should be released only by an authorized
Officer of the Institute.

Administration of Institute Policy

Questions concerning this policy may be di-
rected to the Dean for Undergraduate Education
and Student Affairs; Chair of the Committee on
Privacy: or the Vice President in the Office of the
President, who is the senior officer responsible
for overseeing Institute operations with respect
to the protection of individual privacy. Students
who believe that their rights under the act have
been abridged by the Institute may file com-
plaints with the FERPA Office, Department of
Education, Washington, DC 20201.

Letters of Recommendation

The Institute believes that candid appraisals and
evaluations of performance and potential are an
essential component of the educational pro-
cess. Further, it believes that with appropriate
permission, the provision of such information to
prospective employers, to other institutions, or
to other legitimately concerned outside individu-
als or agencies, will be in the interest of the
student.

A student's request for a letter of recommenda-
tion to be written by Institute faculty or staff
constitutes a consent to disclosure and should,
therefore, be made in writing.

A student or former student may voluntarily
waive his or her right to review or receive copies
of letters of recommendation or other docu-
ments sent to MIT or written by a member of the
MIT faculty or staff in connection with admission
to educational institutions, employment, or
consideration for an honor or recognition. Such
a waiver must be in writing and must include
adequate identification of the concerned individ-
ual, the author of the letter, and the purpose for
which the letter is intended. Such waivers must
not be required as a condition for admission to,
receipt of financial aid from, or receipt of any
other services or benefits from, any agency or
institution. Faculty and staff should take care not
to encourage waivers unnecessarily.

Personal Files of Faculty and Staff

The personal files of members of the faculty and
staff which concern students, including private
correspondence and notes which refer to
students, are not regarded as educational
records and are not per se subject to review by
students. However, if the personal files are made
available to others within the Institute or to
parties outside MIT then they are a part of a
student's educational records, and the student
has a right to review those personal files.

All motor vehicles operated by students must be
registered each year with the MIT Campus
Police. Failure to register will result in a $25 fine.
This registration is required whether or not a
parking sticker is obtained. Students should
also note that state law requires that out-of-
state cars operated by students be registered
with the Campus Police.

Parking facilities at MIT are extremely limited. In
general, the Institute cannot provide parking for
resident undergraduate students. Graduate
student residents may obtain MIT Parking
Permits through the graduate student housing
office. Students with disabilities who have
parking requests should see the Dean of Under-
graduate Education and Student Affairs for
approval. Parking is prohibited and towing is in
effect on Memorial Drive in front of MIT between
the hours of 7 am and 10 am. Students are
advised to avoid bringing an automobile to MIT
if possible.

Students who plan to bring motor vehicles to
Cambridge should take careful note of the
information regarding pertinent Massachusetts
laws mailed with registration material. In addi-
tion, since the rate of car thefts in this state is
one of the highest in the nation, serious consid-
eration should be given to equipping auto-
mobiles with anti-theft devices.
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Overview

Advances in knowledge and concern with the
functioning of modern society have led re-
searchers to become interested in complex
problems that can no longer be adequately
resolved from the vantage point of a single
academic department. Thus, there is an increas-
ing tendency at MIT for faculty and students
from different fields to work together in a variety
of groups, laboratories, centers, and programs
that cut across departmental or school lines.
Some of these opportunities lead to degrees or
form the basis for a minor program; many can
be explored through the various interdepart-
mental organizations and research facilities
available at MIT.

These interdepartmental educational opportuni-
ties and research facilities are listed in this
chapter and described in detail. The specific
opportunities for undergraduate and graduate
students in each of these areas are outlined
within the description of the program or facility.

Some of the interdepartmental programs and
research facilities provide opportunities for
undergraduates to engage in research or study
as part of a departmental major, and some
provide a way to broaden a student's
educational experience. Undergraduates
enrolled in a variety of departments may find
valuable possibilities for thesis work and
participation in the Undergraduate Research
Opportunities Program (UROP).

Most of the Institute's major interdepartmental
organizations and research facilities listed in this
chapter offer graduate students opportunities
for interdepartmental research, including thesis
topics (and often research assistantships).
Some of the interdepartmental educational
programs have been formally approved for
graduate students by the Committee on Gradu-
ate School Policy. An interested student must
be admitted by one of the regular academic
departments in order to participate in an interde-
partmental program (with the exception of
Operations Research). Each of these programs
has a standing faculty committee that admini-
sters the program, but degrees in the field of
study are granted by the student's department
of registration. The description of the program
indicates any advanced degrees that may be
offered. Other study or research opportunities
may be in fields of study that lead to advanced
degree programs, or interdepartmental pro-
grams administered on a more ad hoc basis.

The opportunities for interdepartmental study
and research described in this chapter are as
follows.

Archaeology and Ancient Technology Program
Artificial Intelligence Laboratory
Astronomy and Astrophysics
Biomedical Engineering
Biotechnology Process Engineering Center
Bitter National Magnet Laboratory
Building Technology
Center for Advanced Engineering Study
Center for Biological and Computational

Learning
Center for Cancer Research
Center for Computational Research in

Economics and Management Science
Center for Coordination Science
Center for Energy and Environmental Policy

Research
Center for Environmental Health Sciences,

Whitaker College of Health Sciences and
Technology

Center for Information Systems Research
Center for International Studies
Center for Materials Research in

Archaeology and Ethnology
Center for Materials Science and Engineering
Center for Organizational Learning
Center for Real Estate
Center for Space Research
Center for Technology, Policy, and Industrial

Development
Center for Transportation Studies
Clinical Research Center
Concourse Program for First-Year Students
Decision Sciences Program
Defense and Arms Control Studies Program
Draper Laboratory
Economics and Urban Studies
Energy Laboratory
Environmental Studies
Experimental Study Group
Health Sciences and Technology
Industrial Relations Section
Integrated Studies Program
Interdisciplinary Programs in Humanities
International Center for Research on the

Management of Technology
International Financial Services Research

Center
Laboratory for Computer Science
Laboratory for Electromagnetic and

Electronic Systems

Laboratory for Information and Decision
Systems

Laboratory for Manufacturing and
Productivity

Laboratory for Nuclear Science
Law-Related Studies
Leaders for Manufacturing Program
Lincoln Laboratory
Management of Technology Program
Materials Processing Center
Media Laboratory
Middle East Program
Mining and Mineral Resources Research
MIT Japan Program
MIT Program on Technology, Business,

and the Environment
Nuclear Reactor Laboratory
Oceanography and Applied Ocean Sciences

and Engineering
Operations Research Center
Plasma Fusion Center
Power Engineering
Program in Environmental Engineering

Education and Research
Program in Polymer Science and

Technology
Program on the Pharmaceutical Industry
Programs for Double Competence

in Humanities/Social Science and
Science/Engineering

Research Development, School of Architecture
and Planning

Research Laboratory of Electronics
Science, Technology, and Society
Sea Grant College Program
Space Grant College Program
Spectroscopy Laboratory
Statistics at MIT
System Dynamics Group
Technology and Development Program
Technology and Policy
Undergraduate Research Opportunities

Program
Undergraduate Seminars
Unspecified Degree Programs for

Interdisciplinary Study
Wallace Geophysical Observatory
Whitehead Institute for Biomedical Research
Women's Studies

.7,
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Programs

Archaeology and Ancient Technology
Program

Please refer to the Center for Materials Research
in Archaeology and Ethnology.

Artificial Intelligence Laboratory

The primary goal of the Artificial Intelligence
Laboratory is to understand how computers can
be made to exhibit intelligence. Two corollary
goals are to make computers more useful and
to understand certain aspects of human intelli-
gence. Current research includes work on
robotics, English-language understanding,
learning and database mining, commonsense
reasoning, engineering problem solving, manu-
facturing productivity, computer architecture,
and human development.

Graduate students typically are enrolled in the
Departments of Electrical Engineering and
Computer Science, Mechanical Engineering,
Brain and Cognitive Sciences, Mathematics, or
Linguistics and Philosophy. Undergraduates
get involved through UROP projects.

Robotics. This area includes studies in vision,
tactile sensing, manipulation, legged locomo-
tion, and the development of robust architec-
tures for mobile robots.

Design and Analysis Systems. Engineers
design, analyze, debug, and explain complex
engineered systems using reasoning that is
relatively deep. Understanding this reasoning
requires the ability to deal with such notions as
causality and the interaction of constraints.

Learning and Natural Language. Recent work
has concentrated on theories explaining how
new situations can be analyzed in terms of
remembered case studies and on ideas that
enable natural language syntax to be processed
using a small set of principled, parameterized
modules.

Computing Concepts. Sophisticated ideas for
programming languages and computer archi-
tectures are a major research theme. Current
work focuses on massively parallel machines
and on scalable, message-oriented models of
computation.

Further information is available from Professor
Patrick H. Winston, Director, Artificial Intelligence
Laboratory, Room NE43-816, MIT, Cambridge,
MA 02139-4307, (617) 253-6754.

Astronomy and Astrophysics

Teaching and research in astronomy and
astrophysics at MIT are truly interdepartmental,
involving more than 25 faculty members of the
Departments of Physics; Earth, Atmospheric,
and Planetary Sciences; Mathematics; Electrical
Engineering and Computer Science and
Chemistry. The subjects offered and the
opportunities for graduate and undergraduate
research cover a correspondingly broad
spectrum.

Instrument development and observational
programs emphasize the application of modern
technology to the study of objects as diverse as
the rings of planets and clusters of galaxies. For
example, radio telescopes, as single dishes or
transcontinental interferometer arrays, are used
to determine the structure of radio galaxies and
to discover gravitationally lensed quasars. X-ray
satellites are used to measure the temperature
and composition of supernova ejecta and

properties of neutron star binaries. Plasma
detectors on deep-space probes are used to
explore the properties of the interplanetary
medium and the magnetospheres of the planets
out to Neptune. Radar facilities are employed to
map asteroids and planets. Advanced detectors
on optical telescopes are utilized to probe the
structure of the galaxy and measure the Hubble
constant. Research in gravity wave detection
could open a new branch of astronomy.

Some of the theoretical research is related
directly to observational programs as in the
study of planetary ring systems, interpretation of
interplanetary plasma measurements, and the
evolution of X-ray binaries. Other efforts are
devoted to understanding the general circula-
tion of planetary atmospheres, dynamics of both
isolated and interacting galaxies, large scale
structure of the universe, and problems of
relativistic and high energy astrophysics ranging
from the origin of the universe in the Big Bang
to the formation of galaxies.

or
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The George R. Wallace, Jr., Astrophysical
Observatory is a versatile facility for research
and teaching in optical astronomy. The observa-
tory, located in nearby Westford, Massachusetts,
has two optical telescopes with 16-inch and
24-inch diameters and unique electronic instru-
mentation. The telescopes are used in formal
instruction for student research projects, and as
testbeds for instrumentation to be used with
larger instruments. Further information on the
Wallace Observatory may be obtained by con-
tacting Professor James L. Elliot, Department of
Earth, Atmospheric, and Planetary Sciences,
Room 54-422, MIT, Cambridge, MA
02139-4307, (617) 253-7556 or 253-6308.

The Haystack Radio Observatory provides
opportunities for undergraduate and graduate
student research, both for spectroscopy of the
interstellar medium and for very-long-baseline
interferometry. The Haystack Observatory is also
located in Westford. For further information
contact Dr. Joseph Salah, MIT Haystack Obser-
vatory, Route 40, Westford, MA 01886, (508)
692-4764.

The Michigan-Dartmouth-MIT Observatory at
Kitt Peak in Arizona is operated jointly by MIT,
the University of Michigan, and Dartmouth
College. It has two telescopes with 52-inch and
95-inch diameters, both with modern instru-
mentation. It is used for research by students
and faculty. For further information contact
Professor John Tonry, Room 6-204, MIT, Cam-
bridge, MA 02139-4307, (617) 253-7528.

Experimental programs with student participa-
tion involve instruments launched on board
satellites and interplanetary spacecraft. In addi-
tion, MIT students and staff observe at other
installations such as the National Radio Astron-
omy Observatory in West Virginia and New
Mexico and the National Astronomy and
lonospheric Observatory in Arecibo, Puerto
Rico. They use the telescopes of both the Kitt
Peak National Observatory and the Cerro-Tololo
Inter-American Observatory in Chile.

Astronomy and astrophysics subjects, which are
offered at the undergraduate and graduate
levels, are primarily given by the Departments of
Physics, and Earth, Atmospheric, and Planetary
Sciences.

Further information, including a complete list of
astronomy and astrophysics subjects, may be
obtained by contacting Professor Saul A.
Rappaport, Room 37-551, MIT, Cambridge, MA
02139-4307, (617) 253-7551.

Biomedical Engineering

There are many graduate degree opportunities
(Sc.D. Ph.D.) in biomedical engineering at MIT
and students and faculty in many departments
conduct research in this area. These research
interests, spanning the life sciences, physics,
and engineering, have led to the development
of programs of graduate study for students
wishing to pursue careers in these rapidly
evolving fields. Each of these programs has
evolved out of the interests and professional

specialties of the participating faculty. Some are
based primarily in the academic departments of
the School of Engineering and therefore are
available to students as regular departmental
activities. Others are organized within the Har-
vard-MIT Division of Health Sciences and
Technology (HST). Virtually all of the engineer-
ing studies are in collaboration with life scien-
tists, many of whom are members of medical
faculties and affiliated with teaching hospitals in
the Boston area. The major graduate programs
available to students interested in biomedical
engineering are summarized here.

The HST Doctoral Program In Medical Engi-
neering and Medical Physics (MEMP) is
designed to educate individuals to be well
qualified as engineers or physicists, and who,
with extensive knowledge of the medical sci-
ences, engage in productive, independent
investigation of important problems at the
interface of technology and clinical medicine.
The program provides a thorough graduate
experience in a classical discipline of engineer-
ing or physics, and also requires considerable
study in the basic medical sciences together
with HST medical students. In addition, students
are afforded a unique opportunity to learn
important clinical skills and acquire an in-depth
understanding of clinical care, medical decision
making, and the role of technology in patient
care.

To be considered for admission, students must
have completed at least an S.B. degree in an
engineering discipline or in physics. Students
must apply simultaneously to the HST Division
and the appropriate graduate department.
Admission to the MEMP Program requires
affirmative assessment by both departmental
and HST admission committees. Further
information may be obtained from Professor R.
G. Mark, Room E25-519, MIT, Cambridge, MA
02139-4307, (617) 253-7818.

The HST Doctoral Program in Speech and
Hearing Sciences prepares students with
undergraduate degrees in science or engineer-
ing for research careers. The program oifers
thorough grounding in the relevant fundamental
sciences, applications to diagnosis and treat-
ment of human pathological conditions, and
approaches to new technological capabilities.
Graduates are well qualified for careers in
academia, industry, and government.

The program includes nine subjects in the
Speech and Hearing Program, as well as gradu-
ate study in a traditional discipline (e.g. physics,
psychology, engineering). General examinations
are required in both Speech and Hearing
Sciences and another discipline. Opportunities
for doctoral research exist in many laboratories
at either MIT or the Harvard Medical School and
its associated hospitals in the Boston area.

Approximately seven students are admitted
each year. Completion of the requirements for
Ph.D. requires about six years. Further informa-
tion may be obtained from Professor Nelson
Kiang, Eaton-Peabody Lab, Massachusetts Eye
and Ear Infirmary, 243 Charles Street, Boston,
MA 02114, (617) 573-3745.

The Radiological Sciences Joint Program is
offered jointly by the Nuclear Engineering
Department (NED) and the Harvard-MIT Divi-
sion of Health Sciences and Technology. The
doctoral program is designed to prepare
individuals for research careers at the interface
of radiological science and medicine with
emphasis on such areas as biomedical imaging,
radiation therapy, and radiobiology. Applicants
are expected to be well prepared in mathemat-
ics, physical sciences, biology, and preferably
biochemistry. Applications are evaluated by
both the Department of Nuclear Engineering
and the HST Division. Additional information can
be found in the NED section in Chapter VII.

Departmental doctoral programs are appropri-
ate for students who are primarily attracted by a
basic engineering discipline that is applicable to
biological problems, and who intend to pursue
a professional engineering career that may lie
outside of the field of biomedical engineering.
A background in mathematics and the physical
sciences is a necessary prerequisite for gradu-
ate study in biomedical engineering programs
within the School of Engineering. Preparation in
the biological sciences, though desirable, is not
required. Active biomedical research is pursued
in the Departments of Aeronautics and Astro-
nautics, Chemical Engineering, Electrical Engi-
neering and Computer Science, Materials
Science and Engineering, Mechanical Engineer-
ing, Nuclear Engineering, and Physics.

Further information on departmental programs
may be obtained from the graduate registration
officer of the appropriate department.

M.D.-Ph.D. programs may be individually
arranged by students who wish to combine
doctoral studies in engineering with medicine.
The biomedical sciences curriculum of the
Harvard-MIT Division of Health Sciences and
Technology leads to the M.D. at Harvard Medical
School and may be combined with studies
leading to the S.M. or the Ph.D. in one of the
programs listed above. Students interested in
such combined degree programs must apply
independently to the department of interest and
to Harvard Medical School. Further information
may be obtained from Professor R. G. Mark,
Room E25-519, MIT, Cambridge, MA
02139-4307, (617) 253-7818.

Biomedical engineering is also of increasing
interest to undergraduate students at MIT.
Investigations on such varied topics as
biomaterials, biological control systems, and
mechanisms of sensory perception, to name
only a few, involve faculty and students from
most of the engineering departments. Much of
this research is carried out in interdepartmental
laboratories in collaboration with workers from
medical centers in the Boston area. Under-
graduates wishing to explore this developing
area have ample opportunity within their regular
departmental major through elective subjects
special laboratory projects, and the senior
thesis. These studies should be of special
interest to students who are enrolled in a pre-
medical curriculum.
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Biotechnology Process Engineering Center

Established at MIT through the National Science
Foundation, the Biotechnology Process Engi-
neering Center (BPEC) provides a unique
opportunity for education and research at the
forefront of biotechnology. At the BPEC, the
fundamentals of advanced manufacturing
technologies are explored through the applica-
tion of engineering principles to the life sci-
ences. Another important objective of the BPEC
is to establish active collaborative programs with
industry that will enrich the students' under-
standing of biotechnology, expand research
activities, and promote innovation. The BPEC
involves both undergraduate and graduate
students and postdoctoral fellows. Research is
led by 13 faculty members from the Depart-
ments of Chemical Engineering, Biology, and
Chemistry.

The BPEC centralizes the various programs
available for the study of biotechnology and
provides a structure for new educational initia-
tives. For undergraduates, a strong base in
chemical engineering or biology provides an
ideal background for further studies in biotech-
nology. A liberal policy for elective courses in
several departments is available to undergradu-
ates in order to fulfill interdisciplinary needs and
foster cross-disciplinary education. In addition,
new undergraduate courses, such as Molecular
and Engineering Aspects of Biotechnology,
serve to integrate material from the science and
engineering domains. Research opportunities in
biotechnology are available to all MIT under-
graduates through UROP and positions for pay
or academic credit are available during the
summer and academic year.

Graduate students from the Departments of
Chemical Engineering, Chemistry, and Biology
take a wide range of course material to provide
the requisite integration of science and engi-
neering knowledge and meet their individual
departmental requirements. Frequently, bio-
chemical engineering students elect to com-
plete a minor in Management. Students can
apply for an NIH trainin9 grant offered as part of
the Interdepartmental Biotechnology Program
involving 34 faculty participants or work directly
for one of the center's 13 faculty members.

BPEC research is dedicated to developing
manufacturing strategies for high and medium
value biotechnology products. There are two
focal points of the research program.

The first is Engineering and Scientific Princi-
ples in Therapeutic Protein Production. With
regard to intracellular events in protein produc-
tion -protein expression, protein processing,
and protein secretion -the BPEC research deals
with the fundamental problems in biology that
occur intracellularly and are relevant to the
manufacturing of proteins. Emphasis is on
understanding the basic principles and mecha-
nisms which govern the expression, processing,
and secretion of proteins. Research projects
focus on protein expression and transcriptional
regulation; protein folding, secretion and glyco-
sylation; intracellular redox proteins; regulated
protein secretion; and metabolic flux analysis.

Investigation of extracellular events in protein
production is dedicated to the improvement of
protein production by manipulation of the
extracellular environment. Specifically, the
research program deals with the three areas of
bioreactor design and operations: nutrient
transport (augmentation of oxygen transport by
pressure or electrically-driven convective flows,
and mechanism(s) of hydrodynamic damage to
cells): novel bioreactors (airlift fiber-bed bio-
reactor for high density animal cell cultivation;
fixed bed with porous ceramic particles: single-
pass monolith bioreactor suited for media
cycling; role of substratum morphology on cell
behavior); and bioreactor operations (bioreactor
performance under dynamic conditions; media
cycling in cell culture systems with regulated
secretion; pattern recognition and expert sys-
tems).

The second focal point of the research program
is Process Engineering and Science in Thera-
peutic Protein Purification. One area of con-
centration concerns new concepts in protein
purification. Investigation in protein purification
is directed towards the efficient recovery of
complex therapeutic proteins in their proper
structural, functional, and purified forms. Mem-
brane-based, chromatographic and extractive
bioseparation processes are emphasized,
supported by basic studies in interfacial and
surface phenomena in biochemical systems.
Projects include vortex flow filtration systems;
electrically controlled membrane separations;
adsorption onto packed-bed of fibers; purifica-
tion of proteins using organic solvents; use of
adsorbents in vortex flow systems; protein
recovery using reversed micelles; extraction of
biopolymers using biophasic aqueous polymer
systems; and organic solvent extraction. With
regard to protein-surface, protein-protein
interaction and protein stability, the BPEC is
involved in the development of sound scientific
and engineering concepts and technologies to
effectively refold complex proteins in vitro in an
economic fashion. Another objective of the
BPEC research is to understand the fundamen-
tal mechanisms of protein-surface, protein-pro-
tein, and protein-solvent interactions and to use
the information to stabilize proteins in solution
and in the solid state. Current research projects
include in vivo suppression of inclusion body
formation; kinetics and equilibrium of protein
aggregation with respect to refolding; stability of
proteins in solid state; stability of proteins in
solution; molecular thermodynamics model of
protein folding; protein thermo-instability;-
polyampholytes as processing aids; and affinity
analytical methods.

Further information may be obtained from the
Office of the Director, Professor Daniel 1. C.
Wang, Biotechnology Process Engineering
Center, Room 20A-207, MIT, Cambridge, MA
02139-4307, (617) 253-0805.

Bitter National Magnet Laboratory

The Francis Bitter National Magnet Laboratory,
supported by the National Science Foundation,
conducts a program of research and develop-
ment in science and engineering in areas
involving magnetic fields.

Continuous fields up to 35 tesla are available in
a variety of configurations. High magnetic field
and high resolution nuclear magnetic resonance
spectrometers are used for studies of molecules
of biological interest. Both the high field mag-
nets and the nuclear magnetic resonance
spectrometers are made available on a routine
basis to research groups from other MIT depart-
ments and from institutions worldwide. In addi-
tion, the laboratory operates pulsed magnets
(giving fields up to 68 tesla) and a magnetically
shielded room of walk-in size.

The laboratory's solid-state physics research
program is an experimental and theoretical
study of semiconductors, magnetic materials,
superconductors, and complex fluids. Molecular
biology studies are carried out using high
resolution nuclear magnetic resonance spec-
trometry and the Mossbauer effect.

The laboratory conducts research and
development programs aimed at the practical
application of magnetic fields to technology and
medicine. Current projects include studies of
the weak magnetic fields of the human body,
and development of nuclear magnetic reso-
nance imaging systems.

Collaborative programs are carried out with the
Departments of Physics, Electrical Engineering
and Computer Science, Mechanical Engineer-
ing, Nuclear Engineering, Materials Science and
Engineering, Chemistry, and with the Plasma
Fusion Center. These collaborative programs
include participation by undergraduates and
graduates working on theses. Undergraduate
students in the UROP program and others are
also employed.

Information may be obtained from the Director,
Professor Robert Griffin, Building NW14-3220,
MIT Cambridge, MA 02139-4307, (617)
253-5478.

Building Technology

The graduate program in Building Technology is
an interdepartmental program spanning the
Schools of Architecture and Engineering. The
program provides a focus for graduate students
interested in the development and application of
advanced technology for buildings. Students
pursue academic subjects in the basic
engineering disciplines relevant to buildings and
subjects dealing with integrated building
systems.
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Projects sponsored by industry and government
agencies are carried out by students and faculty
in Architecture, Civil and Environmental
Engineering, Electrical Engineering, Mechanical
Engineering and Materials Science. Current
research is being conducted in areas which
include Composite Materials for Building
Envelopes; Structures, Advanced Thermal
Insulations, Energy Efficiency and Indoor Air
Quality.

Further information is available from Professor
Leon Glicksman, Room 4-209, MIT, Cambridge,
MA 02139-4307, (617) 253-2233.

Center for Advanced Engineering Study

The primary oal of the Center for Advanced
Engineering Study (CAES) is to improve and
extend the capabilities and effectiveness of
professionals in engineering, the sciences, and
management by providing critical learning
opportunities on campus and at the workplace.
Through its varied programs, the center creates
vital communication links between industry and
government professionals and the academic/re-
search community at MIT In this way, the center
plays a critical role in transferring important
developments in new and emerging scientific
and technological fields to industry.

The Advanced Study Program at CAES is
intended for engineers, scientists, and technical
managers who wish to pursue academic studies
on campus that are tailored to their needs and
backgrounds. Participants attend academic
courses and seminars, perform individual stud-
ies guided by faculty members, and participate
in ongoing research projects. Enrollment may
be for one or more semesters, either on a
full-time or part-time basis. Participants are
provided offices, computer facilities and a
videotape library. A certificate is awarded upon
satisfactory completion of the program.

CAES Video Courses extend the on campus
academic program through the distribution of
video-based education. CAES has produced
more than 75 in-depth, high quality video
courses in engineering, science, and manage-
ment. Each course, taught by a leading author-
ity in the field, is designed specifically for use by
professionals at the workplace. Recent video
course releases include lex and yacc: Designing
and Developing Tools and Languages in the
UNIX Environment by Dr. Steven Lally, Automatic
Speech Recognition and Understanding by
Professor Victor Zue, New Parallel Architectures
and Languages by Professor Arvind, and Micro-
lithography Strategy for Future ULSI by Profes-
sor Henry Smith.

The center operates a professional-level studio
complex in its headquarters in Building 9.
Broadcast-quality, multi-camera recording and
editing equipment is used in the production
studio, as well as in-classroom courses and

symposia. Courses in development include
Understanding Lasers and Fiber Optics by
Professor Shaoul Ezekiel, Designing Products
that Sound Good by Professor Richard Lyon,
Fault Tolerant Control Systems by Professor
Wallace Vander Velde, Management of Techno-
logical Change by Professor Ernst Frankel, and
Object- Oriented Systems by Professor Duvvuru
Sriram.

CAES has also developed a coherent curricu-
lum in total quality management (TOM) with The
Deming Videotapes and Dr. Deming's textbooks
at its base. Other courses include Statistics in
Quality and Productivity, Concurrent Engineer-
ing, Taguchi Quality Engineering, Enhanced
Quality Function Deployment, House of Quality,
Lean Production, and Managing Innovati 'on
Through Lead Users. Under development is a
comprehensive TOM video course for senior
managers with Professors Thomas Lee and
Shoji Shiba.

The center works closely with the faculty in the
development of innovative educational pro-
grams. The selection of topics and the breadth
of the coverage are influenced by industry
needs. The coupling between CAES and the
MIT campus is also strong. Most video courses
produced by the center are available at the
MIT libraries for use by students, faculty, and
staff.

The Video Productions group at CAES provides
a full range of video services to the MIT commu-
nity at reasonable cost. Documentaries, labora-
tory and classroom demonstrations, seminars,
symposia, and help sessions can be videotaped
either at CAES studios or on location as need-
ed. CAES continues to upgrade its video equip-
ment and facilities to insure high quality video
production. New state-of-the-art video cameras
have been acquired and a full-service profes-
sional edit suite has recently been constructed.
A recently acquired PictureTel videoconferenc-
ing system is now available as an additional
service by CAES.

Satellite broadcasts designed to support the
professional development of practicing engi-
neers, managers, and faculty were initiated in
1990. Twenty-two programs have been re-
ceived by a wide variety of industry, university,
and government downlink sites.

A variety of multimedia programs are also being
developed at CAES using the center's recently
completed interactive multimedia suite. For
example, through a collaboration with the De-
partment of Mechanical Engineering and the
Center for Educational Computing Initiatives,
CAES is creating the Engineering Design In-
structional Computer System (EDICS), an
interactive multimedia program delivered in
CD-ROM format.

In the interest of utilizing innovative delivery
systems and broadening the availability of

multimedia information services, CAES is pursu-
ing the delivery of a variety of compressed,
digital video programs over the NSF fiber-optic
network.

Also, the center is collaborating with Professor
Latanision's Council on Primary and Secondary
Education in developing special programs for
school teachers,

For information on CAES, contact Professor
Shaoul Ezekiel, Director, Center for Advanced
Engineering Study, Room 9-215, MIT,
Cambridge, MA 02139-4307, telephone
(617) 253-3783, fax (617) 253-8783, e-mail
sezekiel@mit.edu.

Center for Biological and Computational
Learning

The Center for Biological and Computational
Learning, established in 1992 within the Depart-
ment of Brain and Cognitive Sciences, serves as
a focal point for collaboration for researchers in
artificial intelligence, computer science, engi-
neering, and the neurosciences. The purpose of
the center is to foster an interdisciplinary ap-
proach to the study of learning in biological
systems and computers, where computational
theories in the areas of vision, motor control,
neural circuitry, and language are developed
and tested within the framework of neurophysio-
logical, psychological, psychophysical, and
other experimental approaches.

The center brings together faculty, postdoctoral
fellows, visiting scientists, and students.
Through seminars, collaborative research ef-
forts, and informal interaction, the center pro-
motes communication among researchers from
diverse disciplines, complementing the compu-
tational approach with the necessary experimen-
tal talent. These activities enable researchers
with computational backgrounds to study the
brain sciences, while neurobiologists and ex-
perimental psychologists train in the computa-
tional research of brain function.

Research opportunities at the center are avail-
able for a small number of graduate students
who train under the joint guidance of senior
faculty drawn from interdisciplinary departments
in the brain sciences, computation, and cogni-
tive science. These students meet the require-
ments for admission in the Departments of
Biology, Brain and Cognitive Sciences, Electrical
Engineering and Computer Science, Mathemat-
ics, Physics, or the Harvard-MIT Division of
Health Sciences and Technology.

Further information regarding current research
projects, and a listing of memos published by
members of the center, are available from the
Assistant to the Directors, Room E25-201, MIT,
Cambridge, MA 02139-4307, (617) 253-0551.
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Center for Cancer Research

The Center for Cancer Research, partially sup-
ported by the National Cancer Institute, provides
facilities for interdepartmental work in various
aspects of fundamental cancer research includ-
ing molecular, cellular, and developmental
biology and immunology. The center's faculty
are drawn from the Department of Biology.
Graduate students typically are enrolled in the
Biology Department program but students in
any MIT department may ask to do doctoral
thesis research under the supervision of the
faculty of the center. If accepted, they may be
eligible for support as research assistants in the
center. Opportunities for undergraduate re-
search are available through the UROP pro-
gram. Occasional seminars on cancer research
both for credit and as public colloquia of the
center are available.

For further information, contact the Office of the
Director, Professor Richard 0. Hynes, Room
E17-110, MIT, Cambridge, MA 02139-4307,
(617) 253-6400.

Center for Computational Research in
Economics and Management Science

This center's purpose is to advance knowledge
about modeling in economics, statistics, and
management. This is accomplished through
algorithmic research and related software devel-
opment, performed by researchers representing
the varied quantitative disciplines that underlie
modern computer-intensive modeling. These
disciplines include econometrics, statistics,
computer science, and operations research.
Computer implementation is performed using
interactive tools, of which the single most impor-
tant is a comprehensive software environment
called TROLL. TROLL contains programming
tools and standard functions that facilitate the

rapid implementation of experimental algorithms
and also provides a modeling environment for
applied studies. The system provides all stan-
dard techniques, and many experimental ones,
for building and using econometric and financial
models.

Current research reflects the interests of the
staff as well as the needs of TROLL and
problems arising at the MIT Sloan School of
Management. Major projects include diagnostic
procedures to detect changes in model
structure, robust and high breakdown (super
robust) estimation, Bayesian state-space
filtering of stock transaction data, credit-scoring
models and risk management analysis, average
derivative estimation, transformation models,
estimation in long-memory time-series models,
variable selection techniques, colinearity and
influential data diagnostics, nonlinear estimation,
and research on graphics and computationally
intensive (often nonparametric) statistical
procedures.

The center's research complements activities in
several MIT departments and laboratories. The
links include active participation in center
projects by faculty members of the Sloan
School of Management; collaboration with the
Statistics Center and the Operations Research
Center on projects of mutual interest: and use of
center-developed software by the Departments
of Economics, Political Science, and Civil and
Environmental Engineering.

Several graduate students work as research
assistants at the center, and undergraduates
participate in UROP projects. Students some-
times use the center s resources in doing
theses.

Further information may be obtained from the
Director, Professor Roy E. Welsch, Room
E40-129, MIT, Cambridge, MA 02139-4307,
(617) 253-8411.

Center for Coordination Science

The Center for Coordination Science conducts
multidisciplinary research in coordination sci-
ence and technology with the aim of improving
the way in which work performed by people,
firms, and computers is integrated. Coordina-
tion theory draws upon a variety of fields includ-
ing economics, computer science, organization-
al theory, information systems, management
science, and psychology.

The increasing use of computers is opening up
new opportunities for people to coordinate their
work, and also creates a need for new, flexible
organizations that can use technology to com-
municate information faster, cheaper, and more
selectively. To take advantage of these opportu-
nities there is a need for major extensions, or
reformulations, of current theories of organiza-
tions, of markets, and of management.

The center's work focuses on three project
areas: organizational structures, which studies
how people work together and how this may
change with new information technology: coor-
dination technology, which designs and studies
innovative computer systems that help people
work together in small or large groups: and
coordination theory, which is the development
and testing of theories about how coordination
can occur in a variety of systems, such as
human organizations, markets, and computer
networks.

The center is located at the MIT Sloan School of
Management and works in close cooperation
with many other parts of the Institute. Thomas
W. Malone, Patrick J. McGovern Professor of
Information Systems, is the center's director.
For further information, contact Robert R. Hal-
perin, executive director, at One Amherst Street
E40-177, Cambridge MA 02139-4307, (617)
253-8659.
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Center for Energy and Environmental Policy
Research

The Center for Energy and Environmental Policy
Research is a shared activity of the MIT Depart-
ment of Economics, the Energy Laboratory, and
the Sloan School of Management. The central
aim of the center is to conduct policy research
that can improve domestic and international
energy and environmental policy making.
Projects are organized into six areas: environ-
mental economics, management, and policy;
investment, contracting, and finance; energy
industry organization and regulation: internation-
al energy markets energy demand, productivity,
and economic growth; and technology policy.

Research by members of the center has in
recent years focused on areas such as the
policy implications of global climatic change,
energy pricing, regulation of energy industries,
nuclear plant safety, energy conservation,
capital budgeting under risk, and the use of
market-based incentives to control emissions.

The center's research programs are supported
by corporations, foundations, governments, and
non-corporate groups. These associates
receive center publications and participate in
conferences to discuss the center's research
and other studies of topical energy and environ-
mental policy issues.

The director is Richard Schmalensee, Gordon Y
Billard Professor of Economics and Manage-
ment, who served on President Bush's Council
of Economic Advisers. The executive director is
A. Denny Ellerman, past president of the Inter-
national Association of Energy Economics and a
senior lecturer at Sloan. For further information,
write to the canter at One Amherst Street
E40-471, Cambridge, MA 01239-4307, (617)
253-3551.

Center for Environmental Health
Sciences, Whitaker College of Health
Sciences and Technology

The Center for Environmental Health Sciences
represents the cross-disciplinary research and
education efforts of some 36 faculty at MIT,
Harvard School of Public Health, and
Northeastern University. These faculty share the
common goals of identifying environmental
causes of disease in humans with emphasis on
genetic changes leading to inherited disease
and cancer. The center and its associated
research programs are funded by the National
Institute of Environmental Health Sciences, the
National Cancer Institute, and the Office of
Health and Environmental Research of the US
Department of Energy. These research
programs, amounting to $8 million in annual
research support, provide challenging
interdisciplinary problems for graduate and
undergraduate students.

The center uses two simple mass transfer
paradigms to unify the research efforts. All
incoming potentially active agents from food, air
and water, whether chemical, radioactive, or
biological, are first explored as raw mixtures in
primary toxicology tests using bacteria, human
cells and rodents. If some environmental mix-
ture is found to have biological activity, then it is
studied by iterative chemical fractionaticn and
toxicological evaluation until the active mixture
components are identified. Engineers and
scientists then explore the parameters of source
operation with the goal of specifically reducing
human exposure. Contaminated foodstuffs,
combustion and incineration emissions, low
level ionizing and other electromagnetic radi-
ation, and leakage from chemical waste dumps
are all targets of coordinated research efforts.

The second paradigm works backwards from
observations made directly in humans. Center
research has developed practical means to
measure the array of chemicals actually bound
to proteins and DNA in ordinary blood and
tissue samples. The data now available give the
first picture of the kinds and amounts of chemi-
cals moving from the environment into people.
Complementing this research is the develop-
ment of a new genetic technology which per-
mits measurement of the kinds and positions of
mutations in human tissue samples. Since each
agent capable of inducing mutations creates a
specific pattern of mutations, it should be possi-
ble to identify agents which have both entered
the body and caused a significant fraction of
genetic change.

Recent theoretical efforts in the center have
addressed the quantitative relationships be-
tween mutations, and age dependence of
cancer. Future research will bring the collaborat-
ing scientists and engineers into the field of
epidemiology.

The center's Director is William G. Thilly, Profes-
sor of Toxicology and Civil Engineering, Room
E18-666, MIT, Cambridge, MA 02139-4307,
(617) 253-6221.

Center for Information Systems
Research

The Center for Information Systems Research
(CISR) was established at the MIT Sloan School
of Management in 1974 to define, research, and
report on significant issues concerning the
management of information technology. The
relevance of this research is ensured through
interaction with senior managers in business
and government.

Research at CISR is pragmatic, problem-based,
and application-driven. A set of corporate
sponsors provides both funding and assistance
in defining and investigating significant research
areas. Research on fundamental issues affecting

both the public and private sectors is performed
in such areas as the managerial use of
computers; information technology:
management of the information systems
function; and impact of information systems on
organizations. CISR disseminates significant
research findings to the information systems
user community through teaching, seminars,
working papers, and publications.

The background of CISR's faculty ranges from
computer science and electrical engineering to
law, psychology, and organizational behavior.

Each year, a number of master's degree gradu-
ate students in management information sys-
tems perform their thesis work and course
projects in conjunction with ongoing CISR
research. In addition, Ph.D. and master's stu-
dents are often involved in CISR projects as
research assistants.

Further information about the center may be
obtained by contacting the Office of the Direc-
tor, Dr. John F Rockart, Room E40-193, Sloan
School of Management, MIT Cambridge, MA
02139-4307, (617) 253-2348.

Center for international Studies

The Center for International Studies engages
in research on international issues and on
foreign developments that are of international
interest. The center is dedicated to advancing
knowledge of comparative and international
studies and policy analysis. There are opportu-
nities for graduate students and visiting schol-
ars to participate in the center's research pro-
jects. The center also has an active program of
research workshops and visitors' seminars.

Located within the center is the Defense and
Arms Control Studies Program -a graduate
teaching and research program. The teaching
program is closely associated with the Depart-
ment of Political Science and incorporates an
important focus on science and technology. The
research program is under the auspices of the
center.

One component of that research program is the
Soviet Security Studies Working Group which
conducts research on the political, social, and
economic transformations underway in the
former Soviet Union, and implications for
regional military developments and international
security.

The center also maintains the MIT Japan Pro-
gram which provides internships in Japan for
MIT science, engineering, and management
students with Japanese language capabilities,
supports a variety of Japan-related research
projects at MIT, maintains an interdisciplinary
project on the Japanese technology process,
and sponsors workshops and symposia.
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The center's Program In Development Studies
focuses attention on the position of developing
countries in the context of dramatic changes
resulting from the end of the Cold War and the
growing international move toward marketization
and democratization. Research is directed
toward the areas of New and Resurgent Nation-
alisms, International Migration and Refugee
Flows, Poverty Alleviation, and Global Environ-
mental Change. The program provides graduate
student funding through three sets of fellow-
ships-the MacArthur Foundation Program in
Peace and International Cooperation, the US
Department of Education Foreign Language and
Area Studies Fellowships, and the Social Sci-
ence Research Council International Predisser-
tation Fellowship Program. Doctoral student
applicants may come from the Departments of
Political Science, Economics, Urban Studies
and Planning, the Program in Science, Technol-
ogy and Society, and the Sloan School of
Management.

The center's Program In Environmental Stu-
dies includes an interdisciplinary working group
on Comparative and International Environmental
Policy. The center also manages the interna-
tional Energy and Environmental Policy
Research Grants, the result of a gift from the
Department of Foreign Affairs of the Japanese
government. The center provides a limited
number of grants each year to MIT faculty,
advanced graduate students, and staff working
in the area of energy and environmental policy
and related technology. Proposals may focus on
the relationship between energy and security
and energy and environmental issues.

As part of the center's outreach initiative to
government and business, it runs two programs
in Washington for the security and foreign policy
community. Seminar XII, Foreign Politics In the
National Interest, is an education program for
senior military officers, government officials, and
industry executives in the national security
policy community. The program seeks to devel-
op the critical ability to assess competing theo-
ries of the connections between politics, the
economy, and society in foreign countries, and
to explore the links between these alternative
interpretations of national aims and behavior
and various United States foreign policy options.
A related program is the Kalker Foreign Policy
Workshop held at the Foreign Service Institute.
Junior and senior foreign service personnel
participate in monthly sessions related to key
issues in contemporary foreign policy.

Among the seminars and workshops sponsored
by the center are the MIT-Harvard Joint Semi-
nar on Political Development; MIT-Boston
University South Asia Seminar; Emile Bustani
Middle East Seminar: Institutional Perspectives
on the State in Third World Development Work-
shop; Seminar on Peoples and States: Ethnic
Identity and Struggle: MIT Seminar on Technol-
ogy, Defense, and Arms Control; and the Future
of International Migration Seminars; the Seminar
on the Political Uses of History; MacArthur
Fellow Seminars; the Harvard-MIT Joint Semi-
nar on International Institutions and Political
Economy.

The center also maintains research activities in
the fields of international science, technology
and public policy, energy policy, international
conflict, communications policy, and inter-
national environmental issues.

Each year the center appoints as Visiting Fel-
lows a number of academics, journalists, and
government officials, both from the United

tates and abroad. These Fellows are supported
by their universities, governments, or founda-
tions. They work on problems relevant to the
center's areas of interest.

Information may be obtained from the Assistant
Director, Dr. Elizabeth Leeds, Room E38-652,
MIT, Cambridge, MA 02139-4307, (617)
253-9861.

Center for Materials Research in
Archaeology and Ethnology

The Center for Materials Research in Archaeol-
ogy and Ethnology (CMRAE) encourages new
directions for research in anthropology, archae-
ology, art history and related humanistic and
social science disciplines by providing them
with an expanded technical base in the
sciences of organic and inorganic materials.
Established in 1977, the center includes eight
institutions in the greater Boston area: Boston
University, Brandeis University, Harvard Univer-
sity, the University of Massachusetts, MIT, the
Museum of Fine Arts of Boston, Tufts University,
and Wellesley College. MIT serves as the cen-
ter's coordinating institution.

The center's research activities are carried out in
a network of shared laboratories at member
institutions, which are used by students and
faculty of those institutions as well as by visiting
scholars and graduate students who join the
center for shorter periods. The materials re-
search laboratories include metallurgy, ceram-
ics, lithics, archaeobotany, and zooarchaeology.
The research program of the center emphasizes
rigorous laboratory study of artifacts and other
kinds of cultural remains in order to determine
the nature and structure of the materials of
which they are composed and the extraction
and processing regimes they have undergone.

The center offers graduate-level subjects in the
CMRAE Graduate Laboratory (20B-012). These
are open to graduate students and senior
undergraduates from all participating institu-
tions. Each subject is heavily laboratory ori-
ented, runs for a full year, and covers a single
class of materials (e.g., ceramics or metals), or a
method for interpreting archaeological data
(e.g., computers in archaeology).

Further information about the center may be
obtained from the Director, Professor Heather
Lechtman, Department of Materials Science and
Engineering, Room 8-138, MIT, Cambridge, MA
02139-4307, (617) 253-1375.

For undergraduates, MIT also offers the Ar-
chaeology and Ancient Technology Program.
Through a combination of archaeological

fieldwork, laboratory studies, and subjects, this
program attempts to improve the understanding
of how pre-modern people adapted their mate-
rial environment to their needs. The program
also studies how cultures interacted with materi-
als to produce technological systems, which in
turn helped to shape the cultures themselves.
This area of study combines the scientific
examination and experiments of the materials
laboratory, the scientific excavation of archae-
ological sites, the aesthetic feel of the technol-
ogy and appreciation of its products, and the
historical and anthropological study of the
contexts of the technologies in specific places
and times. The subjects, given in the Anthropol-
ogy/Archaeology Program and in the Depart-
ment of Materials Science and Engineering,
focus on different ancient societies and tech-
nologies, and on the ethnographic record of the
use of materials and techniques in the produc-
tion of art and material culture in general.

The specific projects currently under study in
the Laboratory for Research on Archaeological
Materials and in the field include examination of
pre-Columbian metalworking in the Andes and
in Mesoamerica, an investigation of the continu-
ity in ceramic technologies of Ecuador from
prehistoric to modern times, and a computer-
aided study of pottery engineering design in
ancient Ecuador.

Interested students should contact Professor
Heather Lechtman, Room 16-401, MIT,
Cambridge, MA 02139-4307, (617) 253-2172:
or Associate Professor Dorothy Hosler, Room
20D-105, (617) 253-6991.

Center for Materials Science and
Engineering

Supported primarily through a grant from the
National Science Foundation, the Center for
Materials Science and Engineering (CMSE)
funds coordinated research efforts on selected
interdisciplinary materials problems, and funds
the initiation of seed projects. The center also
maintains and operates nine central analytical
facilities in support of its research programs.
The facilities are open as well to all qualified
users in the MIT community.

CMSE presently conducts research in the
following areas: superconductivity: phases and
phase transitions: synthesis and properties of
novel polymers; and structure and properties of
grain boundaries in oxides.

This research is conducted by teams of stu-
dents and faculty drawn from seven different
departments in the Schools of Science and
Engineering: Chemical Engineering, Chemistry,
Electrical Engineering and Computer Science,
Materials Science and Engineering, Mechanical
Engineering, Nuclear Engineering, and Physics.
Graduate and undergraduate students partici-
pate actively in all aspects of the CMSE re-
search program. Student registration and most
academic appointments are handled by the
departments.
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The Central Research Facilities maintained by
CMSE are professionally staffed and contain
instruments that are up-to-date and often
unique. Training is provided to permit users in
virtually all facilities to make independent use of
the apparatus. Present laboratories include a
Crystal Growth Facility and a Chemical/Thermal
Characterization Facility equipped with calorime-
ters. thermogravimetric analyzers, a nuclear
magnetic resonance (NMR) spectrometer, and
equipment for chemical analysis. The Electron
Microscopy Facility contains high resolution,
state-of-the-art instruments for scanning
(SEM), environmental scanning (E-SEM),
transmission (TEM), and scanning transmission
(STEM) electron microscopy. Auger-electron
microprobes, a secondary-ion mass spectro-
meter (SIMS), an X-ray photoelectron spec-
trometer (XPS/ESCA), and a high energy
helium ion beam for Rutherford backscattering
(RBS) are among instruments available in a
Surface Analysis Facility operated jointly with
Harvard University. The capabilities of the com-
puter-controlled diffractometers in the X-ray
Diffraction Laboratory are augmented with high
intensity X-radiation available on three beam
lines operated at the Brookhaven National
Synchrotron Light Source. A number of sophis-
ticated techniques for the preparation and
processing of semiconductor devices is pro-
vided in the Microelectronics Technologies
Facility. Also available are both a student ma-
chine shop and the services of an instrument
maker.

A Central Facilities Directory and annual MIT
reports entitled Research in Materials at MIT and
Polymer Research are available through CMSE
Administrative Office, Room 13-2098, MIT,
Cambridge, MA 02139-4307.

Center for Organizational Learning

The Center for Organizational Learning, estab-
lished in 1991, is a consortium of corporations
that work together with MIT researchers to
advance the state-of-the-art in building learn-
ing organizations. The center has a special
interest in organizational capabilities to deal
creatively with complexity and change. It is
particularly interested in new organizational
capabilities in systems thinking, dialogue, and
building shared mental models and visions, and
in exploring how these capabilities relate to
improved measurement, coordination, and
continuous learning in organizations that are
increasingly distributing power and authority.

The center works with participating companies
that become involved on a collaborative basis.
There are many potentially important tools to
accelerate and deepen learning, but the range
of experiments needed to assess and refine
these tools exceeds the capabilities of individual
firms. With a growing body of theory about
generic, recurring organizational processes
such as product development and quality
management, and about the organizational
forces that can encourage or impede systemic
learning, meaningful tests of these theories
require comparisons among many organization-
al and business settings.

Senior Lecturer Peter Senge is director of the
center. For further information, contact Eileen
Mullen, One Amherst Street E40-294, Cam-
bridge, MA 02139-4307, (617) 253-1572.

Center for Real Estate

The Center for Real Estate provides an intellec-
tual focus for research on issues affecting the
real estate industry. Faculty associated with the
center are drawn from the Departments of
Architecture, Urban Studies and Planning, Civil
and Environmental Engineering, Economics,
and the Sloan School of Management. Current
research interests of the center include interna-
tional capital flows and their impact on domestic
real estate markets: issues related to portfolio
and asset management and institutionalization;
understanding the dynamics of market re-
sponse to disequilibrium in the supply and
demand for rental housing: structuring strategic
alliances with foreign partners: changes in the
banking industry and the implications for real
estate: the evolving structure of the real estate
industry; affordable housing; and research on
new forms of public/private partnerships.

The center encourages interaction between
members of the real estate industry and the
academic community through seminars, collo-
quia, lectures, and a series of summer courses.

The center is supported in part through mem-
berships from firms and individuals active in the
real estate industry.

The center also serves as the home for the
Master of Science in Real Estate program, an
interdepartmental degree program which com-
bines education in design, planning, construc-
tion, management, finance, and marketing. It is
intended to prepare students to assume posi-
tions of responsibility in private real estate
companies, financial institutions, government
agencies, nonprofit development organizations,
and consulting firms. The program requires 11
months of intensive study.

Further information about the center or the
Master of Science in Real Estate may be ob-
tained from William C. Wheaton, Director, Center
for Real Estate, W31-310, MIT Cambridge, MA
02139-4307.

Center for Space Research

The Center for Space Research offers students,
faculty, and professional research staff opportu-
nities to participate in a broadly based program
of space-related research. Its projects draw
upon the interests and expertise of scientists
and engineers from several MIT departments
and laboratories. For example, research pro-
grams are carried on in X-ray and planetary
astronomy, space plasma and gravitational
physics, and the life sciences. These experi-
mental studies usually involve experiments
carried by orbiting satellites, or deep space
probes. The experimental programs are supple-
mented by closely related programs of ground-
based research in similar fields and by labora-
tory development of suitable instrumentation for
the space-based and ground-based experi-
ments. An active program of theoretical studies
in astrophysics and space physics is also sup-
ported by the center.

- ~ ~
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Laboratory facilities include X-ray sources,
particle accelerators, vacuum chambers, con-
ventional electronic test and machine tool
equipment, and the Michigan-Dartmouth-MIT
Observatory in Tucson, Arizona. Extensive data
handling and computational facilities are avail-
able for the analysis and reduction of scientific
data. An experienced, well-equipped group of
engineers and technicians provides design,
construction, and testing of experiments in
support of the flight programs.

The variety of scientific and technical problems
that arise in these investigations affords numer-
ous opportunities for graduate thesis research.
In addition, there is major participation by
undergraduate students in programs of data
analysis and in the development of new
instruments.

Further information may be obtained from the
Office of the Director, Professor Claude R.
Canizares, Room 37-241, MIT, Cambridge, MA
02139-4307, (617) 253-7501.

Center for Technology, Policy, and Industrial
Development

The Center for Technology, Policy, and Industrial
Development (CTPID) is an Institute-wide
interdisciplinary research and educational center
at MIT established in 1985. The center brings
together on campus resources for teaching and
research on policy and management issues at
the intersection of science, technology, and
industrial development.

The center has three major objectives: to
achieve more effective utilization of science and
technology in policy and management deci-
sions; to perform a catalytic integrating role
within MIT; and to educate future leaders with
dual competency in technology and policy. The
major educational initiative at CTPID is the
Technology and Policy Program, which offers a
Master of Science degree as well as a Ph.D.
degree in Technology and Policy.

The center's research activities concentrate on
understanding technical and social issues
associated with large-scale systems; the pro-
cess of technological innovation and adoption
of new technologies by industry; role of govern-
ment, industry, and universities in technological
and institutional innovation; relationships be-
tween technology, business, and the environ-
ment in shaping approaches for preventing or
mitigating environmental pollution; and technical
and regulatory frameworks for an open commu-
nications infrastructure. The center's research
efforts go beyond the traditional basic research
role of the university, encompassing assistance
in the policy-making process.

CTPID has extensive experience in conducting
large-scale research activities involving
interaction with industry and government. A
major research program at CT PID over the past
seven years has been the International Motor
Vehicles Program (IMVP). Other current

research programs, similarly interdisciplinary in
nature, include the Lean Aircraft Initiative;
Program in Technology, Business and the
Environment; Chlorine Industrial Ecology
Program; ongoing research activities of the
Materials Systems Laboratory on materials
substitution and selection within the automotive
industry; technology and law; communications
technology and policy; and international
competitiveness.

CTPID has a full-time professional research and
administrative staff, in addition to providing a
focal point for research for a sizeable number of
MIT faculty members and other research affili-
ates. The center's research staff members have
advanced educational training in the physical
sciences, engineering, economics, law, man-
agement, political science and other social
science disciplines. Many have extensive prior
experience in government, industry, universities,
foundations and other nongovernmental
institutions.

Graduate and undergraduate students inter-
ested in further information on the center may
contact the Director, Professor Daniel Roos,
Room E40-209, MIT, Cambridge, MA
02139-4307.

Center for Transportation Studies
The Center for Transportation Studies was
established to promote interdepartmental coop-
eration in innovative research and to provide a
focal point for educational programs in transpor-
tation within the Institute. The center's research
involves all modes of transportation, both pas-
senger and freight, in both the public and
private sectors. It ranges from broad conceptual
planning to the specifics of equipment design
and operations analysis.

The center promotes interaction among faculty
members from all Schools at MIT as well as
other universities and organizations concerned
with transportation, recognizing that the solution
to complex problems requires close ties be-
tween technological possibilities and their social,
economic, ecological, and political ramifications.

Recent research projects include development
of algorithms and computer software for logisti-
cal and network problems; urban and suburban
congestion; intelligent vehicle highway technol-
ogy; advanced driver information systems;
airline yield management studies of the airline
industry under deregulation; development of
dynamic models of transportation systems;
expert systems applied to transportation prob-
lems; finding ways of improving productivity in
railroads, trucking, and transit; intercity passen-
ger transportation systems; the design of transit
networks; railroad terminal control systems;
railroad economics; interactive graphics for
routing and scheduling aircraft; high-speed civil
transportation operations; ground-holding
policies in air traffic control; applications of new
data technologies; total data quality manage-
ment; research on motor vehicle technologies;
human factors in high speed rail operations;

transit and transportation policy implications of
the clean air act; ocean environmental manage-
ment; institutional issues in intelligent vehicle
highway systems (IVHS); interactive multimedia
systems for land use and transportation plan-
ning. The center also has been involved in
major projects in Egypt, Spain, and Brazil
dealing with infrastructure, railroads, and opera-
tions management. Research sponsorship
includes a range of governmental and industrial
organizations affording students wide opportuni-
ties for involvement in newly evolving research
areas.

The center is the lead university in Federal
Region I of the University Transportation Centers
Program administered by the US Department of
Transportation. Through this program, full and
partial fellowships will be awarded to graduate
students in the transportation area. Also, a
number of full-time and part-time research and
teaching assistantships are available through
this and other programs. Undergraduates also
may participate in sponsored research through
URO P.

Graduate programs leading to the master's and
doctoral degrees, as well as professional train-
ing, are available through the departments
associated with the center, including
Aeronautics and Astronautics, Civil and Environ-
mental Engineering, Economics, Mechanical
Engineering, Ocean Engineering, Political
Science, Sloan School of Management, and
Urban Studies and Planning.

The Master of Science in Transportation (MST),
an interdisciplinary degree offered by graduate
departments and administered by the center, is
designed to prepare students either for careers
in transportation or for doctoral work. Students
with a variety of backgrounds including engi-
neering, social sciences, management, architec-
ture, urban studies, and operations research
participate in the program. Entering students
should have a basic knowledge of economics,
calculus, and probability.

The remainder of the program builds upon
specific program areas of professional interest,
such as air, ocean, urban, or freight transporta-
tion; transportation systems analysis; and trans-
portation logistics and carrier management.
Students in the MST program draw heavily on
the subject offerings at the Institute in many
areas, including information systems, various
management disciplines, urban studies, eco-
nomics, engineering, and political science.

Students admitted to the Master of Science in
Transportation may propose programs of work
in a second field leading to a second master's
degree. Some examples of second areas in-
clude engineering, operations research, urban
studies, and management. The student must be
formally admitted for study in the second field
and must apply for admission at least two
regular terms before completion of the program.
Normally, the student must complete the sub-
ject requirements for both degrees but may
submit a joint thesis.
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The center has developed a double master's
program with the Sloan School of Management
leading to both the Master of Science in Trans-
portation and the Master of Science in Manage-
ment degrees. This is a 24-month program
which includes an internship at a host company
leading to a thesis satisfying that requirement for
both degrees.

A new interdepartmental doctoral program in
transportation has been designed for graduates
of the Master of Science in Transportation, or
equivalent transportation master's degrees at
other universities. Every student in this program
must have a defined area of methodological
expertise as well as substantive knowledge of
transportation systems. This program is admin-
istered by the same standing faculty committee
responsible for the Master of Science in Trans-
portation program.

The Center for Transportation Studies attempts
to provide financial assistance in the form of
fellowships and research and teaching assis-
tantships to all qualified students in fields where
the center is active.

Students interested in coming to MIT for trans-
portation studies or in learning more about the
center and its programs should write to Profes-
sor Yosef Sheffi, Director, Center for Transporta-
tion Studies, Room 1-123, MIT Cambridge, MA
02139-4307. For each student admitted, an
appropriate department of registration will be
selected based on the individual's background
and area of specialization.

Clinical Research Center

The MIT Clinical Research Center is a small,
fully equipped and staffed research facility on
campus that enables interested scientists to
perform biomedical research involving human
subjects. Its existence allows students at all
levels to gain experience with human subjects
and human disease. Research projects in
progress are in the areas of metabolism,
psychiatry, neurology, and clinical pharma-
cology. Most projects involve collaboration
between basic and clinical scientists.

The facilities of the center are open to all depart-
ments in the Institute, and its principal investiga-
tors are faculty members and research scientists
from many different departments. Although
most patients participating in research studies at
the Clinical Research Center come from the
Boston area, many are referred from other parts
of the United States. Research opportunities are
available for undergraduate and graduate
students contemplating careers in the medical
sciences and for postdoctoral physicians.

Further information may be obtained by contact-
ing the Office of the Director, Dr. Richard J.
Wurtman, Room E17-445, MIT, Cambridge. MA
02139-4307, (617) 253-3091 or 253-3092.

Concourse Program for First-Year
Students

Freshmen who wish to have the ambiance of a
small school in their first-year studies may elect
the Concourse Program. Concourse offers the
standard curriculum for freshman year taught by
MIT faculty in the sciences and humanities. A
group of about 60 students take these courses
and are encouraged to work together. Faculty
and tutors are available to students directly. The
program covers and provides credit for the
General Institute Requirements for the first year.
Refer to the section Concourse Program in
Chapter III for additional details.

Decision Sciences Program

Decision sciences is an interdisciplinary topic
emerging in importance in many industries in
both service and manufacturing sectors. It is a
field that helps to guide individuals and firms in
making informed decisions, often concerning
the effective use of scarce financial, human, and
technical resources. The explosive development
of new sources of information and the continu-
ing emergence of ready access to faster and
more powerful computers has created both
enormous potential and considerable need for
more informed decision making. The Decision
Sciences Program (DSP) aims to exploit these
opportunities by developing innovative educa-
tional and research programs and by working
closely with industry.

Decision sciences is a field with numerous
applications in engineering, management, and
the life and physical sciences, and in industries
as wide-ranging as biotechnology, manufactur-
ing, public systems telecommunications, and
transportation. The disciplinary base of the
decision sciences ranges from behavioral
decision theory and psychology to applied
mathematics, economics, operations research,
optimal control, and statistics, all topics that help
inform individuals and organizations in making
decisions. Recognizing the interdisciplinary
nature of the field, the DSP draws upon faculty
and student interests from all five Schools at
MIT and coordinates activities across several
existing centers and laboratories, including the
Operations Research Center (ORC), Laboratory
for Information and Decision Systems, Center
for Transportation Studies, Leaders for Manufac-
turing Program, and the Center for Computa-
tional Research in Economics and Management
Science.

One of the primary goals of the Decision
Sciences Program is to support graduate edu-
cation in the decisions sciences, enriching
ongoing programs such as those at the ORC,
and creating new opportunities in fields such as
statistics and decision processes. The ORC's
program focuses on models, algorithms, and

applications. The statistics program addresses
not only traditional material on statistical theory,
but also places considerable emphasis on
issues of statistics in the new information and
technology era, including issues of computa-
tion, large-scale information data sets, process
control, total quality management, and various
allied applications. The decision processes track
considers such issues as human processing of
information, man-systems interactions, and
group decision making.

A centerpiece of the DSP is a Transactional Data
Laboratory. Examples of transactional data
include bar code laser-scanned data from
supermarkets, customer interaction data from
automatic teller machines, materials movement
and position data from assembly lines, stocks
and options trading data, point of sale data from
retailers, and satellite data giving estimates of
vehicle locations. The laboratory is equipped
with a sample of the new transactional data
acquisition technologies that are giving rise to
the gigabyte data explosion, for example, pres-
sure sensitive mats for detecting the presence
of customers, infrared and ultrasonic customer
detectors, various portable vehicle presence
detectors and professional videotaping equip-
ment to monitor the accuracy of recorded data
from actual operations.

For further information on the Decision Sciences
Program, contact Professor Thomas L. Mag-
nanti, Room E40-439, MIT Cambridge, MA
02139-4307, (617) 253-3601, or the Operations
Research Center Headquarters, Room E40-149,
(617) 253-3601.

Defense and Arms Control Studies Program

Because of its special history and its promi-
nence in science and engineering, MIT has
an important role in discussions of security
issues including arms control options and
weapon acquisitions. Thus, an interdisciplinary
graduate level research and educational pro-
gram in defense and arms control studies has
been established in the Center for International
Studies.

Opportunities exist to concentrate in security
issues at the master's and doctoral levels.
Students enter the program through admission
to the Department of Political Science or apply
for an interdisciplinary degree. Faculty for the
program are drawn from several departments at
the institute and include scientists and engi-
neers as well as social scientists. The program's
strength lies in the integration of technical and
policy studies.

For further information, contact Professor
Harvey M. Sapolsky, Director, Defense and
Arms Control Studies Program, Room E38-602,
MIT Cambridge, MA 02139-4307, (617)
253-5265.
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Draper Laboratory

The Charles Stark Draper Laboratory (formerly
the Instrumentation Laboratory) separated from
MIT in 1973 to become an independent non-
profit research and educational organization.
Mechanisms exist to permit the continuation of
joint research activities and to allow the labora-
tory to continue its unique contributions to the
Institute's educational program. Opportunities
are available in the VI-A Program, Space Grant,
the Engineering Internship Program, the Sec-
ond Summer Program, and part-time employ-
ment. Draper fellowships for SM. and Ph.D.
candidates are described in the Graduate
School Manual. Copies are available from the
Office of the Dean of the Graduate School,
Room 3-138, (617) 253-4860, and from depart-
ment graduate offices.

The laboratory is engaged in the research and
development of autonomous and highly auto-
mated vehicle systems; guidance, navigation,
and control systems; and avionics systems. Its
preferred role is that of design agent, designing
and developing prototype systems, qualifying
competitive production sources for those sys-
tems, and supporting the government during
the production and fielding of those systems.

The corporation's charter stresses its nonprofit
responsibility to pioneer in science and technol-
ogy, to contribute to the national interest, and to
promote the transfer of technology through
education.

A number of MIT faculty members maintain a
close association with the laboratory, and thesis
research opportunities exist that fulfill the resi-
dency requirement for an MIT degree in all
phases of systems engineering, including basic
theory, mathematical analysis, computer stud-
ies, component design and evaluation (me-
chanical, electrical, and optical), and system
synthesis. Students are in direct daily contact
with the professional staff of engineers and
scientists of the laboratory, and thus learn to
appreciate the economic and human as well as
the technical aspects of a system. Undergradu-
ate and graduate students also may be em-
ployed by the laboratory and work directly on a
project.

Within walking distance of the main campus,
Draper Laboratory is located at 555 Tech
Square, Cambridge, MA 02139-3582. Informa-
tion may be obtained by contacting John
Sweeney, (617) 258-2393, or MIT extension
182-82393.

Economics and Urban Studies

A doctoral program is offered jointly by the
Departments of Economics and Urban Studies
and Planning (USP) at MIT This program aims
to integrate the analytic emphasis of economics,
together with its research opportunities, with the
institutional and policy orientation of urban
studies. Both research and active intervention
into urban problems benefit from such a
combination because of the complexity and

context-boundedness of urban issues. A wider
variety of career opportunities is available to
program participants than to specialists in either
field. Students desiring to enter the program
must be admitted to both departments and then
explicitly to the joint degree program. Specific
requirements for Economics are the same as for
the Economics Ph.D. with only two major fields
and one minor, instead of two major and two
minor fields: and economic history is not
required. The specific requirements for Urban
Studies are the same as for the Ph.D. except for
substitution of an Economics general
examination field for one of the required Urban
Studies fields. One dissertation is required with
acceptance by both departments. The program
is administered by an informal Standing
Committee.

Further information is available from Professor
Jerome Rothenberg, Room E52-355, MIT,
Cambridge, MA 02139-4307, (617) 253-2674,
or from Professor William C. Wheaton, Room
E52-252B, (617) 253-1723.

Energy Laboratory

Established in 1972, the Energy Laboratory
provides a focus for strengthening energy
activities on campus, with emphasis on con-
ducting research to illuminate energy and
environmental issues. This year, Energy Labora-
tory research projects involve about 25 research
staff and visitors, 65 faculty, and 165 students
from most academic departments. Graduate
and undergraduate students are an integral part
of the interdisciplinary research teams working
on fundamental and mission-oriented projects
that address technical and socioeconomic
aspects of important energy issues.

The Energy Laboratory includes the Center for
Energy and Environmental Policy Research,
Center on Airborne Organics, Combustion
Research Facility, Electric Utility Program, MIT/
Idaho National Engineering Laboratory Collabo-
rative Program, and the Sloan Automotive
Laboratory. The laboratory also participates in
joint programs with the Center for Environmen-
tal Health Sciences, Laboratory for Electromag-
netic and Electronic Systems, Plasma Fusion
Center, and the Program in Science, Technolo-
gy and Society.

Recognizing the importance of energy to envi-
ronmental, economic and social well-being,
laboratory researchers are developing new and
improved energy technologies, practices and
policies. Much current research focuses on
finding environmentally acceptable ways to use
"dirty fossil fuels such as coal and heavy
cru des. Some research focuses on modification
of the combustion process itself. Based on the
combined results of combustion experiments
and mathematical modeling, the laboratory is
developing alternative processes and operating
conditions leading to advanced combustor
designs, and is studying combustion character-
istics of alternate fuels. An integral part of these
studies is joint research with chemists and

toxicologists to characterize emissions and their
impact on health and environment.

Another option is to convert lower grade fuels to
liquids and gases that are more cleanly and
efficiently burned. Diverse projects range from
the engineering science of solids comminution
to the basic reactivity of coal char, and in the
fuels area, new technology for conversion of
natural gas to solid carbides that are easily
handled and can be upgraded to valuable
petroleum feedstocks.

Themes of conservation and energy efficiency
characterize many projects; for example, the
Sloan Automotive Laboratory is examining
improved designs for spark-ignition and diesel
engines in order to increase fuel efficiency while
minimizing emissions. Other projects study use
of ceramic materials to increase engine per-
formance and durability: energy efficient build-
ings, indoor air quality and advanced insulating
materials; and identification of energy efficient
opportunities for the pulp and paper industry.

Other research relates to electric power genera-
tion technology. For the nuclear option, the
laboratory is investigating ways of safely extend-
ing the lifetime of existing plants and developing
new reactor designs for smaller, passively safe
systems. The laborato studies the environ-
mental and economic actors influencing how
electric utilities operate, and creates methodolo-
gies for utilities to use in planning for future
operational needs. In addition, the laboratory
considers how existing central utility systems
will be affected by additions of large cogenera-
tion units and more dispersed or intermittent
generators, such as photovoltaics. Members of
the Electric Utilities Program, including utilities,
equipment suppliers and one government
agency, contribute funding and guidance to
much of this research.

Additional projects focus on environmental
transport and fate of liquid, gaseous, and solid
releases from energy-related equipment and
facilities. These include modelling of dispersion
of coolant streams from electric power plants,
improved instrumentation for in situ measure-
ment of volatile organic compounds in ground-
water, detection methods for groundwater
contamination and identification of pollution
sources, studying the destruction of hazardous
or waste materials by oxidation in supercritical
water, and the effect of acid rain on surface
waters and aquifers. A program on global
climate change tries to understand the complex
linkages between energy technology, econom-
ics, policy and global climate in order to define
responsible options for future policy and tech-
nology options.

Nonfossil based energy sources are attractive
because they are virtually free of greenhouse
g as emissions and are domestically available.
Technologies relevant to new energy sources
include hot dry rock geothermal energy. Active
projects examine flame jet spallation drilling and
potential new applications for concentrated solar
energy fluxes and use of biomass fuels.
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A new program on life-cycle planning and
industrial ecology focuses on developing new
approaches to analyzing trade-offs among
competing technological and policy alternatives
on a broad system basis. Trade-ofs may in-
volve factors such as economics; environmen-
tal, health and safety values; current and future
costs; perceived and actual risks; energy and
resource conservation; and system reliability.
Specific projects include recycling of paper and
its impact on industry and society, as well as
recycling of automobiles. The models are being
developed as planning tools for stakeholders to
develop better strategies for the future.

The Center for Energy and Environmental
Policy and Research (CEEPR) involves MIT
faculty, staff, and students in studies of interna-
tional and domestic energy and environmental
policy in six areas. Research on energy indus-
try project evaluation and contracting focuses
on developing new analytical methods to ad-
dress the strategic costs and benefits asso-
ciated with energy price shocks and operating
cost uncertainty, for example, studies of optimal
timing of construction schedules; comparative
analyses of changing oil royalty and tax policies;
and optimal design of primary energy supply
contracts. Research on International energy
markets examines the origin and impact of
events that have profoundly affected internation-
al economic and financial systems, economic
growth, and the relationships between energy
importing and exporting countries.

The center's Program on Energy Industry
Organization and Regulation emphasizes the
electric utility industry, impact of energy price
shocks on transportation industries changing
structure of the gasoline marketing system,
studies of the incidence of gasoline taxes, and
conceptual studies on the design of regulatory
incentives for both energy and environmental
systems. The Energy Demand, Productivity,
and Economic Growth Research Program
focuses on the impact of energy price shocks
and uncertainty of manufacturing industry
productivity, and on conceptual and empirical
studies of the relationship between energy-re-
lated technical advances embodied in capital

9 oods and consumer durables and the implica-
tions for energy use and economic growth.

The Technology Policy Program studies com-
parative performance analyses of the interna-
tional nuclear industry, develops protocols for
nuclear plant maintenance and management
practices to improve plant safety. Finally, the
Environmental Economics Program develops
economic, energy, and environmental models
for assessing energy and environmental poli-
cies, and conducts research on the design,
implementation, and analysis of alternative
policy approaches.

Further information about the Energy Laboratory
may be obtained by contacting the Headquar-
ters Office, Room E40-455, MIT, Cambridge,
MA, 02139-4307 (617) 253-3400.

Undergraduate programs in energy study and
research are available in most MIT departments,
including those in the School of Engineering.
These prepare students for careers in the en-
ergy field that can be entered immediately upon
graduation. Such programs include the basic
sciences and applied sciences, such as fluid
and solid mechanics, heat, controls, chemical
processes, economics, and materials. Special-
ized subjects lead more directly toward careers,
as in exploration for and production of uranium
and fossil fuels; development of alternative
energy sources such as solar, wind, and geo-
thermal; petroleum refining; manufacture of
synthetic fuels; conventional and nuclear gen-
eration of electric power; energy conservation in
building, transportation, and manufacturing; and
energy policy. All undergraduate engineering
programs provide preparation for graduate work
in the field of energy.

Opportunities exist for undergraduates to work
on energy-related research projects offered by
the centers, laboratories, and academic depart-
ments for thesis, other academic credit, or for
pay through UROP

Further information, including lists of advisors,
programs, subjects, and research topics related
to energy, is available through the Office of the
Dean of Engineering, Room 1-206, MIT,
Cambridge, MA 02139-4307.

Graduate programs in all of the Schools at MIT
prepare students for careers in all aspects of
energy science, engineering, management, and
policy.

Students interested in graduate work should first
gain admission to the academic department
whose program best matches their background
and interests. An individualized program of
advanced study and research can be arranged
by a balance of fundamental and interdiscipli-
nary subjects that deal with diverse aspects of
energy supply, utilization, and policy, and by
selection of an appropriate thesis topic. Energy
advisors have been appointed in each
department to provide information on elective
subjects, degree programs, and research
opportunities. A brochure containing further
information and the list of advisors is available
from the Office of the Dean of Engineering,
Room 1-206, MIT, Cambridge, MA 02139-4307.

Environmental Studies

Topics related to the natural environment are
included in many disciplines represented in
MIT's curriculum, reflecting today's increased
awareness of the environmental implications of
human activities. Departments with structured
environmental programs are listed here by
school and college. Refer also to the descrip-
tions of individual departments in Chapter VII of
this catalogue.

The Department of Urban Studies and Plan-
ning in the School of Architecture and Planning

offers both undergraduate and graduate de-
grees in planning, with a speciality in environ-
mental planning. The environmental curriculum
focuses on the legal, institutional, and economic
tools which society uses to conserve and man-
age its environmental resources.

The Department of Civil and Environmental
Engineering in the School of Engineering offers
both undergraduate and graduate degree
programs in Environmental Engineering Sci-
ence, which prepare engineering students for
careers in the environmental field. These pro-
grams include subjects in the physical, chemi-
cal, and biological sciences as well as environ-
mental technology, economics, and public
policy. The Departments of Chemical, Mechani-
cal, Ocean, and Nuclear Engineering also
provide opportunities for students interested in
the environmental and energy-related effects of
industry.

The Department of Earth, Atmospheric, and
Planetary Sciences in the School of Science
offers an undergraduate degree as well as
several graduate options, including meteorology
and oceanography. The department's curricu-
lum focuses on the basic scientific disciplines
needed to understand problems such as global
climate change, earthquakes, and severe
storms.

The Division of Toxicology, Whitaker College of
Health Sciences and Technology, offers gradu-
ate degree programs which deal with the hu-
man health aspects of environmental quality.
The core curriculum emphasizes chemistry,
biochemistry, molecular biology, genetics,
toxicology, and pharmacology.

Further information is available in departmental
descriptions in Chapter Vii.

Experimental Study Group

The Experimental Study Group (ESG) is open to
freshmen and sophomores interested in
participating in a small, informal academic
program that offers credit primarily in core
subjects through study groups and tutorials
designed to meet particular student interests
and needs. The details of the program can be
found in Chapter 111, Undergraduate Education.

Information can be obtained by contacting
Professor Vernon Ingram, Room 24-612, MIT,
Cambridge, MA 02139-4307, (617) 253-7786.

Health Sciences and Technology

MIT's programs in health sciences and technol-
ogy are organized within the Harvard-MIT
Division of Health Sciences and Technology
(HST). The Medical Engineering/Medical Phys-
ics and Biomedical Engineering portions of the
HST program are described in this chapter.
Additional information about HST may be found
at the end of Chapter VII.
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Industrial Relations Section

The Industrial Relations Section was founded in
1937 at a time when many economists were
shifting their attention to the challenging prob-
lems of understanding the rise of trade unions
and the operations of industrial labor markets.
Initially located within the Department of Eco-
nomics, the section was given a new home and
expanded with the creation of the Sloan School
of Management in the early 1950s.

Today, the section comprises approximately 15
faculty members from various parts of the
campus, including the Departments of Urban
Studies and Planning, Political Science, Eco-
nomics, History, and the Sloan School-with the
majority coming from the Behavioral and Policy
Sciences Area of the Sloan School.

Areas of research within the section include
labor-management relations, labor market
theory and policy analysis, human resource
management, technology and its relation to
organization and industrial structure, negoti-
ation, dispute resolution, employment policy for
disadvantaged workers, training, part-time work,
and health and safety.

The section administers a fellowship program
for doctoral students primarily enrolled in the
Ph D. program of the Sloan School. However,
Students from other departments at MIT have
become members of the section, participating
in the weekly seminars and working closely with
faculty members.

The Tuesday Workshop brings together faculty
members and graduate students from around
the Boston area to discuss work-in-progress
and serves as a major focal point for interest in
the fields of industrial relations and human
resource management.

Codirectors of the section are Professor Paul
Osterman and Professor Thomas A. Kochan.
For additional information about the section or
any of its activities, contact Susan Wright, MIT
Sloan School of Management, 50 Memorial
Drive, Room E52-580, MIT, Cambridge, MA
02139-4307, (617) 253-9457.

Integrated Studies Program

The Integrated Studies Program (ISP) offers a
group of about 40 freshmen the opportunity to
examine technologies in both their cultural and
historical frameworks. The distinguishing feature
of the program is hands-on exploration of
technologies such as water management;
weaving: blacksmithing and clock, communica-
tions, and engine design and assembly. ISP
students may fulfill their General Institute Re-
quirements in calculus, physics, chemistry, and
HASS-Distribution Requirement subjects within
the program. ISP is described in greater detail
in Chapter 1I1.

Interdisciplinary Programs In Humanities

The School of Humanities and Social Science
offers a number of subjects and programs of an
interdisciplinary nature for undergraduates.
Descriptions of the various interdisciplinary
programs can be found under the School of
Humanities and Social Science in Chapter VII.

International Center for Research on the
Management of Technology

The research agenda of the Center for Interna-
tional Research on the Management of Technol-
ogy embraces three functional areas critical to a
technology-based organization's ability to
create and deliver new products and services to
the marketplace: research, development, and
engineering: marketing; and production and
operations. Research themes include reducing
the time it takes for a product to reach the
market, bringing the customer's interests into
the design process, total quality, and managing
technology on a global basis.

The center grew out of the successful Program
of Research on Technology-Based Innovation
that has operated within the Sloan School for
more than 25 years. The new orientation in
research comes from a recognition that the
natural step beyond developing knowledge in
the functional areas of research and develop-
ment, marketing, and production is the develop-
ment of knowledge concerning the interface of
these functions. Feedback from industry sug-
gests that these interfaces are in many ways
more important than the problems of managing
within the function.

The broader perspective acknowledges the
trend towards globalization of business and the
major implications that this has for an enter-
prise's management of technology. The man-
agement of technology as a geographically
dispersed process has become a major strate-
gic issue for leading firms.

More than 25 faculty are involved with the
center, which carries out about 20 research
projects a year. Twenty students, mostly doctor-
al candidates from the Sloan School, also work
with the projects.

Thomas Allen, Gordon Y Billard Fund Professor
of Management, and Glen Urban, Dai-Ichi
Kangyo Bank Professor of Management, are
co-directors of the center. Roger Samuel is the
executive director. For further information,
contact the center at 38 Memorial Drive
E56-390, Cambridge, MA 02139-4307, (617)
253-7991.
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International Financial Services Research
Center

The International Financial Services Research
Center is a partnership of industry and MIT
established in 1988 to advance knowledge of
and imp rove the practice of management in the
global financial services industry. The center
supnorts more than 30 faculty and research
stY

Research takes four main themes: risk manage-
ment in financial services firms--data manage-
ment, financial modeling, statistical analysis, and
organizational elements of risk assessment and
control: the use of information technology to
improve productivity--new developments in
technology and the facts that inhibit successful
realization of information technology-related
productivity gains; structural change in interna-
tional corporate finance--the challenges and
opportunities confronting firms in multinational
financial planning, capital risk management, and
other related topics; and statistical research on
securities prices--an ongoing study of the
behavior of equity, fixed income, and foreign
exchange markets.

Support is also given to a number of projects
that are of individual importance or are seeds of
potential future themes. The center's funding
comes from corporate sponsors in the financial
services sector. Up to about 20 research assis-
tants work with faculty, primarily at the Sloan
School, and are funded through the project
each year.

Stewart C. Myers. Gordon Y Billard Professor of
Finance, is the director of the center. Associate
Professor Paul Asquith (Accounting and Con-
trol) is associate director. For further information,
contact Patricia McGinnis, executive director,
One Amherst Street E40-259, Cambridge, MA
02139-4037, (617) 258-8167.

Laboratory for Computer Science

The Laboratory for Computer Science is an
interdepartmental laboratory whose principal
goal is research in computer science and
engineering. The laboratory includes 15 re-
search groups, currently staffed by approxi-
mately 400 faculty, students, and staff members.
The academic members of the laboratory are
from the Departments of Electrical Engineering
and Computer Science, Mathematics, Schools
of Humanities and Architecture, and the Sloan
School of Management.

The Laboratory for Computer Science, formerly
Project MAC, was established in 1963 for the
advancement of time-shared computer sys-
tems. It developed the Compatible Time-Shar-
ing System (CTSS), one of the first time-shared
systems in the world, based on pioneering work
at what was then the MIT Computation Center.
Subsequently, the laboratory developed Multics,
an improved system that introduced several
new concepts in time-sharing. These two major
developments stimulated research activities in
the application of on-line computing to such

diverse fields as engineering, architecture,
mathematics, biology, medicine, library science,
and management.

Since that time, the laboratory's pursuits have
expanded, leading to pioneering research in
Expert Systems, Com uter Networks, and
Public Cryptography. The laboratory is now
engaged in research activities that broadly span
four principal areas: Parallel High Performance
Computing Systems: Systems, Languages, and
Networks: Intelligent Systems: and Theory.

The Laboratory for Computer Science fosters
participation in research by undergraduate and
graduate students. Research assistantships are
available to graduate students for work in all
aspects of the research program, and under-
graduates may work at the laboratory under
UROP Facilities are provided for thesis research
and special projects to both graduate and
undergraduate students.

Further information may be obtained by contact-
ing Carol Robinson, Room NE43-101, MIT,
Cambridge, MA 02139-4307, (617) 253-5844.

Laboratory for Electromagnetic and
Electronic Systems

The Laboratory for Electromagnetic and Elec-
tronic Systems (LEES) is a coalition of 12 faculty
and 10 research staff from the Departments of
Electrical Engineering and Computer Science,
Mechanical Engineering, and Architecture.
Disciplines represented include power electron-
ics, automatic control, electromechanics, contin-
uum electromechanics, heat and mass transfer,
high voltage and insulation research, quantita-
tive physiology, cell biology, systems analysis
and economics. Interactions with other Institute
and area laboratories contribute to the success
of the highly interdisciplinary research that is the
style of this laboratory.

Power electronics research ranges from device
analysis and fabrication to circuit design and
systems development and control. Research is
also involved with the modeling, analysis, esti-
mation, and control of electric machines and
bulk power systems. Special interest focuses on
automotive electrical systems and the integra-
tion of electromechanics, power electronics,
and digital/analog signal processing in motors
for equipment ranging from appliances to high
performance robots. A major program within the
aboratory is the design of a high speed mag-
netically levitated ground transportation system.

It is the electrical behavior of gases, liquids, and
solids - especially combinations of these - that
is the subject of the high-voltage research at
LEES. With the objective of understanding
micro-discharges in gases and solids and the
evolution of charge in liquid dielectrics,
electrooptical and digital techniques are being
used to shorten the time scale and increase the
sensitivity and the spatial resolution with which
phenomena can be observed. Applications
include pulsed power energy storage, power
generation, processing and transmission appa-
ratus, and the development of new materials for

capacitors. In one current interdisciplinary
project with the Microsystems Technology
Laboratory, a micromotor having a 300-micro-
meter rotor has been fabricated. In another
project micro-discharges, electromechanically
induced vibrations, micro-dielectrometry, and
chemical sensing are combined with electrical
and thermal measurements to discern trends in
the operation of large utility transformers and to
predict their future performance.

These and other activities involve the discipline
of continuum electromechanics. Electrification
phenomena associated with electrokinetic
processes in liquid dielectrics -used both to
insulate and cool transformers and switch-gear
-are in this category, as is work on sensors
and actuators for deducing electrical, magnetic,
mechanical, and thermal parameters and vari-
ables in heterogeneous systems.
Work on the continuum electromechanics of
cartilage focuses on the role of mechanical,
chemical, and electrical forces in diseases such
as osteoarthritis and on the role of mechanical
forces in the repair of living cartilage and the
synthesis of living, replacement tissue. Related
research aims at detection and diagnosis of
early cartilage degeneration using surface
electromechanical spectroscopy and NMR.
Work on electrically controlled transport through
polyelectrolyte membranes is aimed at drug
delivery systems and protein separations in
biotechnology. The electron beam and other
high-voltage radiation facilities have a long
tradition of medical applications. These facilities
are a resource in promoting physical and
chemical processes.

The many projects concerned with hardware
and software needs of the electric utilities, as
well as the resources provided by the Energy
Laboratory's Electric Utilities Program, provide a
natural setting for the laboratory's extensive
work in the area of power systems. This work
includes apparatus and systems monitoring,
and the development of new methods of analy-
sis, modeling, and control as demanded by
systems that are increasingly deregulated and
stressed to deliver reliable, high quality power
economically.

The interdisciplinary interests and capabilities of
LEES faculty and students underlie the
laboratory's significant role in both the Leaders
for Manufacturing and New Products programs
of the Management and Engineering Schools.
Through these programs the laboratory is
engaged in research on CAD tools for design
and manufacturing, the transfer of new
technology to industry, and the product design
process.

All programs within the laboratory are carried
out with the assistance of both undergraduate
and graduate students under the supervision of
faculty members.

Further information may be obtained by contact-
ing the Office of the Director, Professor John G
Kassakian, Room 10-172, MIT, Cambridge, MA
02139-4307, (617) 253-4631.
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Laboratory for Information and
Decision Systems

The Laboratory for Information and Decision
Systems is an interdepartmental laboratory for
research and education in systems, communi-
cations, and control. Computers and computa-
tion play an important role in this research. The
laboratory is staffed by over 100 faculty,
research scientists, and graduate students
principally from the Departments of Electrical
Engineering and Computer Science, Mechani-
cal Engineering, and Ocean Engineering.
Research falls into three main areas.

Research in Communication Science and
Systems ranges from studies of the underlying
information theoretic properties of networks and
point-to-point systems to architectural design.
A major research program in this area deals with
reliable, efficient communication in data net-
works. Some of the topics in this program are
routing, flow control, the communication com-
plexity of distributed algorithms, contention
resolution in broadcast networks, protocols,
failure recovery, and topological design. Another
program treats optical fiber local area networks
from a fundamental viewpoint. A new thrust is
on very high speed integrated wide area net-
works.

Research in Systems and Control Science
ranges from fundamental studies in determinis-
tic and stochastic systems, multivariable and
adaptive control, nonlinear estimation and
statistical signal processing, and large-scale
and distributed systems to application areas
such as control of large space structures. A new
thrust is the study of perceptual systems, artifi-
cial and natural, such as speech recognition
and vision and intelligent control from a funda-
mental viewpoint. In addition, development of
algorithms and special computer structures for
estimation, signal processing, and control
systems are integral parts of this research. New
computational paradigms of analog and neural
computation are also under investigation.

Research in Computer and Information Sys-
tems is concerned with basic problems in the
use of computers in complex information trans-
fer and retrieval systems.

The Center for Intelligent Control Systems,
established in 1986, is an interuniversity, inter-
disciplinary center for research in the founda-
tions of intelligent machines and control
systems, and is located administratively within
MIT's Laboratory for Information and Decision
Systems. The center is operated by a consor-
tium consisting of Brown University, Harvard
University, and MIT Dr. Sanjoy K. Mitter, Profes-
sor of Electrical Engineering at MIT, serves as
Director of the Center with Professors Roger W.
Brockett and Donald McClure, from Harvard
University and Brown University respectively, as
Associate Directors. The center involves ap-
proximately 30 faculty, 6 postdoctoral students,
and 18 Ph.D. students Its research and educa-
tional mission is directed toward the develop-
ment of conceptual and mathematical aspects

of the study of intelligent control systems,
drawing on relevant work in mathematics,
statistics, communications, and computer
science, as well as work in control theory itself.

Research opportunities are available in the
laboratory for both undergraduate and gradu-
ate students. Undergraduates may participate
through UROP

Further information may be obtained by contact-
ing the Offices of the Codirectors, Professor S.
K. Mitter, Room 35-308, MIT, Cambridge, MA
02139-4307, (617) 253-2160, and Professor R.
G. Gallager, Room 35-206, (617) 253-2533, or
by calling the center at (617) 253-2142.

Laboratory for Manufacturing and
Productivity

The Laboratory for Manufacturing and Produc-
tivity is an interdisciplinary center for education
and research in manufacturing and productivity
at MIT. The goal of the laboratory is the ad-
vancement of manufacturing science and
technology.

The laboratory educates engineers in the
analysis and synthesis of products, processes,
and manufacturing systems. Fundamental
research conducted in the laboratory leads to
innovation in manufacturing processes and
better understanding of planning, design, and
production operations. The laboratory seeks to
establish a rational foundation for manufacturing
based on a systematic understanding of the
complex interactions among the many areas of
manufacturing.

The laboratory draws upon faculty and staff in
the Departments of Mechanical Engineering,
Electrical Engineering, and Materials Science
and Engineering, as well as the Sloan School of
Management. Important perspectives are con-
tributed by the representatives of industrial firms
associated with the laboratory's cooperative
research programs. Current research programs
include process innovation, flexible automation
and process control, tribology, scheduling and
production planning, manufacturing and design,
and precision engineering.

In addition to research projects sponsored by
individual companies, a large proportion of the
laboratory's work is supported by several con-
sortia of industrial firms. Among these are the
Composites and Polymer Processing Program,
the Tribology Research Program, the Microcellu-
lar Plastics Consortium, and the Three Dimen-
sional Printing Consortium.

Opportunities for undergraduates and gradu-
ate students are available for thesis research
and UROP projects. A limited number of post-
doctoral research positions are also available.

For additional information, contact the Office of
the Director, Professor David E. Hardt, Room
35-234, MIT, Cambridge, MA 02139-4307,
(617) 253-2113.

Laboratory for Nuclear Science

The Laboratory for Nuclear Science performs
basic research in nuclear and elementary parti-
cle physics. It supports research interests of
faculty in the Department of Physics by main-
taining and administering facilities adapted to
studies in high-energy and nuclear physics.
The laboratory operates the Bates Linear Accel-
erator Center and the Center for Theoretical
Physics. In addition, the laboratory provides a
machine shop, drafting and technical illustration,
electronics design facility, and a computer
facility for staff and students.

As part of the nuclear physics program, mem-
bers of the laboratory are engaged in experi-
ments at the Bates Linear Accelerator, the
Brookhaven Tandem-AGS Accelerator, and the
Los Alamos Meson Physics Facility. The high-
energy physics program involves experiments
at the CERN in Geneva, Switzerland, Fermi
National Accelerator Laboratory, Stanford Linear
Accelerator, Gran Sasso Laboratory in Italy, and
the SSC near Dallas, Texas.

Among man projects are theoretical studies of
nuclei and elementary particles: experimental
programs using a variety of detector techniques
to study strong, electromagnetic, and weak
interactions of elementary particles and other
high-energy phenomena: application of high-
speed electronic computer techniques to the
problems of nuclear and elementary particle
data analysis; nuclear studies using heavy-ion
accelerators; and programs in medium-energy
nuclear research with electrons, photons, pro-
tons, and pions.

Students participate in the entire range of re-
search programs in fulfilling their graduate and
undergraduate degree requirements or as
participants in UROP

Further information may be obtained from the
Director, Professor Robert Redwine, Room
26-505, MIT, Cambridge, MA 02139-4307,
(617) 253-2395.

The William H. Bates Linear Accelerator
Center, funded by the US Department of En-
ergy for use by MIT research staff (principally in
the Laboratory for Nuclear Science and the
Department of Physics), is available for use to
qualified researchers nationwide.

The laboratory supports a broad program of
research in electromagnetic interactions with
nuclei. Facilities are available for high-precision/
high-resolution electron scattering, photo-
reactions including pion production, and
coincidence studies. The maximum electron
energy available is 1-GeV. A polarized electron
source makes possible studies of parity violation
in electron scattering and spin effects in nuclear
reactions. A stretcher-storage ring has been
constructed to provide high-duty factor beams
and a novel internal target capability.
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The research participation of physics students,
as undergraduate laboratory assistants working
on UROP projects and through graduate thesis
work, is encouraged and forms an important
part of the Bates procram. A large number of
students from the universities of user physicists
as well as from MIT are also involved.

Further information may be obtained from the
Director, Professor S. Kowalski, Room 26-427,
MIT, Cambridge, MA 02139-4307, (617)
245-6600.

The Center for Theoretical Physics performs a
broad range of fundamental research in theoret-
ical nuclear and particle physics, including
study of the structure and interactions of nuclei,
hadrons, and elementary particles: field theory
and many-body physics; mathematical physics:
and cosmology. Students participate both
through undergraduate UROP research and
graduate thesis research.

Further information may be obtained from the
Director, Professor J. W. Negele, Room 6-308,
MIT, Cambridge, MA 02139-4307, (617)
253-7077.

Law-Related Studies

Undergraduate and graduate students
interested in the legal or public policy aspects of
their field, or the legal profession in general
may take a wide range of undergraduate or
graduate subjects. Among the over 30
law-centered subjects in 10 departments are
syllabi covering the American legal structure,
the judicial process, constitutional history, and
legal aspects of planning, management,
environmental affairs, ocean resources,
construction, transportation, industrial safety,
computer science, and technology.

In addition to several lawyers on the teaching
staffs of many different departments, there are
lawyers on the administrative staff who are
willing to meet and talk with students. Many of
these individuals are members of the Pre-Law
Advisory Council, who are pleased to assist
students interested in the legal profession. MIT
undergraduates from nearly every department
have gone on to law school. MIT's technically
oriented undergraduate training serves students
well in law school and in future practice. Law
schools are very eager for MIT applicants.

All students interested in a legal career should
contact the Office of Career Services and Pre-
professional Advising, Room 12-170 and Room
12-185, (617) 253-4737. Members of the Pre-
Law Advisory Council also provide guidance
and information: the faculty chair of the council
is Professor Mike Wheeler.

Leaders for Manufacturing Program

The Leaders for Manufacturing (LFM) Program
is an educational/research partnership between
more than two dozen major US manufacturing
firms and MIT's Schools of Engineering and
Management, established to discover, codify,
teach, and otherwise disseminate guiding
principles for world-class manufacturing. Six
engineering departments participate:
Aeronautics and Astronautics; Chemical
Engineering: Electrical Engineering and
Computer Science; Materials Science and
Engineering: and Mechanical Engineering. The
program includes both student fellowships and
on campus research assistantships.

Students involved in the program's on campus
manufacturing research can earn a master's or
doctorate degree in engineering or manage-
ment. Students may apply for this program

through either a participating engineering
department or the Sloan School.

The 24-month, dual-degree LFM Fellows
Program begins each June. It offers financial
assistance awards to incoming graduate
students planning a career in manufacturing.
The LFM Fellows Program integrates
engineering and management disciplines, and
emphasizes teamwork, management of change
processes, and learning by doing. The rigorous
curriculum, including six and one-half months
of on-site research as well as seminars and
classroom work, is developed and taught by
faculty from both schools. The coursework and
research culminate in a single thesis leading to
two Master of Science degrees: one in
engineering and the other in management.

Application to the LFM Fellows Program can be
made through either the MIT Sloan School of
Management or any of the six participating
engineering departments. Program information,
applications, and curriculum materials are
available from the following offices at MIT
Cambridge, MA 02139-4307: Leaders for Man-
ufacturing Program, Room E40-422, (617)
253-0821; Sloan Master's Program Admissions,
Room E52-112, (617) 253-0449: the six partici-
pating engineering departments; and MIT
Graduate Admissions, Room 3-103, (617)
253-4897. Materials are due back to the office
through which application was made by Janu-
ary 7, 1994 (Sloan) or January 14, 1994 (MIT
Graduate Admissions). Applicants must meet
the requirements for admission to both the
Sloan School and a participating department in
the School of Engineering, and must take either
the GRE or GMAT test, regardless of the policy
of the school or department through which they
are applying.
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Lincoln Laboratory

The Lincoln Laboratory is a federally sponsored
center for research and development in ad-
vanced electronics, with special emphasis on
applications to national defense. The laboratory
is located in Lexington, Massachusetts.

Lincoln Laboratory's activities extend from
fundamental investigations in science, through
technological development of devices and
components, to the design and development of
complex systems, as well as scientific and
technological advances for civilian and military
application.

Specific programs include satellite communica-
tions, reentry studies and technology, computer
systems and digital signal processing, image
processing, space surveillance, and air traffic
control. Research also is conducted in optics,
solid-state devices, radar systems, and machine
intelligence.

Opportunities for research are available to MIT
faculty members and qualified students. Inquir-
ies may be directed to Roger W. Sudbury,
Assistant to the Director, LIN A-222, MIT, Cam-
bridge, MA 02139-4307, (617) 981-7024, or MIT
extension 181-7024.

Management of Technology Program

The aim of this 12-month executive education
program is to meet the growing worldwide
demand for managers who can help bring
advances in technology to the marketplace in
the form of new products and manufacturing
processes. The program leads to the degree of
Master of Science in the Management of Tech-
nology. It is designed for men and women with
engineering or science backgrounds -and 8 to
10 years of technical work experience -who
wish to learn to understand, develop, and
manage both the new and established techno-
logical resources of public and private organiza-
tions in a global economy of rapid change.
Offered jointly by the MIT Schools of Engineer-
ing and Management, this is the world's first
advanced degree program focusing directly on
the management of technology.

The rigorous curriculum developed and taught
by faculty from both Schools covers three
elements: underlying core subjects in manage-
ment and analytic methods; in-depth studies on
management of technical programs and organi-
zations; and a thesis relating to the management
of technical programs and organizations. Partici-
pating departments include the Sloan School of
Management and all eight departments in the
School of Engineering.

Application material is available only through the
program office and is due back in that office by
February 19. All applicants must take the GMAT
and all international applicants must submit
scores from the TOEFL.

Application material and complete information
on program objectives and the curriculum are

available from the Program Office, Room
E56-290, MIT, Cambridge, MA 02139-4307,
telephone (617) 253-3733, fax (617) 253-3154.

Materials Processing Center

The Materials Processing Center (MPC) tran-
scends the traditional academic boundaries to
provide an interdisciplinary focus on the pro-
cessing and performance of materials. The
MPC's founders realized that the properties of
all types of materials arise from their structure-
from the manner in which their constituent
atoms aggregate into crystalline arrays or into
disordered amorphous structures. Therefore, a
recurring theme through all MPC research is the
interrelationships of structure-properties-per-
formance through processing control.

To develop and expand the fundamental scien-
tific and technological base of materials pro-
cessing, the MPC follows a three-pronged
approach with programs in interdisciplinary
research, education, and technology exchange.

Generally, individual academic departments
study fragments of many basic yet critical
materials processing problems. To bridge these
divisions and focus research on a processing
problem as a whole, the MPC coordinates
faculty expertise and facilities from a number of
MIT departments, principally Materials Science
and Engineering, Chemistry, Mechanical Engi-
neering, Electrical Engineering and Computer
Science, and Chemical Engineering. MPC
research incorporates all engineering materials
including metallic, ceramic, polymeric, and
electronic materials.

The MPC uses two educational programs to
attract outstanding students to the study of
materials processing. A special summer schol-
arship program brings exceptional undergradu-
ate students from across the country to MIT to
participate in ongoing materials research pro-
jects. Graduate students are supported by
research programs funded by grants and
contracts through the MPC. The MPC also
conducts continuing education programs to
help keep professional engineers and scientists
abreast of recent technological information.

The MPC builds upon the strong links that MIT
has traditionally had with both industry and
government. Through the Industry Collegium,
the MPC provides a forum for industrial repre-
sentatives to discuss their needs and problems
with researchers in the university. Each year, the
MPC sponsors symposia on a variety of materi-
als processing topics to encourage the flow of
information on recent scientific and
technological developments between the uni-
versity and industry. The MPC also encourages
and sponsors the appointments of industry and
government personnel as visiting faculty, ad-
junct faculty, visiting scientists, and postdoctoral
researchers.

For more information, contact Dr. G. B. Kenney,
Associate Director, Room 12-007, 253-3244,
MIT, Cambridge, MA 02139-4307.

Media Laboratory

The Media Laboratory is about people, comput-
ers, and the quality of life in an electronic age. It
has three sections: Information and Entertain-
ment, Perceptual Computing, and Learning and
Common Sense. Each section addresses
fundamental issues through their applications to
learning, leisure, and a variety of other human
needs. While the laboratory is the birthplace of
multimedia computing and enjoys the presence
of many high quality interface technologies, it
finds itself moving more toward content pro-
cessing, which can be described as a transition
from signal processing to signal understanding.

Fully 70 percent of the laboratory's activities are
supported by industry worldwide; US industries
contribute half of that support, while European
and Japanese industries combined contribute
the other half. This industrial base provides a
unique opportunity for technology transfer and
leverage of government funding. All graduate
students are fully funded, by policy, and work
closely with sponsors as well as faculty. in
addition, many corporations use the laboratory
as a testbed for new products, resulting in the
highest density of computing and
communications equipment at MIT

Research at the Media Laboratory is tightly
coupled with the new Program in Media Arts
and Sciences. Refer to the description of the
School of Architecture and Planning in Chapter
VII. Currently, teaching is conducted within the
laboratory using existing facilities such as the
Bartos Theater and the Villers Experimental
Media Facilities. New undergraduate teaching
facilities are being planned.

For further information, contact Professor Nicho-
las Negroponte, Director, Media Lab, Room
E15-210, MIT Cambridge, MA 02139-4307,
(617) 253-5960.

Middle East Program

The Middle East Program at MIT is an interdisci-
plinary course of study taken in conjunction with
the graduate program in a student's chosen
department. The focus is on technology, devel-
opment, and public policy. Its purpose is to
enable students with an interest in the Middle
East to develop an expertise in the area within
the context of a coherent program of study. The
program is designed to equip students with an
understanding of the processes of socioeco-
nomic change, technological development,
political change, environmental management,
institutional development, and international
business and investment patterns in the region.

This program draws on MIT's unique strength in
the areas of science and technology to offer a
course of study distinct from a conventional
"area studies" approach to the Middle East. The
emphasis at present is on challenges of design
and development in the reconstruction of the
region following violent conflicts.
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The program is based on the participation of
faculty from the Departments of Political Sci-
ence, Civil and Environmental Engineering, and
Urban Studies and Planning: the History Section
of the Department of Humanities; the Sloan
School of Management: the Program in Sci-
ence, Technology and Society; and the Aga
Khan Program in Islamic Architecture.

Further information is available from Professor
Nazli Choucri, Department of Political Science,
Room E53-493, MIT, Cambridge, MA
02139-4307, (617) 253-6198.

Mining and Mineral Resources Research
Institute
The Mining and Mineral Resources Research
Institute (MMRRI) was founded to support
coordination of the wide variety of academic
activities and research programs related to
mineral resources. In particular, it encourages
interdisciplinary activities for graduate students
and calls attention to opportunities for careers in
mineral resource engineering and management.
The direct support of the MMRRI, which comes
from the US Department of the Interior, includes
funding for a limited number of fellowships and
scholarships and for research activities.

De artments involved include the Departments
of Civil and Environmental Engineering: Me-
chanical Engineering: Materials Science and
Engineering: Earth, Atmospheric, and Planetary
Sciences: Ocean Engineering: Economics:
Management: Political Science: and the Energy
Laboratory. Some of the major problems being
addressed are finding mineral resources, ex-
tracting and processing them economically and
in an environmentally acceptable manner,
reducing our need for mineral resources and
substituting one resource for the other. Under-
graduate and graduate interdisciplinary pro-
grams of study in Mineral Resources Engineer-
ing and Management (MREM) represent the
academic side of the MMRRI.

Information on the activities of the MMRRI and
on departmental advisors and special programs
of study may be obtained from the Office of the
Director, Professor Herbert H. Einstein, Room
1-330, MIT, Cambridge, MA 02139-4307, (617)
253-3598.

The program Mineral Resources Engineering
and Management (MREM) provides formal
educational opportunities to graduate students
with interests in the mineral resources field. The
academic subjects and research available
throughout the Institute make it possible to offer
programs in several areas of concentration,
leading to a variety of careers in the mineral
resources field. Studies in the MREM program
can lead to the Engineer, Ph.D., or Master of
Science degree corresponding to the depart-
ment of registration.

The MREM program consists of four subpro-
grams. The exploration subprogram exposes
students to the geological, technical, and deci-
sion theoretical aspects of exploration. The
extraction subprogram provides a background
for design of surface or underground mines,
selection and development of mining machin-

ery, management of large projects, and resolu-
tion of environmental problems. The
processing subprogram deepens the student's
physical and chemical education and leads to
the analysis and design of industrial processes
including their managerial and environmental
aspects. The resource management subpro-
gram encompasses systems engineering,
economics, and public policy as well as prob-
lems of substitution and of related resources
(water, energy). Emphasis in the resource
management subprogram can be placed on
engineering, management, or public policy. The
resource management subprogram also pro-
vides an MREM general overview, aimed at
students desiring a broader education.

For the Master of Science degree, students
usually take at least 75 percent of the required
credit units from one of the subprograms and
the remaining credit units from one of the other
subprograms. Engineer and Ph.D. students
usually concentrate at least half of their credit
units in one of the subprograms and take the
remaining credit units from at least two of the
other subprograms. Research projects suitable
for thesis work are conducted in most of the
participating departments (Urban Studies and
Planning: Civil and Environmental Engineering:
Chemical Engineering; Mechanical Engineering
Materials Science and Engineering Ocean
Engineering: Earth, Atmospheric, and Planetary
Sciences: Economics; Political Science; Sloan
School of Management).
Students desiring to pursue their studies in the
MREM program should apply for admission to
graduate studies in the department best suited
to their interests. Students will be awarded the
graduate degree in this department.

To obtain detailed information on the MREM
program, including faculty contacts in each of
the participating departments, contact Professor
Herbert H. Einstein, Room 1-330, MIT,
Cambridge, MA 02139-4307, (617) 253-3598.

MIT Japan Program

Established in 1981, the MIT Japan Program
seeks to create a new generation of technically
sophisticated American scientists, engineers,
and managers who can work as professionals in
their respective fields in Japan. Today, it is the
largest, most comprehensive, and most widely
copied center of applied Japanese studies in
the United States.

The program pursues its goals in both the US
and Japan through three sets of integrated
activities: education, research, and public
awareness. Education is the focal point, with
placement of MIT interns in Japanese busi-
nesses, governmental, and educational institu-
tions as the core of the program. The program
is administered by MIT's Center for International
Studies and is open to both undergraduate and
graduate students. Students may enter at any
time.

Before being placed in Japan, program interns
undergo two years of training in Japanese. They
attend orientation seminars on Japan and a
two-day retreat. The program now sends about

60 interns per year. Host organizations have
included Nippon Electric Company (NEC),
Mitsubishi Heavy Industries, Suntory, Ltd., NTT,
Bank of Tokyo, University of Tokyo, Kyoto
University, and national laboratories such as the
Center for Space Research, Japanese National
Cancer Center Research Institute, and the
Electrotechnical Laboratory.

The program sponsors intensive summer lan-
g uage training as well as courses in technical
apanese for computer science and electrical

engineering and for materials science and
related engineering. In addition, the program
develops educational materials on Japan includ-
ing "On Track With the Japanese," a case-study
book based on professionals working and
negotiating with the Japanese; new interactive
media technology to teach about Japanese
business and negotiation practices: and work-
shops, symposia, and cross-cultural training
modules aimed at leaders in American govern
ment and industry.

The program also provides support for researdh
at MIT funding master's and Ph.D. theses on
Japan-related topics. These include the Japa-
nese defense and aerospace industries, intern
tionalization of research and development,
US-Japan security relations, and collaborative
research and development.

In the area of public awareness, projects in-
clude the publication of newsletters and mainte-
nance of databases on Japanese science and
technology, an informational newsletter, and on
campus cultural activities at MIT

Further information may be obtained from
Patricia Gercik, Managing Director, MIT Japan
Program, Room E38-700, MIT Cambridge, MA
02139-4307, (617) 253-3142, FAX (617)
258-7432.

MIT Program on Technology, Business, and
the Environment

Based at the Center for Technology, Policy and
Industrial Development, the MIT Program on
Technology, Business, and the Environment is
designed to spur technological innovation within
companies and to advance a new prevention-
based paradigm for environmental manage-
ment. The Technology, Business and the Envi-
ronment Program helps companies meet the
challenges associated with society's growing
concerns for the environment while remaining
competitive in an increasingly global market-
place.

Through education, research, and the promo-
tion of public discourse, proponents of the new
program attempt to elucidate a new preventative
environmental management paradigm, centered
on business practices, linking technological
change with sustainable development and
environmental soundness. In this effort, partici-
pants try to define and promote alternatives to
traditional command and control regulatory
policy and litigious dispute resolution to clarify
and strengthen the roles for science in public
decision making. The program fosters leader-
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ship and dissemination of the new pollution
prevention paradigm to students and to practic-
ing professionals. The program is structured to
encourage partnerships between academia and
private and public sectors. The new program
draws on resources throughout MIT to develop
an interdisciplinary research framework.

For more information contact Dr. John Ehren-
feld, Room E40-241, MIT, Cambridge, MA
02139-4307, (617) 253-1694.

Nuclear Reactor Laboratory

The Nuclear Reactor Laboratory (NRL) provides
the focus for a wide range of research programs
involving the use of nuclear radiations. Research
programs in various MIT departments and
centers are supported by NRL capabilities.
These include Physics; Materials Science and
Engineering; Earth, Atmospheric, and Planetary
Sciences; Chemical Engineering; Mechanical
Engineering; Nuclear Engineering; and the
Program in Toxicology in the Whitaker College.
Facilities of the NRL are also used for teaching
and research activities by other institutions. The
NRL provides special capabilities to regional
hospitals and industries, e.g., short-lived iso-
topes for medical purposes.

Current areas of research include applications
of nuclear trace analysis to problems in physical
and engineering sciences, life sciences, geo
sciences, and the environment; neutron and
nuclear physics; radiation effects on materials;
reactor physics; dose and corrosion reduction
in power reactors and reactor engineering;
nuclear medicine including brain cancer therapy
development; and isotope development.

The NRL o erates a five-million watt research
reactor (MITR-ll), which is one of the largest
university reactors. Recent redesign and re-
building of MITR-l has significantly enhanced
the neutron and gamma ray intensity and the
reactor's versatility.

Experimental facilities and instrumentation at the
NRL include a wide variety of sample irradiation
facilities with fast and slow neutron fluxes up to
1014 per cm 2 per second; temperature-con-
trolled in-pile facilities, and a fast reactor blanket
facility. In-pile loops for corrosion and irradiation
damage testing are available, which closely
simulate the environment in light water power
reactors. An excellent medical irradiation facility
with a clinically useful epithermal beam is avail-
able for patient and animal irradiations.

Other experimental facilities and instrumentation
include a thermal column with large hohlraum;
radiochemistry laboratories; hot cells for
dismantling or testing; nuclear detection equip-
ment; trace analysis facilities; a materials charac-
terization laboratory; and shielded hot cells for
handling and testing radioactive materials.

Undergraduate students are involved in the
Operation of the reactor and in the research
activities through special projects or senior
theses. Graduate student thesis research is
carried on in the various research areas
mentioned earlier. A current summary report is
available and describes the activities at the NRL
in greater detail.

For information, inquire at the Office of the
Director, Professor Otto K. Harling, Room
NW12-208, MIT, Cambridge, MA 02139-4307,
(617) 253-4201 or 253-4202.

Oceanography and Applied Ocean Sciences
and Engineering

MIT and the Woods Hole Oceanographic
Institution (WHOI) on Cape Cod offer joint
programs of graduate study and research for
students with special interests in biological
oceanography, chemical oceanography, marine
geochemistry, marine geology, marine
geophysics, oceanographic engineering, and
physical oceanography. These graduate
programs are administered by committees
drawn from the faculty and staff of both
institutions. Students accepted to the joint
program have access to the extensive
intellectual and physical resources available for
advanced study at both WHOI and MIT The
program is described in detail at the end of
Chapter VI I.

Operations Research Center

The Operations Research Center (ORC)
provides educational and research opportunities
for students and faculty interested in the inter-
disciplinary field of operations research.
Operations Research (OR) is the professional
discipline that deals with the application of

scientific methods to decision-making. OR
draws upon ideas from engineering,
management, mathematics, and psychology to
contribute to a wide variety of application
domains. The field is closely related to several
other fields in the decision sciences - applied
mathematics, computer science, economics,
industrial engineering and systems engineering.

The Operations Research Center is organized
as an interdepartmental center, structured to
take advantage of the expertise of faculty drawn
from a variety of departments, including the
Sloan School of Management, Electrical
Engineering and Computer Science,
Aeronautics and Astronautics, Mathematics, Civil
and Environmental Engineering, Mechanical
Engineering, and Urban Studies and Planning.
The ORC is composed of approximately 30
affiliated faculty and 50 graduate students. Both
the master's and doctoral degree programs are
offered. An important feature of these programs
is their interdisciplinary structure. In addition to
following a set of core courses, students are
encouraged to design a curriculum that is
tailored to their professional and research
interests. The program provides a strong
background in the theoretical foundations of
operations research and the practical
techniques used in building models for a wide
variety of applications. The ORC provides a
range of micro-, mini-, and mainframe
computer facilities with associated software for
model building and algorithmic experimentation.

IT.
4

r -

t1

I
I
I
p



108 Chapter VI

The core graduate curriculum for the S.M.
degree consists of Applied Probability, Decision
Analysis, Applied Statistics, and Introduction to
Mathematical Programming (or equivalently,
Introduction to Optimization). Master's degree
students continue with three additional graduate
level subjects and prepare a thesis in an area of
research concentration. Employment
opportunities for graduates of the S.M. program
exist in technical staffs of private firms, often in
the services sector of the economy, as planners
in governmental agencies, and in private
consulting firms.

Doctoral degree students are expected to take
core subjects, Applied Probability and Introduc-
tion to Mathematical Programming. Advanced
subjects include Discrete Stochastic Processes,
Decision Analysis, Introduction to Stochastic
Processes, Statistical Methodology, Network
Optimization, Combinatorial Optimization,
Nonlinear Programming, and Analysis. Doctoral
degree candidates must qualify for continuation
in the program by passing qualifying and gener-
al examinations. Students must pursue an
original research project under the guidance of
a doctoral dissertation committee. The formal
academic program is supplemented by teach-
ing and research assistantship opportunities for
most doctoral candidates. Graduates of the
Ph.D. program often assume faculty or consult-
ing positions in the United States and abroad.

In addition to the degree requirements specified
above, students at the ORC must fulfill a
hands-on -experience requirement, a writing
requirement and a computer literacy
requirement.

Students wishing to concentrate specifically in
operations research at either the master's
degree or doctoral degree level may apply
directly to the interdepartmental graduate pro-
gram. To do so, follow the general MIT graduate
admissions procedures and indicate, "Opera-
tions Research -Interdepartmental Program,"
on the application materials instead of a depart-
mental designation.

Further information about the Operations Re-
search Center and the degree programs is
contained in the brochure, Graduate Education
at the Operations Research Center, and is
available from the Operations Research Center,
Muckley Building (E40-149), MIT, Cambridge,
MA 02139-4307. Individual questions may be
addressed to either of the Codirectors, Profes-
sor Thomas L. Magnanti or Professor Richard C.
Larson, or to Paulette Mosley, Administrative
Officer, Room E40-107, MIT, Cambridge, MA
02139-4307, (617) 253-3603.

Plasma Fusion Center

The Plasma Fusion Center (PFC), formed in
1976, provides a focus for experimental and
theoretical studies in plasma science, magnetic
fusion research and fusion energy development,
and related engineering disciplines. It provides
the structure required for effectively undertaking
all Department of Energy sponsored fusion
research at MIT The timely development of
fusion energy is one of the most technically
complex challenges facing society.

The center fosters independent creativity and
helps integrate the collective fusion activities
into a cohesive program with broader Institute
goals. These goals are to provide strong scien-
tific leadership, both nationally and internation-
ally, for the development of fusion energy: and
to provide the intellectual environment for the
educational training of students, research scien-
tists, and engineers. Fusion research activities at
the Plasma Fusion Center fall into five major
programmatic divisions.
The Physics Research Division is developing
the basic experimental and theoretical under-
standing of magnetically-confined tokamak
plasma, and its heating and confinement prop-
erties, including research on fusion theory and
computations, and advanced plasma diagnos-
tics and laser development.

The Toroidal Confinement Division is develop-
ing a basic understanding of the stability and
transport properties of high-temperature
toroidal plasmas at reactor-level conditions and
developing and testing concepts for optimiza-
tion of the toroidal confinement approach to
magnetic fusion. This work is carried out in the
Alcator C-MOD device, the third in a sequence
of high-field tokamaks built at MIT, which is
particularly relevant to the engineering design of
the International Thermonuclear Experimental
Reactor (ITER), to be built by a joint internation-
al team.

The Waves and Beams and Relativistic Elec-
tronics Divisions have similar objectives,
namely to develop basic experimental and
theoretical descriptions of the generation of
coherent electromagnetic radiation by free
electrons. This work involves devices such as
gyrotrons, relativistic magnetrons, klystrons,
cyclotron autoresonance masers (CARMS), and
free electron lasers (FELS). The aim is to extend
the electromagnetic spectrum from the micro-
wave to the millimeter, infrared, visible and
ultraviolet wavelength regimes with previously
unattainable intensities and frequencies. While
these two divisions have similar interests, the
emphasis differs as the Waves and Beams
Division focuses more on the realization of
devices for practical applications, including
collaboration with industry, while the Relativistic
Electronics Division puts more emphasis on
fundamental physical processes. The divisions
share interest in the generation and transport of
intense charged particle beams.

The Plasma Technology and Systems Division
has three objectives: to investigate critical
technical issues at a systems level related to thK
design and operation of future fusion experi-
ments including reactors: and to investigate and
develop applications of low temperature plasma
processes for environmental and industrial
applications.

The Fusion Technology and Engineering
Division provides critical engineering support
for both operating confinement experiments and
advanced design projects. It also develops
advanced high-field copper and superconduct-
ing magnet technology for the national fusion
program and the high energy physics commu-
nity, and has been given a leading role in the
design of the superconducting ITER magnets.

In the last decade, many significant results for
the international effort to develop fusion energy
have been obtained in the ALCATOR A and C
high-field tokamaks, the major experimental
facilities in the Plasma Fusion Center Program.
For example, ALCATOR C established a world
record in obtaining the highest product of
plasma density times confinement time, and
was also a world leader in developing tech-
niques to drive current by radio frequency
waves. VERSATOR 11 was used to study particu-
lar research aspects of toroidal plasmas, such
as heating and current drive. The Versatile
Toroidal Facility can operate either as a tokamak,
with relevance to fusion research, or as an
RF-sustained toroidal plasma source relevant to
ionospheric and basic plasma physics. Present
activities have expanded into divertor plasma-
related research, of great interest to solving the
heat-load problems in ITER. The overall pro-
gram at the center has a balance between
experimental and theoretical studies. Fusion-re-
lated research activities in the Departments of
Physics, Nuclear Engineering, Electrical Engi-
neering and Computer Science, Materials
Science and Engineering, and Mechanical
Engineering, as well as the Francis Bitter Na-
tional Magnet Laboratory and the Research
Laboratory of Electronics, are affiliated with the
Plasma Fusion Center.

The center's programs provide an excellent
forum for the training of students and profes-
sional researchers, and offers world class re-
search facilities to faculty members from many
departments. Approximately 41 scientists and
56 engineers and technicians work at the PFC.
Approximately 73 graduate students and 56
undergraduate students are currently involved
at all levels of thesis work: undergraduates can
also participate through UROP

Further information may be obtained from the
Office of the Director, Dieter J. Sigmar, Acting
Director, Room NW16-288, Cambridge, MA
02139-4307, (617) 253-5553.
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Power Engineering

Interdepartmental academic and research
programs in power engineering are available in
the Departments of Aeronautics and Astronau-
tics, Electrical Engineering and Computer
Science, Mechanical Engineering, Ocean Engi-
neering, and Nuclear Engineering. These pro-
grams cover a broad range of energy-related
issues. Research is conducted at the Gas
Turbine Laboratory, Laboratory for Electromag-
netic and Electronic Systems, Sloan Automotive
Laboratory, Energy Laboratory, Heat Transfer
Laboratory, Cryogenic Engineering Laboratory,
and at the Nuclear Reactor.

A graduate student enrolled in any of the above
departments may construct from among various
subject offerings and research activities an
academic program and thesis research. In
addition to subjects treating specific topics in
power engineering, many other related subjects
are available on such topics as thermodynam-
ics, fluid mechanics, heat transfer, control
theory, materials, stress analysis, vibrations,
cryogenics, and combustion.

Research assistantships are available for gradu-
ate students, and some part-time employment
is available for undergraduates. For further
information on the programs and on financial
support, contact the Graduate Registration
Officer of one of the participating departments.

Program in Environmental Engineering
Research and Education

The Program in Environmental Engineering
Education and Research (PEEER) draws on the
extensive environmental resources and interests
in each of MIT's five schools. The program's
structure and process have been designed to
accommodate and support the continuing
evolution of environmentally related work within
the independent units at MIT. Its objective is to
coordinate and build upon the Institute's grow-
ing strengths in environmentally oriented educa-
tional and research activities. The program
develops MIT's unique resources for the educa-
tion of environmental specialists as well as
mainstream professionals in environmentally
sensitive industries, and promotes environmen-
tal literacy among students in all fields.

Through a carefully structured process of
interdisciplinary communication, the program
creates a new paradigm for environmental
education and research in four major areas:
pollution prevention, clean technologies, and
industrial ecology; modeling environmental
sustainability; waste management and environ-
mental remediation; and better integration of
science and technology into environmental
policy analysis. Developments in each of these
areas are necessary to complete the entire
program because the "crad l-to-grave" man-
agement of processes and materials that may
alter the environment requires a contextual view
of each potential impact. Each context includes
interlocking natural, technological, and political
aspects.

The environmental education and research
resources of all five schools are integrated into
the program. For example, the School of Archi-
tecture and Planning is represented through the
Environmental Policy Program in the Depart-
ment of Urban Studies and Planning. The
Program in Technology, Business and the
Environment brings together resources from the
Center for Technology, Policy and Industrial
Development (CTPID) and the Sloan School.
The Energy Laboratory, through its Center for
Research in Economic Policy and other re-
search programs, and CTPID, through its Tech-
nology and Policy Program in education and
research, both have strong ties to the Sloan
School and the Departments of Political Science
and Economics. The Center for Environmental
Health Sciences is an example of a unit from the
School of Science working interactively with
other science groups and four departments in
the School of Engineering on questions of the
human health effects of technology. Program
organizers are generating coordinated research
proposals related to the program's educational
objectives and building new forms of interdisci-
plinary cooperation.

Members of the program have created a core
curriculum of four subjects on the management
of hazardous substances called Chemicals in
the Environment. These integrated subjects

rovide an interdisciplinary look at issues raised
y the introduction of chemicals into the envi-

ronment and workplace: "Sources and Control"
examines the health and environmental impacts
from a multimedia perspective (e.g., air, water,
and solids) emphasizing material balance ap-
proaches. "Environmental Fate and Transport"
addresses the way chemicals move through the
environment via air, water, and living organisms,
and how they behave in the environment.
"Chemicals and Human Disease" provides a
foundation for understanding chemical-biolog-
ical interactions of human exposure: metabo-
lism, DNA reactions, and repair and mutation in
the context of discovering what exposures are in
fact important. "Policy and Management" intro-
duces strategies for risk assessment, risk man-
agement, risk communication, and the privatiza-
tion of regulation. All subjects in Chemicals in
the Environment are available without prerequi-
sites to both undergraduate and graduate
students from all five Schools and the Whitaker
College. Students from other Boston area
universities frequently enroll also.

Another important objective of the program is to
create new partnerships with government,
industry, and other academic institutions to
build critical mass research areas. Farsighted
industries are already recognizing the need to
see production processes as part of ongoing
natural and social systems. Governments
charged with the dual role of preserving a
livable environment and promoting healthy
economic growth have an equally powerful
interest in a new paradigm of sustainable indus-
trial development.

In educating professionals and producing
research for industry, MIT has traditionally been
in the forefront of technological change. The
Institute is well placed to provide leadership at
an historical juncture when many professionals
and policy makers have begun to recognize that
the context of technological systems is as
significant to long-term development as the
individual technologies themselves. The PEEER
structure is providing the sustained vision,
interdisciplinary focus, and level of impact
required to integrate this new perspective into
the education of future leaders in both technolo-
gy and environmental policy.

For more information contact David H. Marks,
James Mason Crafts Professor of Civil and
Environmental Engineering and Director of the
Program in Environmental Engineering Educa-
tion and Research, Room 48-305, MIT Cam-
bridge, MA 02139-4307, (617) 253-1992.

Program In Polymer Science and
Technology

The Schools of Engineering and Science have
established a graduate Program in Polymer
Science and Technology (P PST). It is open to
qualified students admitted to the graduate
program of any MIT department. It consists of
an initial academic phase in which all students
participate (regardless of previous background
and research interest) followed by research in a
selected area of specialization. The program
leads to the doctoral degree: if desired, a mas-
ter's degree can be obtained through the stu-
dent's department.

The core curriculum, taken by all students,
provides a common base in the field of poly-
mers. It is broad, rigorous, and covers both
elementary and advanced subjects spanning
the entire range from the molecular level to the
continuum. This curriculum takes up the first
two semesters in the graduate program.

The transition from the academic phase to
research is marked by the qualifying exam,
which consists of both oral and written sections.
The exams are offered at the end of each spring
term and are based on the PPST core curricu-
lum. Successful completion of the exam leads
to selection of a research project and the prepa-
ration and defense of a thesis proposal.

Any faculty member at MIT can act as a re-
search supervisor. The thesis supervisor(s)
advises the graduate student on a continuing
basis throughout the time of the research pro-
ject. Completion and successful defense of the
thesis before PPST and departmental faculty
fulfill the requirements for the doctoral degree.

For more information on this program, including
details of admission and financial aid proce-
dures, contact Professor Edwin L. Thomas,
Director, Program in Polymer Science and
Technology, Room 13-5098, MIT Cambridge,
MA 02139-4307, (617) 258-6175.
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Program on the Pharmaceutical Industry

The Program on the Pharmaceutical Industry
(POPI) was founded in 1991 with a major grant
from the Alfred P Sloan Foundation to promote
research and teaching in the pharmaceutical
and biotechnology industry. This multidiscipli-
nary program involves the MIT Schools of
Management, Engineering, and Science.
Participating faculty and students are drawn
from the fields of Biology, Chemistry, Chemical
Engineering, Economics, Medicine, and Man-
agement Sciences.

POPI's first objective is to foster an interest in
the pharmaceutical and related industries
among students and faculty through education
and research. It is POPI's intent to prepare MIT
students to become leaders in areas such as
management, manufacturing, and government
and regulatory affairs related to pharmaceuticals
and biotechnology.

POPI is currently offering two courses, Seminar
on Management in the Pharmaceutical and
Biotechnology Industry, and Health Technology,
designed to enrich students' knowledge of the
complex management issues facing industry.

Through its various research projects, POPI
supports faculty who allocate graduate student
research and teaching assistantships along
with undergraduate research awards through
MIT's Undergraduate Research Opportunities
Programs. For the student interested in issues
surrounding the pharmaceutical industry,
there are numerous opportunities to interact
with individuals in industry and with other
researchers.

POPI is building a portfolio of research projects
led by MIT faculty. Nine determinants of the
industry's competitiveness serve to guide the
selection of POPI's projects. Specific studies
include Profitability of Major U.S. Pharmaceutical
Companies, Development of a Health-Outcome
Adjusted Price Index for Pharmaceuticals, The
Determinants of Research Productivity in the
Pharmaceutical Industry, Global Mapping of the
Japanese Pharmaceutical Industry, Order of
Entry Rewards for Pioneering in the Pharmaceu-
tical Industry, and Extending the Lives of Phar-
maceutical Products through Manufacturing
Improvement.

Thomas Allen, Gordon Y Billard Fund Professor
of Management, and Professor Charles Cooney
(Chemical Engineering) co-direct the program.
For further information, contact Stan N. Finkels-
tein, M.D., executive director, 38 Memorial Drive
E56-390, Cambridge, MA 02139-4307, tele-
phone (617) 253-5194: fax (617) 253-3033.

Programs for Double Competence In
Humanities/Social Science and
Science/Engineering

At MIT there are several ways for an under-
graduate student to achieve intellectual "dual
literacy" or "double competence," that is, an
education that includes in depth study in both
Humanities/Social Science and Science/Tech-
nology areas. These include double majoring,
which brings two S.B. degrees, and joint major-
ing, which combines disciplines from both areas
in a single degree program -Course XXI-E
(Humanities and Engineering) and XXI-S (Hu-
manities and Science). A third avenue is a
degree in a science or engineering discipline,
complemented by a minor program in a huma-
nities, arts, or social sciences field.

Further information may be obtained from Dr.
Bette K. Davis, Coordinator, Office of Humani-
ties, Arts, and Social Sciences, Room 14N-408,
MIT Cambridge, MA 02139-4307, (617)
253-4443.

Research Development
School of Architecture and Planning

The Office of the Dean of the School of
Architecture and Planning fosters research
contributing to the understanding, education
and practice of architecture, planning, real
estate development, and related fields.
Research based in the School covers a wide
variety of topics related to issues in every part of
the world. Examples of current activities include
real estate development; environmental quality
in buildings: environmental policy; neighbor-
hood and community development, housing
technology and policy: energy conservation;
city and regional form: disaster mitigation:
cultural planning:, and design prototypes.

Research Development in the Office of the Dean
involves a wide variety of people and institutions
both inside and outside MIT including faculty
and students from MIT departments and cen-
ters, as well as from other educational institu-
tions; the alumni of the School of Architecture
and Planning architectural and planning practi-
tioners and client groups such as firms, public
agencies, and community organizations. Gradu-
ate and undergraduate students from several
MIT departments participate in research through
research assistantships and UROP

Further information may be obtained from
Michael Joroff, Director of Research Develop-
ment, Office of the Dean, School of Architecture
and Planning, Room 7-401, MIT, Cambridge
MA 02139-4307, (617) 253-8328.

Research Laboratory of Electronics

Established in 1946 as the Institute's first
interdepartmental laboratory, the Research
Laboratory of Electronics (RLE) provides faculty
members and their students, both graduate and
undergraduate, with the diverse services and
facilities of a large laboratory to conduct
research in two major areas - electronics and
optics -together with language, speech, and
hearing. In addition, smaller groups are focuse;
on atomic and molecular physics, plasma
physics, radio astronomy, digital signal
processing, image processing, electro-
magnetics, and communications. Participants
come primarily from the Departments of
Electrical Engineering and Computer Science,
Physics, Chemistry, Materials Science and
Engineering, and Linguistics and Philosophy.

Research in electronics and optics covers a
broad spectrum of concerns ranging from
electronic materials and fabrication through high
speed electronic and optic devices to electronic
and optical circuits and, finally, logic, architec-
ture, and large-scale systems. RLE brings
together fundamental theoretical and exper-
imental work in the nature of materials and
surface interfaces with practical devices, cir-
cuits, and systems oriented to high perform-
ance applications.

The program in language, speech, and hearing
includes linguistic work in phonology coupled
with the structure and design of systems for
text-to-speech conversion and speech
recognition, as well as fundamental work on
articulatory phonetics, sensory communication,
and auditory physiology.

Additional research foci include fundamental
studies in atomic, molecular, and optical physics
such as radiation modes and basic constants,
theoretical and experimental research in plasma
physics, radio astronomy and astrophysics,
digital signal processing theory and hardware
architecture, digital processing of two-
dimensional signals (including high resolution
television), studies of electromagnetic propaga-
tion in nonlinear media, and a variety of studies
in communications including structure and
protocols for high speed local networks.

Almost all research in RLE is conducted or
supervised by academic faculty members and
students. Approximately 60 faculty members are
affiliated with RLE. They work with over 300
graduate students and approximately 100
undergraduates in addition to research staff.
The research in RLE provides opportunities for a
broad spectrum of student thesis projects.

Additional information may be obtained by
contacting the Office of the Director, Professor
Jonathan Allen, Room 36-413, MIT, Cambridge,
MA 02139-4307, (617) 253-2509.
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Science, Technology, and Society

The Program in Science, Technology, and
Society (STS) focuses on the ways in which
scientific, technological, and social factors
interact to shape modern life. It traces the
.mpact of scientific ideas and technological
practices on society and culture and examines
the role of social, political, and cultural consid-
erations in shaping developments in science
and technology. STS draws its faculty from the
social and natural sciences, engineering, and
the humanities. Various opportunities for re-
search and study are available at the under-
graduate and graduate levels. A more detailed
description of the program is given in the
School of Humanities and Social Science sec-
tion in Chapter VII.

Further information may be obtained from the
Office of the Director, Professor Merritt Roe
Smith, Room E51-110, MIT, Cambridge, MA
02139-4307, (617) 253-4062.

Sea Grant College Program

The MIT Sea Grant College Program funds and
coordinates multidisciplinary research,

educational programs, and advisory services to
further develop ocean and coastal resources.
Following the lead of the National Sea Grant
College Program created by Congress in 1966,
MIT recognized that science and engineering
should play vital roles in advancing our use of
the oceans. The designation of the Institute in
1976 as the nation's twelfth Sea Grant College
strengthened its existing programs of ocean
research and education. Today, with Sea Grant
support, MIT expertise and facilities are regularly
used to solve technological, social, economic,
and political problems associated with marine
resource utilization and coastal zone
development.

Sea Grant research strives for balanced use of
oceans and coasts, prudent harvests of food
and useful materials from the sea, the prudent
extraction of offshore oil and undersea minerals,
and the application of engineering to improved
methods of working in and on the seas,
including design and construction of
autonomous underwater vehicles for research.
At present, the principal departments involved in
Sea Grant research include Civil and
Environmental Engineering, Chemical
Engineering, and Ocean Engineering. Students
participate directly in most Sea Grant research

projects at both graduate and undergraduate
levels, and support is available for UROP
projects.

The Sea Grant College Program also supports
innovative education at MIT in ocean use and
coastal zone development. The program has
supported new curricula and textbooks in the
field of ocean engineering. A joint project with
the Massachusetts Maritime Academy is
providing new educational opportunities for
professional fishermen.

MIT Sea Grant's Advisory Services publishes
technical reports, sponsors symposia, and
works with local governments, businesses, and
organizations to transfer comprehensive infor-
mation to the public on the many facets of
resource development in the oceans and
coastal zones. Joint research programs, con-
ducted with related businesses and industries,
assure the efficient and timely dissemination of
new technologies and research results.

For more information on Sea Grant College
Program projects and services, contact the
Office of the Director, Professor Chryssostomos
Chryssostomidis, Room E38-300, MIT,
Cambridge, MA 02139-4307, (617) 253-7041.
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Space Grant College Program

The MIT Space Grant College Program funds a
multidisciplinary educational program to further
the development of space science and space
engineering. MIT is one of 47 Space Grant
Consortia established by NASA under the
National Space Grant College Program created
by Congress in 1987. The strategy of the MIT
Space Grant Program is based on two ideas.
First, the pool of students interested in space
engineering and science must be increased at
every level; and second, MIT departments and
laboratories as well as the industrial participants
in the program offer a rich assortment of space-
related educational and research opportunities
for students. Special emphasis is placed on
attracting minority students.

The MIT program consists of six major compo-
nents. First is a design workshop in space
engineering for high school juniors in conjunc-
tion with the Minority Introduction to Engineer-
ing and Science Program (MITES) during the
summer at MIT. Second is a freshman seminar
designed to introduce space science and
engineering in an exciting and technically
rigorous way. Thereafter, students through their
senior year are offered support for undergradu-
ate research opportunities (UROP) in space
science and space engineering during the
academic year and for summer positions in
participating companies and laboratories.

Students who do well in the undergraduate
program and are admitted to the graduate
school will receive preference for a graduate
Space Grant Fellowship. These graduate fellows
work during the academic year at MIT and may
work at one of the participating companies or at
a government laboratory during the summer.

At present the departments participating in the
Space Grant Program are Aeronautics and
Astronautics, Mechanical Engineering, Material
Science and Engineering, Nuclear Engineering,
Physics and Earth, Atmospheric and Planetary
Science. Companies participating are Raytheon,
Orbital Sciences Corporation, Hughes, Martin
Marietta, TRW, Lockheed, Aerospace, GE Astro-
space, JPL, Goddard Space Flight Center, and
Rockwell. Participating laboratories are the MIT
Lincoln Laboratory and the Charles Stark Draper
Laboratory.

The MIT Space Grant Program also sponsors an
annual public lecture by a distinguished individ-
ual to review the most recent developments in
space engineering and science, and makes
available video tapes of the freshmen seminar
for use off campus in high schools.

For more information on the MIT Space Grant
College program, contact the office of the
Director, Professor Jack L. Kerrebrock, Room
33-411, MIT, Cambridge, MA 02139-4307, (617)
253-2486.

Spectroscopy Laboratory

The George Russell Harrison Spectroscopy
Laboratory is dedicated to advancing knowl-
edge of the structure and dynamics of atoms
and molecules and the properties of liquids,
solids, and biological materials utilizing the
techniques of lasers and modern spectroscopy
as well as conventional methods. The Spectros-
copy Laboratory encourages participation and
collaboration among staff members in various
disciplines of science and engineering. Various
MIT departments pursue research in the labora-
tory. At present, faculty and staff from the De-
partments of Chemistry, Physics, Biology,
Electrical Engineering and Computer Science,
and the Harvard-MIT Division of Health
Sciences and Technology are active. In addition
scientific visitors from the United States and
abroad participate in the work of the laboratory.

The laboratory houses one of the most exten-
sive collections of lasers for spectroscopic
research in the United States. The resources are
organized into seven major laboratories: Pulsed
Visible/UV Spectroscopy and Kinetics; CW Dye
Lasers; CW Raman Spectroscopy; Pulsed
Raman and Laser-Induced Fluorescence;
Biomedical Studies; Picosecond/Femtosecond
and Laser Biophysics. Facilities include excimer
and Nd:YAG-pumped pulsed dye and Ti:sap-
phire lasers, ion laser-pumped CW dye lasers, a
nanosecond transient absorption system,
pulsed and CW Raman spectrometers, picosec-
ond/femtosecond dye lasers, CW and pulsed
C02 lasers, an FTIR and FT Raman spectrome-
ter, an FTIR microscope, and visible and ultra-
violet fluorescence microscopes.

The laboratory operates two resource activity
centers for physical science and biomedical
science research. A collaborative physical
science research program is supported by a
grant from the National Science Foundation.

he Laser Biomedical Research Center, sup-
ported by a grant from the National Institutes of
Health, is devoted to biomedical research. The
facilities of the latter are made available to
researchers from universities, industry and
medical institutions.

Current research activities in the laboratory
include high resolution laser spectroscopy of
excited vibrational and electronic molecular
states, CARS studies, microwave infrared and
optical double resonance experiments, kinetics
of intermediates in organo-metallic complexes,
stopped-flow kinetics and resonance Raman
spectroscopy of model compounds and metal-
loproteins, vibrational dynamics of biological
macromolecules, single atom emission studies
in optical resonators, Ryberg atom research in
high magnetic fields, and applications of lasers
in medicine, including research in laser ablation
and diagnosis of human biolo gcal tissue using
laser-induced fluorescence, FTIR and FT-Ra-
man spectroscopy.
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Many graduate and undergraduate students
perform thesis research in the laboratory; UROP
projects are offered in many areas of laser
research.

Further information on the laboratory may be
obtained from the Office of the Director, Profes-
sor Michael Feld, Room 6-014, MIT, Cambridge,
MA 02139-4307, (617) 253-7700.

Statistics at MIT

in conjunction with cooperating departments
and schools, the Operations Research Center
under the auspices of the Decision Sciences
Program offers an interdepartmental Ph.D.
degree in statistics. It also provides a focal point
for research, teaching, and consulting activities
in statistics at MIT

Students considering graduate study in
statistics should seek the advice of the
Operations Research Center (see also Decision
Sciences Program in this chapter) about the
application process. Once admitted to MIT,
students pursue a Ph.D. program in statistics in
a department or under the general guidance of
an interdepartmental committee established
through the Dean of the Graduate School. The
program can also provide assistance in
obtaining financial support.

The Operations Research Center encourages
graduate students already at MIT to obtain a
minor in statistics while studying for other
graduate degrees.

Major theoretical fields of interest in the statistics
program are recursive estimation, robust regres-
sion, categorical data analysis, statistical com-
puting and graphics, detection of influential
data, time-series analysis, choice models,
econometrics, survival analysis, decision analy-
sis, and probability theory.

Fields of application have ranged from
microbiology and astrophysics to economics,
from the health sciences to the Massachusetts
Lottery. Departments in which center members
have been involved include Civil and
Environmental Engineering: Earth, Atmospheric,
and Planetary Sciences; Economics; Electrical
Engineering and Computer Science;
Mathematics; and the Sloan School of
Management.

While much of theoretical statistics draws heav-
ily on mathematics, applied statistics is increas-
ingly linked to computer science via numerical
analysis, graphics, concurrent computing, and
the development of expert systems for data
analysis. These topics are a part of the rapidly
growing field of computational statistics, which
often forms a basic part of the statistics interde-
partmental program.

Further information, including a list of the
statistics subjects offered at MIT may be
obtained by contacting the Operations Re-
search Center, Room E40-149, MIT, Cambridge,
MA 02139-4307, (617) 253-3601.

System Dynamics Group

The System Dynamics National Model under-
takes to show how local policies governing
decentralized decisions in an economy create
observed overall economic behavior. The model
generates the major observed modes of eco-
nomic behavior: inflation, stagflation, the eco-
nomic long wave, and growth. In economics
there have been two separate fields, microeco-
nomics and macroeconomics. Few links exist
between the two. Microeconomics does not
explain behavior of economics as a whole, and
macroeconomics theory fails to explain much of
the behavior seen in national economics.

The National Model generates behavior as
observed in an actual economy from the inter-
actions of local structures and decision-making
policies. By doing so, it builds a bridge that
joins microsiructure with macrobehavior. The
model has two major objectives: to better
understand how an economy works and to help
analyze the effects of proposed economic
policies. About 15 corporations and private
individuals fund the research.

A second area of research is the System Dy-
namics in Education Project, established in
1990. The aim of this project is to develop
teaching packets for the classroom, complete
with software when applicable, that might assist
a teacher and students in making the education-
al challenge easier and more meaningful. The
project involves about 12 undergraduate re-
search assistants.

Associate Professor John Sterman (Manage-
ment Science) is the director of the System
Dynamics Group. Jay W. Forrester, Germeshau-
sen Professor of Management Emeritus, directs
the System Dynamics in Education Project and
the National Model Project. For further informa-
tion, contact Nan Lux at One Amherst Street
E40-294, Cambridge, MA 02139-4037, (617)
253-1574.

Technology and Development Program

The primary objective of the Technology and
Development Program (TDP) is to provide a
focus at MIT for interdisciplinary research and
education related to the role of science and
technology in the socioeconomic growth of
developing countries. More specifically, the
goals of the TDP are to promote an awareness
among MIT faculty and students of the relation-
ships among science, technology, and develop-
ment; to provide a focal point for the activities of
faculty, students, and visiting scholars interested
in the field of technology and development; and
to serve as a resource for organizations outside
MIT (government, academic, private sector) that
wish to explore the Institute's understanding of
developing countries - particularly their socio-
economic and technological problems.

The TDP is administered by a policy committee
with faculty from the Schools of Engineering,
Humanities and Social Science, and

Management. The current emphasis of the
program is on reconstruction in the Middle East.
A collaborative research program between MIT
and the American University of Beirut is
sponsoring specific projects which are relevant
to the reconstruction and redevelopment of
both physical and institutional resources in
Lebanon. Similar programs are expected to be
initiated for other countries and regions of the
Middle East, Latin America, Asia and Africa.

TDP provides educational and research oppor-
tunities for master's candidates interested in
specific areas of technology and development.
Admission to MIT must first be obtained from
the appropriate academic department. The
student should then submit a proposal for study
to the TDP policy committee for approval.
Details of the program are available upon re-
quest. Students may receive financial support in
the form of research assistantships associated
with current TDP research projects.

Further information about the program
including a list of current research projects, may
be obtained from the Office of the Director,
Professor Fred Moavenzadeh, Room 1-173,
MIT, Cambridge, MA 02139-4307, (617)
253-7178.

Technology and Policy

The Technology and Policy Program (TPP)
prepares young men and women for competent
leadership in the constructive development of
technology. It educates "engineers and scien-
tists with a difference," persons with both strong
technical foundations and skills in dealing with
important social concerns.

The program validates "dual competency" in
two fields of technology and applied social
science. It is unique in the opportunities it
provides to combine a base in technology with
skills in identifying, analyzing, and implementing
solutions to policy issues. Many students com-
bine the Technology and Policy Program with a
traditional curriculum so that they obtain two
master's degrees.

Students in the program work on problems in
the wide range of technological fields available
at MIT, for example, computers, electronic
systems, and communications; energy produc-
tion and management: industrial innovation and
productivity; disarmament; regulation of chemi-
cals and pollution; transportation; marine and
mineral resources; office automation; space
technology; and solar and nuclear energy. A list
of theses completed in the program is available
on request.

The Master of Science in Technology and Policy
(S.M.) leads directly into practice, or continued
study at MIT or elsewhere. Challenging jobs in
industry, consulting, and government, both in
the United States and abroad, are open to our
graduates.
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Doctorates are sponsored by the interdepart-
mental Technology, Management and Policy
Program of Research at MIT This group is a
collaborative effort of the Center for Technology,
Policy and Industrial Development; Materials
Systems Laboratory; Center for Construction
Research and Engineering; Center for Transpor-
tation Studies, Program of Environment Educa-
tion and Research, and the Technology and
Policy Program. Approximately three to five
doctorates graduate each year: TPP alumni
are represented on the faculty of the best
universities.

The master's curriculum has two parallel tracks,
one with a focus on engineering or science, the
other with a focus in the social sciences. Both
assume that the student has a strong prepara-
tion, if not a degree, in technology. The technol-
ogy focus requires a concentration of three
advanced subjects in a specific technological
area, complemented by a distribution of two
subjects in the policy environment. The policy
focus requires a three subject concentration in
policy studies complemented by a distribution
of two subjects in technology. Both tracks
require four subjects each in the methods of
policy analysis (typically including Engineering
Systems Analysis and Applied Microeconomics)
and in a required core of integrated subjects.
Academic credit is routinely granted for compa-
rable work done elsewhere.

Students determine individual curricula in
consultation with their faculty advisors they are
expected to take full advantage of all the sub-
jects available at MIT and at Harvard through
cross-registration. All students take the two core
subjects, Proseminars in Technology and Policy.
The Proseminar helps students confront policy
issues as they really are - complex, difficult,
often ill-defined, and full of conflicting values. It
is the element that distinguishes this program
from just a set of subjects, and it provides the
common ground where students meet to dis-
cuss issues of technology and policy.

A thesis is required. This is a major analysis in
the student's field of interest. Students prepare
for this effort by taking the Master's Seminar.
Theses frequently are published as reports or
professional papers. Many graduates regard the
thesis as the most significant part of their educa-
ton at MIT

Because clear expression is a practical
necessity, students must demonstrate sufficient
writing skills before beginning their thesis. New
students take a diagnostic written exam in
September. A seminar or course in technical
writing may be required depending on the
results.

Students with prior interest and capabilities in
technology and policy can complete the degree
program in one calendar year. Others may need
an additional semester.

Students typically obtain part-time jobs to
support their education. These are mostly
research assistantships on MIT projects that
match their areas of specialization, for example,
in the Center for Technology, Policy, and Indus-
trial Development and the Energy Laboratory. A

number of students will also find it desirable to
work in off campus internships. Teaching assis-
tantships are also available.

Student funding is available through a number
of grants and gifts to the program. A Xerox
Fellowship is available for students interested in
communications studies; Bernard Rabinowitz
Fellowships are awarded for leadership in
technology; the Alfred Keil Award is presented
for the wiser uses of technology; and a Cham-
pion International Thesis Fellowship is available
for work on environmental issues. Several other
partial tuition fellowships are available and are
awarded on the basis of excellence and need.
The program also offers two prizes: Best Thesis
Award and the Alumni Award for Excellence and
Leadership, which carries a tuition stipend; and
offers two internships: the Marvin and Joanne
Grossman Fellowship for International Under-
standing, and the Donald F. Cooke Award for
Public Service.

Applicants should have a strong basis in engi-
neering or science. Minimum GRE scores are
600 on the Quantitative and 400 on the Verbal.
TOEFL scores must exceed 585. Applicants for
the policy focus should submit a writing sample.
Applications are reviewed by the program and
the MIT department corresponding to their
particular interests. This process starts January
15; candidates are notified as soon as possible.

The program enrolls about 35 students each
year in the master's program and about five in
the doctoral program. The class is limited to
maintain close, collegial relationships between
faculty and students, and to provide the best
possible integration of technology and policy.

The program faculty consists of representatives
from the Departments of Aeronautics and
Astronautics, Chemical Engineering, Civil and
Environmental Engineering, Electrical Engineer-
ing and Computer Science, Materials Science
and Engineering, Mechanical Engineering,
Nuclear Engineering, Ocean Engineering,
Political Science, and Urban Studies and Plan-
ning, as well as from the Center for Technology,
Policy, and Industrial Development, the Energy
Laboratory, and the Program in Science, Tech-
nology, and Society.

Further information may be obtained by
contacting the Chair, Professor Richardde
Neufville, Room E40-251, MIT, Cambridge, MA
02139-4307, (617) 253-7693; First-Year
Advisor, Dr. Richard Tabors, Room E40-253,
(617) 253-8032; or the Director of the Center for
Technology, Polic and Industrial Development,
Professor Daniel Roos, Room E40-202, (617)
253-1661.

Undergraduate Research Opportunities
Program

The Undergraduate Research Opportunities
Program (UROP) provides undergraduates the
opportunity to participate with MIT faculty and
research staff in a wide range of research
activities throughout the Institute. Students may
participate in on oing research or find a faculty
sponsor for a se f-originated project. Work may

be done for credit, pay, or on a voluntary basis
The same academic standards apply to all three
modes.

The first several pages of the UROP Directory,
published each year, give details on how to get
started. Students are urged to read this before
they embark on their research. Information on
some current projects is posted on UROP
bulletin boards in the main corridor of the
Institute, and in the UROP section of Undergrad.
uate Academic Affairs (UAA), Room 20B-140.
New listings are announced each week in the
campus newspaper Tech Talk. Students inter-
ested in research also may contact UROP
coordinators in the various academic depart-
ments, laboratories, and centers directly. For
information about the opportunities for interdis-
ciplinary research, see the description of the
various interdepartmental laboratories, centers,
and programs in the UROP Directory and in this
chapter.

Further information may be obtained by contact-
ing the UROP staff at UAA, telephone (617)
253-7306, e-mail urop@mit.edu.

Undergraduate Seminars

The Undergraduate Seminars Program offers an
opportunity for students to interact with faculty
members in small, informal class settings.
Undergraduate seminars vary greatly both in
style and topic but generally are oriented
around small, informal class discussions. Some
seminars may bring in guest speakers or involve
laboratory projects or field trips. Topics can
range from a faculty member's particular re-
search interests to more avocational pursuits
that are outside the department's usual scope:
other topics are interdisciplinary and taught
jointly by members of more than one depart-
ment. In some seminars, the instructor also
serves as the freshman advisor.

For more details, including titles and descrip-
tions of seminars, see the Undergraduate Semi-
nars booklet, issued quarterly, and the Freshman
Advising and Freshman Advisor Seminars issue
of the MIT Bulletin, mailed in the summer to
entering first-year students. These publications
are available from Undergraduate Academic
Affairs, Room 7-104, MIT Cambridge, MA
02139-4307, (617) 253-6771.

Unspecified Degree Programs for
interdisciplinary Study

In a number of departments it is possible to
pursue a less specialized major, leading to an
undergraduate degree (S.B.) that does not
specify a professional field. To enroll for such a
degree without specification, the student regis-
ters in the usual way under the appropriate
Course number in the department chosen. The
flexibility of an unspecified degree program,
coupled with appropriate advice from the home
department and from other departments, can
give students a valuable opportunity for interde-
partmental study.
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Wallace Geophysical Observatory

The George R. Wallace, Jr., Geophysical
Observatory is a unique research facility
designed to monitor ground motions and to aid
in the development and testing of new seismic
and other geophysical instrumentation. It is also
a key component of MIT's nine-station seismic
network in New England.

Located 35 miles north of Boston in Westford,
Massachusetts, the observatory has a large,
multi-room underground vault and a surface
control room. The vault has a controlled tem-
perature environment and instrument piers
resting directly on the basement granite. The
observatory contains sensitive seismometers
and instruments for monitoring ground tilts and
the earth's tidal motions, and also serves as a
key station of the GEOSCOPE global seismic
network. The surface building houses a work
area and control and recording instruments.
Data from the observatory are telemetered
directly to the Earth Resources Laboratory of the
Department of Earth, Atmospheric, and Plane-
tary Sciences. The data from the observatory
and the New England Seismic Network are
recorded, displayed, and analyzed by three
dedicated COMPAQ computers, which are also
connected to two Micro VAXes, a SUN, and a
DEC workstation network to facilitate data
sharing and transfers. Data from the observatory
along with the numerous resources of the
department provide a unique facility for under-
graduates, graduate students, and staff to
pursue res3arch concerning the interior of the
earth.

Further information may be obtained by contact-
ing the Director, Professor M. Nafi Toksoz,
Room E34-440, MIT, Cambridge, MA
02139-4307, (617) 253-7852.

Whitehead Institute for Biomedical Research

The Whitehead Institute for Biomedical Re-
search provides educational and research
opportunities for graduate and undergraduate
students in the biological sciences.

Research at the Institute focuses on basic
science with an emphasis on developmental
biology and the emerging field of molecular
medicine. Specific areas of interest include
cancer research, transgenic science, membrane
biology, structural biology, human genetics,
genome research, gene therapy, vertebrate
development, Drosophila genetics, plant biolo-
gy, and AIDS research. The underlying theme
in all of these areas is the comparison of normal
with genetically altered (mutant) forms to under-
stand the molecular basis of development and
disease. This theme is most evident in the field
of transgenic science; Whitehead scientists have
created mouse strains with gene knockouts
linked to vascular disease, arthritis, skeletal
disorders, blood deficiencies, and adult and
childhood cancers. Comparisons at the cellular
level are driving new research in infectious
disease, where it is now possible to study the
genetics of pathogenesis. Structural biologists at
the Institute compare active and inactive mole-

cules at atomic resolution to explore the un-
equivocal link between structure and function in
biological systems.

The Institute is an independent, free-standing
research facility adjacent to the MIT campus in
Cambridge Center. It is affiliated with MIT
through its faculty, who are also members in the
MIT Department of Biology. Five other inde-
pendent investigators hold positions as
Whitehead Institute Fellows. Approximately 250
scientists are on the Institute staff.

Each year, a number of graduate students
pursue Ph.D. degrees at the Whitehead Institute
through the MIT Department of Biology. Under-
graduate students pursue research objectives
through UROP

Further information may be obtained through
the Office of the Director, Professor Gerald Fink,
Whitehead Institute, 9 Cambridge Center,
Cambridge, MA 02142-1479, (617) 258-5215.

Women's Studies

The Program in Women's Studies offers unique
opportunities for interdisciplinary study and
research for both undergraduate and graduate
students. The primary objective of Women's
Studies is to promote new research about the
construction of gender in all disciplines as well
as to incorporate the experiences, perceptions,
and intellectual contributions of women into
existing curricula. It offers new perspectives in
fields as diverse as anthropology, history, biol-
ogy, psychology, engineering, and literature.
Students can choose a concentration or a minor
in Women's Studies and by petition can major
in Women's Studies. The curriculum includes a
core subject, Introduction to Women's Studies,
and a selection of subjects from many depart-
ments at the Institute. Special independent
study topics and UROP projects can be ar-
ranged. To facilitate interdepartmental research,
the Women's Studies Research Room in the
Humanities Library offers the MIT community a
multidisciplinary resource for the study of
women and gender. The program is described
in greater detail in Chapter III of this catalogue.

-O
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Unified Engineering has an official definition:
"16.010-16.040 - Presents principles and
methods of engineering in a format of lecture,
recitation, and design. Basic disciplines
presented with the unifying theme: forces and
their interaction with solids and fluids: energy
and energy transfer; systems control and
information handling." It's the introductory level
engineering class for course 16 majors.
According to the course Bulletin, it's just
another class, among the thousands at MIT In
reality, it's much more than that.

Unified has the dubious honor of being consid-
ered one of the, if not the, hardest class at MIT
It's a 24 unit class each term of sophomore year
in which a student learns the basics of fluids,
thermodynamics, structures, dynamics, and
propulsion. Its name refers to the tendency of
the course to link the various subjects in lec-
tures and problems and in weekly systems
problems in which the students solve a complex
system by using techniques from several disci-
plines. This unified approach to teaching engi-
neering is unique, but effective. Unified is con-
sidered one of the best classes to take for
overall background in engineering. But the
rewards are not without cost.

Unified has a very difficult workload: two prob-
lem sets a week, a systems problem or lab
every week, and a test almost every week.. .The
amount of work and the stress generated results
in the condition of Unifried: the state of having
worked multiple hours on a problem set only to

have some heinous expression for velocity solve
to 8x109 m/s. However, the instructors and TAs
go to great pains to ensure that students have
many opportunities to get help...or extra tutoring
if they need it. The course has a built-in help
system of tutorials, office hours, and after hours
help. But the best thing about Unified, and what
really makes it unified, is the peer help system.

The second week of the first semester the
Unified Picture Book is passed out to all stu-
dents... It includes the pictures, names, address-
es, and phone numbers of all the students,
along with TA and lecturer phone numbers.
After that, the night before every problem set
and project, it is common to place or receive
calls that start out "Hi, this is Chris, from Unified.
Have you started problem three yet?" Study
groups form and change and reform, people
become known as good in certain disciplines,
and friendships solidify. The rigors of the class
serve to literally unify the students.

The importance of this unification isn't immedi-
ately obvious. But every course 16 sophomore
is in Unified with me right now. There are about
35 of us. I know all of them by sight and name.
That's kind of an amazing fact. I know every
course 16 person in my year. And I know most
of them well enough so that I feel comfortable
calling them at 1:30 on a Sunday or Wednesday
night, confident that they too will be struggling
through the problem set due the next day.
These are the people I will be in classes with for
the next two years. In any course 16 class I take

from now on, I am almost guaranteed to know
someone well enough to work with or just
complain with. That's really neat to know.

I started thinking about Unified and what it really
is at the beginning of this semester, because I'm
also taking 6.002 this term. The contrast is pretty
amazing. Partially it's the sheer size of the class.
6.002 has about 200 students. But it's also the
diverseness of the class. It is mostly made up of
course 6 majors, but no particular year stands
out, and a significant number of non-course 6
majors are taking it for various reasons. The
only people I know in that class are people I
already knew before the class began. I was
surprised to realize that this was normal, that
people didn't consider it odd that they didn't
know their entire class by name. I guess being
in course 16 spoiled me.

I consider Unified one of the milestones in my
life. By getting through the course I will prove to
myself that I can handle the MIT engineering
course load and that the admissions committee
didn't make a mistake when they admitted me.
It's also important because it is my first experi-
ence with a class at MIT that seems genuinely
interested in whether I really learn the material
and can apply it. But I'll remember it most for
being the class where the other students really
made a difference in my learning.

Christine McManus, Class of 1995
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School of Architecture and Planning

Architecture (Course 4)
Urban Studies and Planning (Course 11)
Program in Media Arts and Sciences
(MAS)

The first university instruction in architecture in
the United States began at MIT in 1865, and the
second program in planning started in the
1930s. The present School of Architecture and
Planning continues in the forefront of architec-
ture and planning education, benefiting from the
special collaborations fostered in a university of
science and technology.

The School is particularly concerned with ser-
vices for communities that traditionally have
lacked access to professional help. These goals
are furthered by a culturally diverse student
body and faculty, recruited with a special em-
phasis on minorities and women. The School's
students -more than 100 undergraduates and
400 graduate students from throughout the
world - are trained to deal with clients and
projects at every level and scale of society and
in virtually every corner of the globe.

The School provides an unusual range of pro-
fessional competencies. From one of the
School's academic degree programs, a gradu-
ate may embark on a career in architectural
design or teaching; in planning for a neighbor-
hood or city or remote rural area: in real estate
development for the public or private sector: in
politics as an elected official; in the arts as a
filmmaker or a graphic designer versed in the
use of the latest computer tools; in the commu-
nications industry as a researcher developing
the potential of electronic media.

Departments and Special Programs

The School is host to the Department of Archi-
tecture, the Department of Urban Studies and
Planning, and the Program in Media Arts and
Sciences. These divisions offer undergraduate,
graduate-professional, and doctoral programs
in architecture, planning, and media arts and
sciences, which prepare students for practice,
research, and further study.

Two special programs allow mid-career
practitioners from minority communities, who
work in urban and regional development in the
United States and in developing countries, to
study and pursue independent research during
one academic year. In addition, the general
Institute support for cross-registration at Harvard
University gives professional students the op-
portunity to enrich their education at the Gradu-
ate School of Design and the Kennedy School
of Government, among other areas.
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nternational engagements and their relation to
ducational and professional goals are an
mportant factor in the reach and influence of
he School. These include master's degree
racks for planners in developing areas and
esi gn for Islamic cultures, the Special Program

n Urban and Regional Studies (SPURS), and
he Aga Khan Program for Islamic Architecture.

s part of a great research institution, the
chool provides a base for research sponsored
y the public and private sectors - conducted in

ts laboratories, programs, and centers. As
research assistants, students have the opportu-
ity to gain field experience and to formulate

deas for new proposals. Recent projects have
epresented the areas of energy conservation
nd approprate technology, building econo-
ics, design research, environmental impact
ssessment, dispute resolution, solar design,
pecial needs housing, neighborhood and
ommunity development, and management of

public participation for large-scale urban design
p rojects. Areas of international focus include
ousing for developing countries and architec-

ture and planning in East Asia.

Media Laboratory

The School-based, Institute-wide Media Labora-
tory in MIT's Wiesner Building addresses the
quality of the information environment. The
laboratory draws together such once discrete
disciplines as film, graphics, photography,
music, and computer science in combinations
made possible by new digital video technolo-
gies and by advanced computer applications
capable of simultaneously manipulating sound,
images, and data. Recent initiatives and inven-
tions are enabling computers to serve as tools
for human interaction and expression, and are
giving new directions to publishing, entertain-
ment, and communications.

Center for Real Estate

In 1983, recognizing that many of its profession-
al concerns affected real estate development,
the School created the Center for Real Estate.
The center sponsors a full agenda of research
on issues related to real estate development. It
also serves as the base for the Master of Sci-
ence in Real Estate Development, an interde-
partmental degree program that educates
students to assume positions of responsibility in
both public and private sector development

oraiations. Faculty are drawn from the
School's two departments, the Department of
Economics, the Department of Civil and Envi-
ronmental Engineering, and from MIT's Sloan
School of Management.

Computer Resource Laboratory

A computer facility shared by the Departments
of Architecture and of Urban Studies and Plan-
nin9 is the School's chief link with MIT's com-
puting environment. In addition, several dozen
workstations throughout the School are con-
nected to one another and to the rest of the
Institute via the Athena network. School faculty
and students are developing a computer-based
design support system that will enable explora-
tion of new multimedia approaches for com-
puter-assisted teaching of design and planning.

Office of the Dean

William J. Mitchell, M.A., M.E.D.
Professor of Architecture and Media Arts and
Sciences
Dean

Lois A. Craig, B.A.
Associate Dean

Diane McLaughlin, M.B.A.
Assistant Dean for Administration

Lee-Ann Day, M.S.
Assistant Dean for Resource Development

Michael Joroff, M.C.P
Director of Research Development

William C. Wheaton, Ph.D.
Director, Center for Real Estate

Nicholas Negroponte, M.Arch.
Director, Media Laboratory

Otto Piene, M.A.
Acting Director, Center for Advanced Visual
Studies
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Department of Architecture
(Course 4)

Faculty and Staff

Stanford Anderson, M.Arch, Ph.D.
Professor of History and Architecture
Head of the Department

Professors

Julian Beinart, M.C.P, M.Arch.
Professor of Architecture

John de Monchaux, M.Arch.
Professor of Architecture and Urban Planning

Michael Dennis, B.Arch.
Professor of Architecture

Eric Dluhosch, M.Arch., Ph.D.
Professor of Building Technology

Leon R. Glicksman, Ph.D.
Professor of Building Technology

Leon Bennett Groisser, Sc.D.
Professor of Structures

Gary Hack, M.Arch., M.U.P, Ph.D.
Professor of Urban Design
(On leave)

Sandra C. Howell, Ph.D.
Professor of Behavioral Science in Architecture

Edward Levine, M.A., Ph.D.
Professor of Visual Arts

William J. Mitchell
Professor of Architecture and Media Arts
and Sciences

William Lyman Porter, M.Arch., Ph.D.
Muriel and Norman Leventhal Professor of
Architecture and Planning

Jan Wampler, M.Arch.
Professor of Architecture

Associate Professors

James Axley, M.Arch., Ph.D.
Associate Professor of Building Technology

Benjamin Buchloh, M.Phil.
Associate Professor of the History of Art
(On leave, spring)

David Hodes Friedman, Ph.D.
Associate Professor of the History of
Architecture

William Hubbard, B.Arch., S.M.Arch.S.
Associate Professor of Architecture

Leslie Keith Norford, Ph.D.
Associate Professor of Building Technology

Roy J. Strickland, M.Arch.
Associate Professor of Architecture

Krzysztof Wodiczko, M.FA.
Associate Professor of Photography

Assistant Professors

Sibel Bozdogan, B.Arch., M.Arch., Ph.D.
Assistant Professor of Architecture

Ellen Dunham-Jones, M.Arch.
Assistant Professor of Architecture

Rosemary Grimshaw, M.Arch.
Assistant Professor of Architecture

Leila W. Kinney, M.A.
Assistant Professor of the History of Art

Leonard Morse-Fortier, Ph.D.
Assistant Professor of Building Technology

Francesco Passanti, M.Phil.
Assistant Professor of the History of Architecture
Blackall Professor of History of Architecture
(On leave, spring)

Ann M. Pendleton-Jullian, B. Arch., M.Arch.
Assistant Professor of Architecture

Nasser Rabbat, Ph.D.
Assistant Professor of the History of Architecture
Aga Khan Development Professor in the History
of Islamic Architecture
(On leave)

Wellington Reiter, M.Arch.
Assistant Professor of Architecture

Ritsuko Taho, M.FA.
Assistant Professor of Visual Arts
Cecil and Ida Green Career Development
Professor
(On leave)

Visiting Professors

Royston Landau, Ph.D.
Visiting Professor of the History of Architecture
(Spring)

Akos Moravansky, Dipl. Arch., Dr. Techn., C.Sc.
Visiting Associate Professor of the History of
Architecture

Henry A. Millon, B.Arch., M.Arch., Ph.D.
Professor of History and Architecture
(Fall)

Adjunct Professor

Richard Chester Tremaglio, M.Arch.
Adjunct Professor of Architecture

Principal Research Associates

Reinhard Goethert, M.Arch., Ph.D.
Timothy E. Johnson, S.M.

Research Associates

John S. Crowley, M.Arch.
Robert Smyser, M.L.A.

Senior Lecturers

Dennis Frenchman, M.Arch., M.C.P
Imre Halasz, Dipl. Arch.
Shun Kanda, M.Arch.
John R. Myer, B.Arch.
Otto Piene, M.A.
Maurice Keith Smith, B.Arch.

Lecturers

Fernando Domeyko, Dipl.Arch.
Carl Rosenberg, M.Arch.
(On leave)
Peter Roth, M.Arch.

Technical Instructors

Christopher Dewart, B.A.
Elliot Yama

Administrative Officer

Rebecca Chamberlain, M.S.M.

Academic Officer

Nancy Jones, B.A.

Administrative Assistants
Linda Okun, M.A.
Anne Shepley, B.A.
Jean Sucharewicz, B.S.

Professors Emeriti

Wayne V. Andersen, Ph.D.
Professor of the History of Art, Emeritus

Lawrence Bernhart Anderson, M.Arch.
Professor of Architecture, Emeritus
Dean of the School of Architecture and
Planning, Emeritus

Herbert Lynes Beckwith, M.Arch.
Professor of Architecture, Emeritus
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Overview

Pietro Belluschi, Dott.Ing., LL.D., Sc.D., D.F.A.
Professor of Architecture, Emeritus
Dean of the School of Architecture and
Planning, Emeritus

Richard H. Bolt, Ph.D.
Adjunct Professor, Emeritus

Eduardo Femando Catalano, M.Arch.
Professor of Architecture, Emeritus

Albert George Henry Dietz, Sc.D.
Professor of Building Engineering, Emeritus

Richard Filipowski, B.A.
Associate Professor of Visual Design, Emeritus

N. John Habraken, B.I.
Professor of Architecture, Emeritus

Imre Halasz, Dipl. Arch.
Professor of Architecture, Emeritus

Gyorgy Kepes, M.A.
Institute Professor, Emeritus
Professor of Visual Design, Emeritus
Director, Center for Advanced Visual Studies,
Emeritus

John Randolph Myer, B.Arch.
Professor of Architecture, Emeritus

Otto Piene, M.A.
Prcfessor of Visual Design, Emeritus

Maurice Keith Smith, B.Arch.
Professor of Architecture, Emeritus

Chester Lee Sprague, M.Arch.
Associate Professor of Architecture, Emeritus

Waclaw Piotr Zalewski, D.Tech.Sci.
Professor of Structures, Emeritus

The Department of Architecture is a rich and
varied educational environment for the study
and practice of architecture and art. It has
strong traditions of concern for human values,
and for finding appropriate roles for architecture
in society. It is a place where the individual cre-
ativity of a student can be cultivated and nur-
tured in a framework of values that is humanisti-
cally, socially, and environmentally responsible.

The department's range of activity extends from
addressing significant social, ecological, and
environmental issues to building in today's
market economy: from recent and future tech-
nological advances, especially in the energy
area, to advances in design practice and re-
search. The department seeks to relate these
issues to architectural theory and practice in this
and other countries, bringing them into relation-
ship with the skills, thinking, and heritage of
architecture.

The diversity of attitudes and working methods
in the department makes possible a variety of
academic programs and alternative career
paths.

The department offers five degree programs:
the Bachelor of Science in Art and Design,
Master of Architecture, Master of Science in
Architecture Studies, Master of Science in
Building Technology, and the Doctor of
Philosophy.
Most states require that an individual intending
to become an architect hold an accredited
degree. There are two types of degrees that are
accredited by the National Architectural Accred-
iting Board (NAAB): the Bachelor of Architec-
ture, which requires a minimum of five years of
study, and the Master of Architecture, which
requires a minimum of three years of study
following an unrelated bachelor's degree or two
years following a related preprofessional bache-
lor's degree. These professional degrees are
structured to educate those who aspire to
registration and licensure as architects.

The four-year preprofessional degree, where
offered, is not accredited by NAAB. The prepro-
fessional degree is useful for those wishing a
foundation in the field of architecture, as prepa-
ration for either continued education in a profes-
sional degree program or for employment
options in architecturally related areas.
The department is composed of five discipline
groups: architectural design; architecture stu-
dies; building technology; history, theory, and
criticism of architecture and art; and visual arts.
Students in each degree program are encour-
aged to take subjects in the different discipline
groups.

A broad range of architectural design studios is
offered. Rather than a single core curriculum,
the focus is on a set of design projects of
ascending complexity. Introductory studios
provide a basic architectural design background
and vocabulary and help undergraduates de-
cide whether they want to continue in architec-
ture. The intermediate studios provide a range
of experiences of form-making in which individ-
ual faculty present their particular ways of
exploring a design issue. The advanced studios
give graduate students the opportunity to sharp-
en their skills and to develop their own attitudes
of form-making. In their theses, students carry
through a project of their own from concept
through theory and design to a final product.

The School's computer center is available to
experiment with modeling techniques, graphic
representations, design methods, and assis-
tance with the design process. Students may
also participate in research work in these areas.

The emphasis in Architectural Studies is on
combining the study and practice of shaping
the built environment with research on the built
environment, on the forces that mold it, and on
the design process itself. It covers such areas
as large-scale physical settings, behavioral
studies, environmental programming, the form
and evaluation of cities, design theory and
methodology, decision-making procedures in
design, housing and settlement forms in devel-
oping countries, self-help processes, and
design in nonwestern cultures. Central to these
topics is the role of the user as an active force in
the development of environments and the role
of the designer as an agent in the process of
human habitation.

Building Technology includes teaching and
applications of the fundamentals of technology
as well as research in technology for the next
generation of buildings. Topics include building
structures, materials, industrialized building
systems, energy in buildings, air quality control,
and building simulation. Subjects include funda-
mentals of technology, applications to buildings,
design studios, laboratories, and independent
research projects. For example, students may
study problems of energy resources and tech-
nologies and use this knowledge to design
physical environments or buildings for the next
decade that embody current research concepts.
Research facilities include the Energy Efficient
Buildings and Systems Program and the Light-
ing Laboratory. Research facilities of other
departments such as Mechanical and Civil and
Environmental Engineering are also used in joint
research projects.

Architectural Design is taught from a broad
range of perspectives linking several common
concerns: site and context, use and form,
building methods and materials, and the role of
the architect. Context is considered in terms of
existing and historical physical form (natural and
constructed) and sociological patterns of use.
The architect is seen less as the sole creator of
a completed building than as a participant with
user groups, or as a generator of a structure
which users may add to or alter.
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Undergraduate Study

The History, Theory, and Criticism of Archi-
tecture and Art group emphasizes ways of
developing and organizing concepts as well as
understanding the physical and social context of
an architect's and artist's works. The group is
most concerned with the creative process itself,
both in understanding the meaning of the
architect's and artist's actions and, more impor-
tantly, in being able to contribute directly to
analytical and design processes (including work
in architectural design studios).

The history of architecture offerings deal with
social and physical contexts of the built environ-
ment on many scales. While not limited to any
particular period of time, they generally focus on
contemporary understanding relevant to the
basic premises held by architects. Theory and
criticism of architecture serve as the method-
ological bases for evaluation of the premises,
the process, the final product, and the implica-
tions (social, formal, and other) of proposed
action and nonaction. These offerings consider
the development of and changes in significant
attitudes about architectural works.

The Visual Arts group is a field in which the
mind and hand are fused in relation to a single
vision. The group places the particular media
second and the idea of discovery first. The
implications for the architectural artifact are to
clarify and purify its relation to the guiding idea.

This group is currently being built up for MIT
undergraduates, first at the foundation level,
then for those interested in minors and majors
in the visual arts, and for architectural design
students who wish to draw creative new direc-
tions from the work and influence of visual
artists.

The Minor Program is designed to enable
students to concentrate on the historical, theo-
retical, and critical issues associated with artistic
and architectural production. Introductions to
the historical framework and stylistic conven-
tions of art and architectural history are followed
by more concentrated study of particular peri-
ods and theoretical problems in visual culture
and in cultural history in general.

The Minor Program in History of Art and
Architecture consists of six subjects arranged
into three levels of study and chosen as follows:

TIER I: Two subjects

4.601 Introduction to Art History
or

4.602 Modernism and Mass Culture
and

4.605 Introduction to the History and
Theory of Architecture

TIER 11: Three subjects chosen from the
following list, with no more than two subjects
from either the history of art or the history of
architecture

4.635
4.641
4.643J
4.645
4.651
4.652
4.665

4.670

4.672

4.673

Renaissance Architecture
19th-Century Art
Modernism and Sexuality
Architecture: 1750-Present
20th-Century Art
History of Photography
Contemporary Architecture:
A Critical Review
Civic and Residential Islamic
Architecture
Religious Architecture and Islamic
Culture
The Architecture of Cairo

TIER Ill: One subject

4.609 Seminar in History of Art and
Architecture

The department offers two undergraduate
courses of study. They provide a broad under-
graduate education for students who have clear
professional goals and for those who desire a
solid foundation for a number of possible ca-
reers. Course IV leads to the Bachelor of Sci-
ence in Art and Design, and Course IV-B leads
to the Bachelor of Science.

Bachelor of Science in Art and Design
Course IV

Course IV offers a flexible program for students
in four possible areas of concentration: visual
arts: architectural design: building technology
(including structures, building process, energy
systems, and environmental control): and
history, theory, and criticism of art and architec-
ture. Within a clear framework, students develp
individual courses of study best suited to their
needs and interests.

The requirements for the S.B. in Art and Design
curriculum begin with an introductory subject
4.101 Introduction to Architectural Design I,
designed to be taken by freshmen and sopho-
mores. The remaining restricted electives in-
clude beginning work in the arts, architecture
and the building process, and the history and
social context of art and architecture.

Undergraduates interested in technology and
architecture should consult a faculty advisor in
Building Technology. They can plan a Course
concentration including structures, thermal sys-
tems, building systems, computer-aided design,
building simulation, and work on current re-
search projects. A joint program with a depart-
ment within the School of Engineering can also
be structured.

Students should discuss their educational inter-
ests and plans with a faculty advisor not later
than the beginning of the fall term of their junior
year. The department has prepared charts
which give the subject requirements for each of
its four areas of concentration. Each area of
concentration provides a variety of subjects
from which to choose, as well as an opportuniy
to get deeply involved in a particular subfield.

Students who plan to continue their studies for
the graduate degree, Master of Architecture,
must apply for admission to the graduate
M.Arch. program. Students who have fulfilled
the requirements for the Bachelor of Science in
Art and Design normally are able to satisfy the
requirements for the M.Arch. in two years if they
include in their undergraduate program a suffi-
cient number of professional subjects. This re-
quires careful use of a student's unrestricted
electives.

Students who intend to continue with graduate
studies in the visual arts, building technology,
and history, theory, and criticism of architecture
should consult with an appropriate faculty
member to design a program of study which
establishes the basis for graduate study.
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Bachelor of Science in Art and Design
Course IV

CLASS of 1997 or later See Notes on Course IV below.

General Institute Requirements (GIRs) Subjec

Science Requirement

Humanities, Arts, and Social Sciences Requirement [one
subject can be satisfied by subjects in the Departmental
Program]

Restricted Electives in Science and Technology (REST)
Requirement* one subject can be satisfied by 4.440
or 4.42J In the Departmental Program]

Laboratory Requirement

Total GIR Subjects Required for S.B. Degree

PLUS

Departmental Program Uni

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects

4 101 Introduction to Architectural Design 1, 12

4,301 Foundations in the Visual Arts, 12, HASS-D

4,401 Introduction to Building Technology, 12

4.605 Introduction to the History and Theory of
Architecture, 12, HASS-D

One of the following two subjects:

4.42J Fundamentals of Energy in Buildings, 12,
REST 8.02, 18.02

4.440 Basic Structural Theory. 12, REST 8.02, 18.02

One subject each from two of the following three groups:

Group 1 Architectural Design

4.104 Introduction to Architectural Design 11, 12: 4.101

Group 2 VIsual Arts

4.322 Introduction to Sculpture, 12, HASS: 4.301

4,341 Introduction to Photography, 12. HASS" 4.301

Group 3 History and Social Context

4.250J Introduction to Urban Design and
Development. 12, HASS

4 264 Environmental Psychology, 12, HASS

Bachelor of Science Course IV-B

ts

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GiRs. Every
subject in the student's departmental program will count toward
one or the other, but not both.

Notes on Course IV

5 CLASS of 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the

8 total number of GIRs constant atf17.

*Only one subject in the field of visual Arts or the field of History
and Social Context used In fulfillment of the Departmental

3 Program may be used to satisfy the Humanities m Arts, and
Social Sciences (HASS) Requirement. Students cannot have the

I same departmental area of concentration and HASS field of
concentration.

"The REST Requirement was formerly called the Science
17 Distribution RequIrerment. See Chapter III for further details on

this and other Institute requirements.

Its

Minor Program

The requirements for a Minor in Architecture
are as follows:

84 4.101 Introduction to Architectural Design I

4.104 Introduction to Architectural Design 1i

4.605 Introduction to the History and Theory
of Architecture

and

Three subjects chosen from the following lists:

Up to two from among 4.203, 4.250J, and
4.264

Up to two from among 4.301, 4.322, 4.341,
and 4.351

Up to two from among 4.401, 4.42J, and 4.440

No more than one from among 4.601, 4.602,
and 4.635.

For a general description of the Minor Program,
refer to Chapter Ill.

Course IV-B is offered for students who find that
their basic intellectual commitments are to
subjects within the Department of Architecture
but whose educational objectives cut across
departmental boundaries. These students may,
with the approval of the department, plan a
course of study that meets their individual
needs and interests while including the funda-
mental areas within the department. For exam-
pIe, students might create a coherent program
combining subjects in architecture with subjects
in urban studies and planning, computer sci-
ence, systems analysis, acoustics, etc.

As early as possible, students should discuss
their interests and intended programs with
department faculty members. Students who
wish to follow Course IV-B must submit to the
department, not later than the beginning of the
fall term of their junior year, a statement of
educational goals, including a list of the re-
stricted, planned, and unrestricted electives
selected to achieve these goals.

The Course IV-B curriculum is similar to Course
IV, except that students need take only five
subjects, four of which must be from the first
two groupings, and the fifth of which must be
from Group 1, 2, or 3 in the Course IV curricu-
lum, plus a coherent program of planned elec-
tives (96 units) leading to a well-defined interdis-
ciplinary goal. Further details may be obtained
from the department.

Students in either program of the Department of
Architecture may, upon consultation with a
faculty advisor, exercise flexibility in scheduling
completion of the General Institute Require-
ments. It should be emphasized, however, that
any program of studies that involves postponing
first-year physics and mathematics limits the
possibilities of transferring easily to (or taking
advanced subjects in) those departments that
presuppose the completion of most of the
General Institute Science Requirements by the
end of the sophomore year.

4.641 19th-Century Art, 12, HASS

4,651 20th-Century Art, 12. HASS

Planned Electives 72
A coherent set of subjects within one of the following areas of
concentration (in addition to two subjects above in the area)
Architectural Design: Building Technology; History, Theory, and
Criticism of An and Architecture: Visual Arts. See department for
details,

Departmental Program units that also satisfy the GIRs (24)

Unrestricted Electives 48
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Graduate Study

The department offers four graduate degree
programs -the Master of Architecture, Master of
Science in Architecture Studies, Master of
Science in Building Technology, and the Doctor
of Philosophy.

The Master of Architecture is awarded to stu-
dents who complete a program, accredited by
the National Architectural Accrediting Board,
that is an essential step toward licensure for
architectural practice.

The Master of Science in Building Technology
program is run jointly by the Departments of
Architecture, Civil and Environmental Engineer-
ing, and Mechanical Engineering. It is meant for
students who intend to make this field their
career.

The Master of Science in Architecture Studies
program stresses research and inquiry in the
built environment: the degree is meant both for
students who already have their first profession-
al architecture degree and those whose pre-
vious education matches the program.

The Ph.D. program is an advanced degree
program initiated in the area of History, Theory,
and Criticism, and has been expanded to the
area of Building Technology.

Master of Architecture

The Master of Architecture is awarded upon the
satisfactory completion of an approved program
of at least 164 units, of which 96 units must be
in H-level (formerly A-level) subjects, and an
acceptable thesis. Those who have not yet
studied in a department of architecture require
three and one-half academic years of residence
to fulfill the requirements for the M.Arch. degree.

Advanced standing is possible for students who
have taken architectural design at an accredited
school of architecture. Students who have
majored in architectural design at a "4 plus 2"
architecture school, including MIT, may have the
time to complete the program reduced to two
and one-half or even two years depending on
their academic experience and
accomplishments.

The professional M.Arch. program is seen as
being diverse and open-ended with many views
of an appropriate theory and practice of archi-
tecture available, yet with a general set of
shared concerns. These include a commitment
to design, a concern for the behavior of people
and their participation in creating architecture,
an interest in inquiry and criticism, a view of the
environment as a living and developing phe-
nomenon, an interest in the relation between the
built environment and institutions, a regard for
the material processes of building, and a con-
cern for the spatial and temporal contexts of
buildings.

Architectural design studios are the center of
the M.Arch. degree program. Students must
recognize that there are many possible profes-
sional roles, and therefore must assume much
of the responsibility for structuring their own
educational programs. While the professional
curriculum specifies that a student study a
range of subjects in several interrelated fields,
students in the M.Arch. program have some
choice within each of the study areas offered in
the department, and have the opportunity to
concentrate in one area which they may define.

Master of Science In Architecture Studies

This program is designed to provide a climate
for research and inquiry that stresses the
investigative component of understanding the
built environment. It is open to students with
professional degrees in architecture. The
S.M.Arch.S. degree is awarded upon satisfac-
tory completion of an approved program of
study and the completion of an acceptable
thesis. The department requires two full aca-
demic years of residency.

The program has a strong interest in the meth-
ods of inquiry, development and testing of
knowledge, and the building and application of
theory as it pertains to the built environment. It
allows students to specialize in areas in which
they wish to obtain particular abilities. There are
three major areas of study.

In Architecture and Urbanism, areas of faculty
interest include theory of urban form and urban
design strategies linked to the institutions that
effect urban change.

Architecture and Culture concentrates on
issues of regional and cultural identity and
expression in architectural and urban form in
Muslim and other nonwestern societies.

Design Inquiry focuses on the search for
principles of architectural form and design. A
research and teaching group in Design Compu-
tation is currently in formation.

A few students can enter the areas of History,
Theory and Criticism, and Building Technology,
where they work alongside S.M.B.T. and doctor-
al students, and, as a result, are able to carry
their learning experience back to professional
practice, design education, or technology
research.

In all of these areas, related subjects are avail-
able in the Department of Urban Studies and
Planning, in other departments at MIT, and at
Harvard.

About 70 percent of the students in the
S.M.Arch.S. program come from outside the
United States; this encourages the exchange of
ideas across cultures. Students often use a site
in their home countries as a base for their
theses.

Master of Science in Building Technology

This program provides a focus for graduate
students interested in the development and
application of advanced technology for
buildings. Students in this program take relevant
subjects in basic engineering disciplines along
with subjects which apply these topics to
buildings. The program is open to qualified
students with a degree in engineering or in
architecture with a suitable background in
technology.

The program concentrates on the development
of the next generation of technology for build-
ings as well as the innovative application of
state-of-the-art concepts to building systems.
Research programs, in many cases jointly
carried out with faculty and students in the
School of Engineering, include advanced
thermal insulation concepts, solar energy
building envelope systems, composite
materials, air quality control, monitoring and
controls, and building simulation.

Doctor of Philosophy

The Ph.D. program in Architecture, Art, and
Environmental Studies is grounded primarily in
the area of History, Theory, and Criticism. It
draws upon the unique range of disciplines and
professions within the Department of Architec-
ture and emphasizes the study of Western
(nineteenth and twentieth centuries) and Islamic
architecture and urbanism, and methodological
issues that inform or link historical and practical
work. The Ph.D. program in Building Techno-
logy is a research-based program aimed at
fundamental studies at the forefront of building
technology in the areas listed above.

Candidates for the program should have a
master's degree or the equivalent. Previous
university work may be in academic or profes-
sional schools, and in the history of architecture:
some professional experience is also recom-
mended. Candidates with degrees from other
institutions are required to be in residence for
two full academic years.

Each student admitted to the program should
consult with one principal professor to work out
both a three-person advisory committee and a
general plan of study. Progress through the
program follows a sequence of subject work,
qualifying papers, general examinations in major
and minor fields, and dissertation writing and
defense. Proficiency in two languages is man-
datory for students in Architecture, Art, and
Environmental Studies. Students are encour-
aged to take subjects appropriate to their pro-
grams in other departments at MIT, and at
Harvard.

Inquiries

Further information concerning undergraduate
and graduate academic programs in the depart-
ment, admissions, financial aid, and assistant-
ships may be obtained from the Department of
Architecture, Room 7-303, MIT Cambridge, MA
02139-4307, (617) 258-8436.
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Department of Urban Studies
and Planning
(Course 11)

Faculty and Staff

Phillip L. Clay, Ph.D.
Professor of Urban Studies and Planning
Head, Department of Urban Studies and
Planning

Professors

Lawrence Bacow, J.D., Ph.D.
Professor of Law and Environmental Policy
(On leave)

John de Monchaux, M.Arch.
Professor of Architecture and Urban Planning
Dean, School of Architecture and Planning
(On leave)

Joseph Ferreira, Jr., S.M.E.E., Ph.D.
Professor of Urban Studies and
Operations Research

Robert M. Fogelson, Ph.D.
Professor of History and Urban Studies

Bernard Joel Frieden, M.C.P, Ph.D.
Professor of City Planning
Chair, Ph.D. Program

Ralph A. Gakenheimer, M.R.P, Ph.D.
Professor of Urban Studies and Planning and
Civil Engineering
Chair, Masters Program

Gary Hack, M.Arch., M.U.P, Ph.D.
Professor of Urban Design
(On leave)

Merton Kahne, M.D.
Professor of Social Psychiatry

Langley Carleton Keyes, Ph.D.
Ford Professor of City and Regional Planning

Tunney F. Lee, B.Arch.
Professor of Architecture and Urban Studies and
Planning
(On leave)

Frank Levy, Ph.D.
Professor of Urban Planning and Economic
Development

Gary T Marx, Ph.D.
Professor of Sociology
(On leave)

Karen R. Polenske, Ph.D.
Professor of Regional Political Economy and
Planning
Director, Special Programs for Urban and
Regional Studies

William Lyman Porter, M.Arch. Ph.D.
Muriel and Norman Leventhal Professor of
Architecture and Planning

Martin Rein, M.S.W., Ph.D.
Professor of Sociology
(On leave)

Lawrence E. Susskind, M.C.P, Ph.D.
Professor of Urban Studies and Planning
(On leave, spring)

Judith Tendler, Ph.D.
Professor of Political Economy
(On leave, fall)

William Cody Wheaton, Ph.D.
Professor of Economics and Urban Studies

Associate Professors

Bishwapriya Sanyal, M.C.P, Ph.D.
Associate Professor of Urban Studies and
Regional Planning
(On leave, spring)

J. Mark Davidson Schuster, Ph.D.
Associate Professor of Urban Studies and
Planning

Assistant Professors

Paul Smoke, Ph.D.
Assistant Professor of Political Economy and
Planning

Lawrence Vale, Ph.D.
Assistant Professor of Urban Studies and
Planning
Chair, Undergraduate Program

Adjunct Professors

Philip Barnard Herr, M.C.P
Adjunct Professor of City Planning

Melvin H. King, M.Ed.
Adjunct Professor of Urban Studies and
Planning
Director, Community Fellows Program

Senior Lecturers

Louise Dunlap, Ph.D.

Dennis Frenchman, M.C.P, M.Arch.

Richard Schramm, Ph.D.

Michael Wheeler, J.D., LL.M.
(On leave)

Lecturers

John Ehrenfeld, Sc.D.
Senior Research Associate

Visiting Lecturers

Paul Levy, M.C.P

Conni Ozawa, Ph.D..

Jesse C. Ribot, Ph.D.

Administrative Officer

Rolf R. Engler, A.S.A.

Administrative Staff

Paula Anzer, M.C.P

Sandra Wellford

Professors Emeriti

Aaron Fleisher, Sc.D.
Professor of Urban and Regional Studies,
Emeritus

Roland Bradford Greeley, M.C.P
Professor of Regional Planning, Emeritus

John Tasker Howard, M.C.P
Professor of City Planning, Emeritus

Lisa Redfield Peattie, Ph.D.
Professor of Urban Anthropology, Emeritus

Uoyd Rodwin, M.PA., Ph.D.
Senior Lecturer
Ford International Professor, Emeritus

Donald Alan Sch6n, Ph.D.
Senior Lecturer
Professor of Urban Studies and Education,
Emeritus
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Overview Undergraduate Study

The Department of Urban Studies and Planning
(DUSP) offers several degree and nondegree
programs: Bachelor of Science in Planning;
Master in City Planning (M.C.P); Master of
Science in Urban Studies and Planning: Doctor-
ate in Urban Studies and Planning: joint pro-
grams with the Departments of Architecture,
Civil and Environmental Engineering, Political
Science, and Economics: the Special Program
in Urban and Regional Studies (for mid-career
professionals from less developed areas): the
Community Fellows Program (for mid-career
professionals from communities of color in the
United States); and special student status for
part-time mid-career professionals interested in
taking individual subjects.

City and regional planners in the US and other
parts of the world are involved in physical and
economic development and the management of
the environmental and social consequences of
development. They engage in a variety of
activities aimed at shaping the pattern of human
settlements, and at providing people with
housing, public services, employment
opportunities, and other crucial support systems
that comprise a decent living environment.
Planning encompasses not only a concern for
the structure and experience of the built
environment, but also a desire to harness the
social, economic, political, and technological
forces that give meaning to the everyday lives of
men and women in residential, work, and
recreational settings. Planners operate at the
neighborhood, metropolitan, state, or national
level, in both the public and private sectors.
Their tasks are the same: to help frame the
issues and problems that receive attention, to
formulate and implement programs and policies
responsive to individual and group needs, and
to work with and for various communities in
allocating both economic and natural resources
most efficiently and most equitably.

Planners are often described as "generalists
with a specialty." Specialties include housing
and economic development, environmental
design and development, regional economic
development, planning and development in
third world countries, and the creation and use
of computer-based support systems for plan-
ning and development. Planning specialties are
also distinguished in terms of the geographic
levels at which decision making takes place
neighborhood, city, region, state, and nation).
ubspecialties within the planning field also

have been described in terms of the roles that
planners are called upon to play, such as man-
ager, designer, regulator, advocate, evaluator, or
futurist. The Department of Urban Studies and
Planning is committed to educating planners
who can advocate the interests of underrepre-
sented constituencies.

A focus on practice and the development of
practice-related skills is central to the depart-
ment, particularly to students in the professional
degree (M.C.P ) program. One way of acquiring
these skills and integrating them with classroom
knowledge is through the department's
fieldwork and internship programs. Through
fieldwork, students can acquire competence by
working with capable practitioners and then

bringing field experiences back into the aca-
demic setting for reflection and discussion.
Students may work in community organizations
or government agencies, or under the direction
of faculty members involved in field-based
projects for outside clients. Academic credit is
awarded according to the time committed. In
some cases stipends are related to fieldwork or
internship programs.

Specific opportunities for concentration and
specialization available to students are included
in the descriptions of the degree programs that
follow.
During the month of January, the Department of
Urban Studies and Planning offers a series of
"mini-subjects" in specialized fields not covered
by the regular curriculum. These subjects are
part of the Professional Development Institute
and include both subjects for credit and for
professional development. Student-organized
subjects are encouraged.

The Minor Program in Urban Studies and
Planning offers students the opportunity to
explore issues in the field of public policy in
some depth by taking six subjects. Students
initially take three Tier I subjects that establish
the governmental, economic, and urban design
contexts for public policy decision making.
Next, students choose two Tier I elective sub-
jects, which provide an opportunity to focus on
environmental policy issues, or to emphasize
the study of urban problems and institutions.
Lastly, students take 11.123 Big Plans, which
aims at a reflective synthesis of past and present
efforts to implement large projects and policies.
Students are encouraged to craft a minor that
reflects their own particular interests within the
general parameters of the Minor Program re-
quirements and in consultation with the Minor
Advisor.

Tier I: Three subjects

11.001 J Introduction to Urban Design and
Development

11.002 Introduction to Public Policy Analysis
and Government Action

and
11.165 Courts and American Society

Tier II: Two subjects from the following

11.007J
11.008J
11.011
11.01 3J
11.018
11.020
11.022J

11.100

11.102J
11.122

The Department of Urban Studies and Planning
offers a Bachelor of Science in Planning, a
HASS minor, and a variety of HASS concentra-
tions. There is also an accelerated S.B./M.C.P
program which allows exceptional students to
complete their undergraduate and master's
degree work in five years.

Bachelor of Science in Planning
Course XI

The Department of Urban Studies and Planning
offers an interdisciplinary preprofessional under-
graduate major designed to prepare students
for careers in both the public and private sec-
tors. The major also provides a sound founda-
tion for students intending to do graduate work
in law, public policy, development, urban de-
sign, management, and planning itself. The
subjects in the major teach students the ways in
which the tools of economics, policy analysis,
political science, and design can be brought to
bear on critical social and environmental prob-
lems in the US and abroad. In addition, students
learn the special skills and responsibilities of
planners who seek to promote efficient and
equitable change.

After satisfying the core requirements listed
below, students must use their planned elec-
tives to pursue one of the following tracks:
public policy, environmental planning and
design, or urban studies. The required laborato-
ry - based in the department's Computer Re-
source Laboratory -deals with issues common
to these three areas. In the laboratory subject,
students explore the ways in which emerging
technology can be employed to support better
government decision making.

Students are encouraged to develop a program
that will strengthen analytic skills and broaden
their intellectual perspectives on the one hand,
yet will test these insights in real-world applica-
tions on the other. Students must undertake a
senior project that synthesizes what they have
learned. Such a project may be a focused
analysis of a policy issue, or a report on a
problem-solving experience from an internship
or other fieldwork.

Controversies in Public Policy
Economic Structure of Cities
The Art and Science of Negotiation
American Urban History I
Solving the Infrastructure Crisis
Poverty, Insecurity, and the Underclass
American Living Standards and
Income Inequality
Introduction to Technology and
Environmental Analysis
The Economics of Transition
Environmental Policy and Regulation

Tier Ill:

11.123 Big Plans



Department of Urban Studies and Planning (Course 11) 127

Bachelor of Science In Planning
Course XI-Option 1

CLASS of 1997 or later: See Notes on Course X1-Option 1
below.

General institute Requirements (GIRs) Subjects

Science Requirement

Humanities, Arts, and Social Sciences
Requirement [four subjects can be satisfied by
subjects in the Departmental Program]

5

8

Restricted Electives In Science and Technology (REST) Require-
ment*t 3

Laboratory Requirement [can be satisfied by 11.188
In the Departmental Program] 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects

Group 1: Overview

AJI of the following:

11.002 Introduction to Public Policy Analysis
and Government Action, 12, HASS

76-79

11 007J Controversies in Public Policy, 12, HASS-D

11 123 Big Plans. 9, HASS

11.188 Social Research Methods. 12, LAB

Group II: Economics

One of the following:

11 008J Economic Structure of Cities, 12, HASS, 14 01.
14.02

11 102J The Economics of Transition, 12. HASS, 14,02

14.01 Principles of Microeconomics, 12. HASS

Group III: Built Environment

One of the following:

11.001J Introduction to Urban Design and
Development, 12, HASS

11.014J American Urban History 11, 9. HASS

11 018 Solving the Infrastructure Crisis, 12. HASS

Group Iv: Senior Project

Senior Thesis Project (12 units)

Planned Electives 48

With the advice of their departmental advisor, students structure
a program of 48 units of planned electives that allows
exploration of a planning or policy area in depth This work lays
the foundation for the senior project. Students may select as
planned electives any Group 1i or Group iII optional subjects
which were not used to satisfy core requirements above.
Students meet the balance of planned elective unit
requirements by taking a cluster of subjects within one of three
tracks: Public Policy, Environmental Planning and Design, or
Urban Studies See the department for a list of acceptable
subjects in these areas (the majority of which satisfy the HASS
requirement).

Departmental Program units that also satisfy
the GIRs (57-60)

Unrestricted Electives 113

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs Every
subject In the student's departmental program will count toward
one or the other. but not both.

Notes on Course Xi- Option 1
CLASS of 1997 or later The Science Requirement Increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17

*The REST Requirement was formerly called the Science
Distribution Requirement See Chapter Ill for further details on
this and other Institute requirements.

fA computer-related subject such as 1.00 Introduction to
Computers and Engineering Problem Solving is suggested as
one subject.

Bachelor of Science in Planning
Course XI -Option 2

Thjs option, in cooperation with Civil and Envi-
ronmental Engineering, is designed for Students
who want to Combine the skillS of the two fields.
For example, such programs concentrate on
environmental engineering, on transportation
systems related to land development, or on
constructed facilities and environmental plan-
ning. Other combinations are possible.

The program is administered by a committee of
faculty representing the two departments.
Applications are made directly to this committee
through either department. The committee
advises students on the choice of subjects to
meet their study objectives.

This is a combined degree. The diploma names
only the S.B. in Planning, but a letter provided
upon graduation by the Combined Program
Committee confirms the student's participation
in the program,

Bachelor of Science In Planning
Course XI -Option 2

CLASS of 1997 or later See notes on Course XI- Option 2
below

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement [one
subject can be satisfied by 14.01 in the Departmental
Program]' 8
Restricted Electives in Science and Technology (REST)
Requirement" [two subjects can be satisfied by 1.00 and
18 03 in the Departmental Program] 3

Laboratory Requirement
2

1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects

1.00 Introduction to Computers and Engineering
Problem Solving. 12. REST 18 01

1.03 Introduction to Probability and Statistics for
Engineers, 12: 1801.1802

14,01 Principles of Microeconomics. 12 HASS

One of the following three subjects:

11,0011 Introduction to Urban Design and
Development. 12, HASS

11.002 introduction to Public Policy Analysis
and Government Action, 12. HASS

11. 101J Learning to Design and Designs for Learning,
12. HASS

plus

1803 Differential Equations, 12. REST 18 02*

Planned Electives

60

84

Including

Subjects which assure breadth and depth In the area of
specialization (at least 18 units)

Civil and Environmental Engineering subjects (at least 18 units)

A special studies project or thesis which requires a
synthesis of knowledge within the scope of the joint
program (at least 12 units)

Departmental Program units that also satisfy the GIRs (36)

Unrestricted Electives 72

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17 subject GIRs
and as part of the 180 units required beyond the GIRs Every
subject in the student s departmental program will count toward
one or the other, but not both

Notes on Course XI- Option 2

CLASS of 1997 or later The Science Requirement increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'Up to 27 additional units of unrestricted electives may be
obtained if three of the planned electives in the Departmental
Program are designatea as the student s field of concentration
2
Suggested subject- 11.188

*Alternate prerequisites are listed in the subject description.

"The REST Requirement was formerly called the Science
Distribution Requirement See Chapter III for further details on
this and other institute requirements
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Graduate Study

Five-Year S.B.-M.C.P. Option

MIT undergraduate planning majors may apply
for admission to the department's Master in City
Planning (M.C.P) Program at the end of their
junior year. Students accepted into the five-year
program are exempted from the undergraduate
thesis requirement and receive both the Bache-
lor of Science and the Master in City Planning at
the end of five years. Admission is limited to
those undergraduates who have demonstrated
exceptional professional promise. More informa-
tion on the five-year program can be obtained
from the Director of the Undergraduate Urban
Studies Program or the Chairman of the M.C.P
Committee.

HASS Concentrations

DUSP offers clusters of subjects that satisfy the
Institute requirement. These various clusters
allow students either to develop competence
within a specific discipline or to explore a partic-
ular policy problem. Sample programs are
available from Sandra Wellford, Undergraduate
Administrator, Room 7-338, MIT, (617)
253-4409.

The Department of Urban Studies and Planning
offers graduate work leading to the Master in
City Planning and the Doctor of Philosophy. The
Course is open to students with varying
backgrounds. Urban studies, environmental
studies, architecture, political science, civil
engineering, economics, sociology, law,
management, geography, and public adminis-
tration all offer suitable preparation. Applicants
from other fields are also accepted. Undergrad-
uate preparation for urban studies and planning
usually differs from that required for scientific
degrees at MIT Further information concerning
academic programs in the department,
applications for admission, and financial aid may
be obtained from Graduate Admissions, Room
7-338, MIT, (617) 253-2022.

Master In City Planning

The basic professional degree in the planning
field is the Master in City Planning (M.C.P). The
Department of Urban Studies and Planning
provides graduate education for men and
women who assume professional roles in public
and private agencies, in the United States and
abroad. The department seeks to provide M.C. P
students with the skills and specialized knowl-
edge needed to fill traditional as well as emerg-
ing planning roles.

The two-year Master in City Planning Program
emphasizes the mastery of the tools necessary
for effective practice and is therefore distinct
from liberal arts programs in urban affairs. An
intensive course of study stresses skills for
policy analysis and institutional intervention. The
master's program is recognized by the Ameri-
can Planning Association.

The M.C.P Program offers professional training
mainly within the context of the institutional
processes of more developed countries, and is
described in the following paragraphs. For those
students from developing areas of the world or
for those with a primary interest in such areas, a
modified option is available, summarized in the
subsequent section on Master in City Planning
for Developing Areas. Because the M.C.P/DA
Program has a departmental admissions
process that explicitly takes into account
educational backgrounds and professional
experience acquired abroad, applicants must
specify interest in the M.C.P/Developing Areas
option on their application forms if they wish to
be admitted to that program.

A student's plan of study in the M.C.P Program
is set forth in a program statement developed
jointly by the student and faculty advisor. The
program statement describes the purposes and
goals of study, the proposed schedule of sub-
jects, the manner in which competence in a
specialization is developed, and an indication of
a possible thesis project topic. The program
statement is submitted at the end of the first
semester of study to the M.C.P Committee,
which monitors each student's progress.

Degree Requirements. Students are expected
to take a minimum of 30 credit units each term
(about three subjects) or a minimum of 126 total
units, in addition to the thesis.

Professional Core. Three subjects, taught in
conjunction during the student's first term in the
department, constitute a "core experience"
viewed as central to the professional program.
These core subjects (11.200 Planning and
Institutional Processes, 11.210 Political
Economy for Planners I, and 11.220 Quantitative
Reasoning and Statistical Methods for Planning
I) are described in Chapter VIII.

In addition to the core subjects, students are
required to take an introductory subject in one
of the four curriculum focus groups during the
first semester.

During the fall of the second year, students are
required to take a thesis seminar in their area of
specialization.

It is possible to test out of 11.210 and 11.220,
(not 11.200 or 11.205): the exams also serve to
diagnose the student's own strengths and
weaknesses.

M.C.P students select an area of specialization
by the end of the first semester, tailored to the
individual student's interests. Specializations at
the M.C.P level are described below.

Design and Development combines the tradi-
tional area of environmental design and real
estate development. This specialization involves
conceptualizing, guiding, and implementing
changes in the spatial environment. Work in
environmental design involves acquiring knowl-
edge about the interactions between people
and the settings they inhabit: understanding the
historical evolution of current forms of settle-
ment; learning methods for analyzing, program-
ming, designing, and implementing environ-
mental change; anticipating and coping with the
impact of changes in the form and functioning
of human settlements; and developing pro-
cesses for regulating and managing environ-
ments over time. Real Estate Development
focuses on the planning and management of
urban development, and especially on design,
location, and financing.

Emphasis is on analysis of the financial
dimensions of real estate, public policies that
affect private development, incentives in the
development sector, land-use regulations, and
assessment of markets and housing needs.
Public-private partnerships for real estate
development construction issues and the
operation of financial markets are other
important subjects. Students may elect to
pursue subjects offered as part of the Real
Estate Development Program, described in
Chapter VI.
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Environmental Planning and Policy empha-
sizes the study of the legal, institutional, and
economic tools with which society conserves
and manages its environmental resources.
Areas of concern include energy facility siting,
pollution control, land use and growth manage-
ment, environmental impact assessment, sus-
tainable development, energy policy, and coast-
al zone management. Students examine the
interactions between built and natural systems,
techniques for describing and evaluating
changes in environmental quality, approaches to
environmental policy analysis, and mechanisms
for assessing the choices posed by the environ-
mental impacts of new technology in local,
state, national, and international contexts.

Housing, Community, and Economic Develop-
ment integrates economic, social, and political
theories of development with planning and im-
plementation methods. While the development
of the whole community is necessary, the em-
phasis is on the delivery and provision of hous-
ing and employment. Studies include national
and local housing employment policies; com-
munity social structure; legislative, administra-
tive, and private institutions; and financial analy-
sis of public programs and private capital. Other
studies include the impact of housing, capital,
and labor markets on the operation of the local
economy; strategies for intervening in neighbor-
hood income and employment structures; anal-
ysis of current and alternative policies toward
neighborhoods; and the development of new
techniques for definin9 community needs, as-
sessing alternative policies, and implementing
planned change.

Developing Countries and Regional Policy
(DCRP) includes students who are largely
interested in regional planning and policy from a
developed-country perspective, and students
following the Developing Areas option de-
scribed below. The first group of students will
generally take 11.200 for their core requirement
subject on institutional process; those in the
latter group or those who are more interested in
an international comparative perspective on
planning and planning institutions, 11.205. The

CRP curriculum offers five areas of specializa-
tion: income distribution and poverty alleviation;
shelter, settlement, and urban design; transpor-
tation and infrastructure development; institu-
tional approaches to economic development;
and regional theory and policy.

All students are required to submit a thesis on a
topic of their choice. The department encour-
ages M.C.P students to avoid the traditional
perception of the thesis as a "minidissertation,"
and to think instead of a client-oriented, profes-
sional document which bridges academic and
professional concerns. While most of the thesis
work occurs during the last semester of the
second year, students are urged to begin the
process of defining a thesis topic early in the
second year through their participation in a
required thesis preparation seminar.

Students in the M.C.P Program are encouraged
to integrate fieldwork and Internships with
academic coursework. The department pro-
vides a variety of individual and group field
placements involving varying degrees of faculty
participation and supervision. Academic credit is
awarded for field experience, although some
students choose instead to participate in the
work-study financial aid program. The depart-
ment also sponsors a variety of seminars in
which students have an opportunity to reflect on
their field experiences.

Master In City Planning/Developing Areas
Option

The requirements for this professional degree
option are similar to those of the regular M.C.P
Program. However, while the core and special-
ized subjects of the regular program emphasize
practice in developed countries, the Master in
City Planning/Developing Areas (M.C.P/DA)
Program places greater weight upon institutional
comparisons and planning skills for regional
and urban growth and development in Asia, the
Middle East, Africa, Latin America, and the
Caribbean region. Students with an interest in
the development problems of disadvantaged
regions in the United States, Canada, Europe,
and Japan should in most cases apply to the
regular M.C.P Program and should specify the
regional policy sub-specialization.

Possibilities for specialization under the
M.C.P/DA option include: Regional and Urban
Economic Theory; Housing and Human Settle-
ment Policies; Infrastructure and Transportation;
and Income Distribution, Employment, and
Poverty Alleviation. It is also possible to con-
struct specializations in environmental design or
environmental policy and planning. For the
regional economic specialization under the
M.C.P/DA option, additional economics and
quantitative methods subjects may be required
after review of the student's prior coursework
and diagnostic test results.

As an alternative to the core subject, 11.200,
students in the M.C.P/DA Program take 11.205,
which stresses the role of institutions in shaping
planning processes in third world countries.
Students may test out of the other two required
core subjects, 11.210 and 11.220, as described
earlier.

Simultaneous Master's Degrees in City
Planning and Architecture

Students who have been admitted to either the
Department of Urban Studies and Planning or
the Department of Architecture may propose
programs for joint work in the two fields leading
to degrees in both fields. Degree combinations
may be M.C.P/M.Arch. or M.C .P/S.M.Arch.S.
Program proposals must be made prior to the
student's final academic year in the first degree
program and are considered during the spring
admissions process. Students are expected to
meet the requirements of both degrees, but
may submit a joint thesis.

Double degree programs may include an
innovative combination of work in any of the
fields of specialization of the two departments.
They may represent preparation for professional
roles that bridge the two fields, or the definition
of new roles that are needed but not yet de-
fined. Students pursuing dual degrees work
with advisors in both departments.

Simultaneous Master's Degrees in City
Planning and Transportation

Students who have been admitted to study for
the Master of City Planning or the Master of
Science in Transportation may propose pro-
grams for joint work leading to master's degrees
in both fields. The details of this program are
described in Chapter VI under the Center for
Transportation Studies.

Simultaneous Master's Degrees In City
Planning and Real Estate Development

Students who have been admitted to the Master
of City Planning Program may propose pro-
grams that also include all of the required
subjects for the Master of Science in Real Estate
Development. Information on this program is
given under the School of Architecture and
Planning at the beginning of this chapter. Stu-
dents may submit a joint thesis.

Doctor of Philosophy

The Ph.D. is geared to serve as the advanced
degree in planning or urban studies. Admission
requirements are substantially the same as for
the master's degree, while more emphasis is
placed on academic preparation in the student's
proposed area of specialization. The M.C.P or
equivalent is not required for admission for
Ph.D. studies.

The doctoral program emphasizes the develop-
ment of fundamental research competence and
flexibility in the exploration of questions that no
single academic discipline can address. Stu-
dents work under the mentorship of a faculty
advisor. They may center their activities on any
subfield in which the Department of Urban
Studies and Planning has faculty expertise.
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After successful completion of a required first-
year doctoral paper and general examinations,
each Ph.D. candidate must write a doctoral
dissertation which gives evidence of the capac-
ity to do independent research. To be eligible
for financial aid, students in the Ph.D. program
must be registered for at least 30 credit units
each term.

Students must take oral and written general
examinations in two fields: a broad intellectual
discipline (environmental design, urban and
regional economics, development economics,
public policy and politics, information systems,
urban history) and an area to which this is
applied (environmental planning and natural
resource policy, neighborhood and community
development, housing and real estate develop-
ment, labor and employment policy, negotiation
and dispute resolution, planning in developing
countries, public finance, regional development,
transportation and city planning, computer-
based models of urban development).

For some fields of specialization, students
prepare for general examinations by completing
a curriculum established by the department's
Ph.D. Committee. For fields without established
curricula, students prepare a definition of the
field, a bibliography, and a proposed curriculum
for approval by the Ph.D. Committee.

Recent establishment of the Center for Real
Estate at MIT opens new opportunities for
doctoral students to do advanced work in real
estate and participate in the research program
of the center, which brings together faculty and
students with active professionals in real estate
development companies. Specialized work is
available in such fields as real estate finance,
development policies, and relationships be-
tween the public and private sectors in city
development.

Doctoral candidates require two to four terms of
study in residence before taking their examina-
tions and beginning their dissertations, although
the process may require up to six terms, de-
pending on prior preparation. A minimum of
120 units, plus 30 units for the dissertation (a
minimum of 150 units) is required for the Ph.D.
degree. However, students who have not com-
pleted a master's degree in a related field prior
to admission to the Ph.D. program are expected
to complete a minimum of 180 units, plus 30
units for the thesis (a minimum of 210 units).
Previous work at MIT or elsewhere may count
toward the degree. The general requirements
for the Ph.D. are specified in Chapter IV.

Interested and qualified students can undertake
joint doctoral programs with the Department of
Political Science or the Department of
Economics.

Master of Science In Urban Studies and
Planning

The majority of graduate students in the depart-
ment are either Master of City Planning students
or doctoral candidates. Under special circum-
stances, however, admission may be granted to
candidates seeking the Master of Science
degree. The general requirements for the S.M.
are given in Chapter IV. Completed applications
are due April 1. For further information concern-
ing the S.M. option, contact Graduate Admis-
sions, Room 7-338, (617) 253-1907.

Nondegree Programs

A limited number of nondegree students are
admitted to the department each term. This
special student status is especially designed
for professionals interested in developing spe-
cialized skills, but is also available to others.

Every year 10 to 12 women and men from
various parts of the United States are selected to
participate in the Community Fellows Program,
a 9-month nondegree program that seeks to
expose the Fellows to a range of political and
ideological positions bearing on the existence of
people of color in America and the development
of their communities. The program promotes
the belief that people of color in America cannot
achieve maximal economic and political devel-
opment without sharing and pooling their tal-
ents, skills, and resources. Youth development,
health, and training are the areas of concen-
trated study.

The Special Program for Urban and Regional
Studies of Developing Areas (SPURS) pro-
vides an opportunity for a small number of
mid-career professionals to spend a year at MIT
studying the problems of urban and regional
change within a broad context of national devel-
opment. The majority of students are from
developing countries, and SPURS offers partici-
pants the opportunity to work with people
interested in similar problems.

Further information on these nondegree
programs is available from the department.
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Program in Media Arts
and Sciences
(MAS)

Faculty and Staff Overview

Stephen Anthony Benton, Ph.D.
Allen Professor of Media Arts and Sciences
Program Head

Professors

Muriel Ruth Cooper, B.F.A.
Professor of Interactive Media Design

Marvin Lee Minsky, Ph.D.
Professor of Electrical Engineering and
Computer Science
Toshiba Professor of Media Arts and Sciences

Nicholas Peter Negroponte, M.Arch.
Wiesner Professor of Media Technology
Director, Media Laboratory

Seymour Aubrey Papert, Ph.D.
Professor of Education and Media Technology
LEGO Professor of Learning Research

Barry Lloyd Vercoe, D.M.A.
Professor of Media Arts and Sciences
Music Section, Department of Humanities

Associate Professors

Edith Karin Elsbeth Ackermann, Psych.D.
Associate Professor of Media Technology
Fukutake Career Development Professor of
Research in Education

Edward Howard Adelson, Ph.D.
Associate Professor of Vision Science

Victor Michael Bove, Jr., Ph.D.
Associate Professor of Media Technology
Sony Corporation Career Development
Professor of Media Arts and Sciences

Glorianna Davenport, M.A.
Associate Professor of Media Technology
ABC Career Development Professor of Media
Technology

Tod Machover, M.M,
Associate Professor of Music and Media

Alex Paul Pentland, Ph.D.
Associate Professor of Computers,
Communication and Design Technology

Assistant Professors

Aaron Bobick, Ph.D.
Assistant Professor of Computational Vision

Neil A. Gershenfeld
Assistant Professor of Media Arts and Sciences

Kenneth William Haase, Jr., Ph.D.
Assistant Professor of Media Arts and Sciences

Patricia Emilia Maes, Ph.D.
Assistant Professor of Media Technology

Rosalind Wright Picard, ScD.
Assistant Professor of Media Technology

Mitchel Resnick, Ph.D.
Assistant Professor of Media Arts and Sciences

Lecturer

Andrew Benjamin Lippman, S.M.
Associate Director, Media Laboratory

Technical Instructor

Thomas J. Briggs

Administrative Assistant

Linda Haviland Conte

Administrative Staff

H. Lauren Gallant
Linda G. Peterson

Senior Research Scientist

Richard Adrian Bolt, Ph.D.

Principal Research Associates/Scientists

Walter R. Bender, M.S.V.S.
Ronald L. MacNeil, M.FA.
Christopher M. Schmandt, M.S.V.S.

Research Associates/Scientists

Joe Cook, Jr.
Henry A. Lieberman, Ph.D.

Professor Emeritus

Jerome Bert Wiesner, Ph.D.
Institute Professor, Emeritus
President, Emeritus

inquiries

Additional information about the Program in
Media Arts and Sciences, graduate admissions,
research programs, and research assistantships
may be obtained from Ms. Linda Peterson,
Degree Programs Coordinator, MIT, 20 Ames
Street, Room E15-226, Cambridge, MA
02139-4307; telephone (617) 253-5114, fax
(617) 258-6264, e-mail linda@media.mit.edu.

At MIT, the term Media Arts and Sciences signi-
fies the study, invention, and creative use of
new information technologies in the service of
human expression and communication. The
field, which is rooted in communication, com-
puter, and human sciences, addresses the
quality of the information environment. The
program offers undergraduate and graduate
subjects (listed under MAS in Chapter VIII) and
graduate study leading to the master's and
doctoral degrees. Its academic programs are
intimately linked with the research programs of
the Media Laboratory, which are broadly orga-
nized into three sections: Information and
Entertainment, Perceptual Computing, and
Learning and Common Sense.

Undergraduate Study
The program's undergraduate curriculum will
evolve over the coming few years. This year an
introductory subject (MAS 001) is offered for the
first time, directed at freshmen and sopho-
mores. Following this introduction, students can
select subjects built around the three research
sections of the Media Laboratory, in addition to
an atelier-based research experience. Several
advanced undergraduate subjects are also
offered this year.

Graduate Study
The Program in Media Arts and Sciences offers
graduate studies leading to the Master of

cience in Media Arts and Sciences, and the
Doctor of Philosophy in the field of Media Arts
and Sciences. Students from a wide variety of
backgrounds, including electrical engineering,
computer science, cognitive science, and
learning sciences are encouraged to apply.

Students in the master's program are expected
to have advanced placement or an MIT
experience with computer programming. Four
semesters of residence are required, of which
one may be a summer semester. The degree is
awarded upon completion of a satisfactory
research thesis.

Progress towards the Ph.D. degree follows a
program of advanced study, including a
proseminar, that is intended as preparation for a
general examination in a major field and two
supporting fields, and a program of faculty-
supervised research that students begin in their
first year. These lead, in turn, to the develop-
ment of a program of original and significant
research within one of the Media Laboratory's
research groups, and the completion and oral
defense of a dissertation on that research.

Research Assistantships
The Program in Media Arts and Sciences offers
financial assistance to all successful graduate
applicants in the form of research assistant-
ships, which are themselves an important part of
the educational program. Assistantships require
participation in research programs within the
Media Laboratory. Research assistants normally
register for two subjects per semester and
receive academic credit for part of their re-
search activities.
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School of Engineering

Aeronautics and Astronautics Materials Science and Engineering (Course 3)
(Course 16) Mechanical Engineering (Course 2)

Chemical Engineering (Course 10) Nuclear Engineering (Course 22)
Civil and Environmental Engineering Ocean Engineering (Course 13)

(Course 1)
Electrical Engineering and Computer

Science (Course 6)

Engineering is a creative profession concerned
with developing and applying scientific
knowledge and technology to meet societal
needs within physical, economic, human,
political, legal, and cultural constraints.

The growing influence of technology on all the
functions of society such as energy and natural
resource production, manufacturing and
materials processing, health care and human
rehabilitation, information, education, defense,
construction, and transportation have created a
large demand for engineering graduates, not
only to enter the professional practice of engi-
neering, but to bring the strengths of an engi-
neering education to related fields such as law,
medicine, management, and government.
Never have the challenges and opportunities for
careers in engineering been more exciting or
more promising than they are today.

The primary objectives of the School of Engi-
neering at MIT are to educate and prepare men
and women for leadership in industry, govern-
ment, and educational institutions; to advance
the knowledge base of the engineering profes-
sions; and to influence the future directions of
engineering education and practice.

The educational programs in the School em-
phasize the understanding of fundamental
principles; facility with experimental, computa-
tional, and analytical methods; development of
skill in the creative processes of engineering
such as design; and the development of a
self-confidence and versatility of mind that
prepare the individual for a lifetime of learning
and professional growth.

The academic departments in the School pro-
vide the primary homes for faculty, students,
and degree programs, and provide continuity
and stability for the basic engineering disci-
plines. However, the departments increasingly
share common interests in the broad areas of
application to which their individual disciplines
and technologies apply. Among the major
applications of concern in most of the engineer-
ing departments are energy supply, conversion,
and conservation; transportation (air and space,
ocean, urban, rail, and automotive); communi-
cation and information processing (including
computer design and utilization); manufacturing
and processing; construction; materials and the
extraction and processing of natural resources;
environmental issues; and biomedical engineer-
ing and biotechnology. The approximately 35
interdepartmental centers, laboratories, and
programs in which the School is involved pro-
vide the mechanisms and facilities for faculty
and students to undertake collaborative re-
search and engage in educational programs
dealing with these and other interdisciplinary
applications of importance to society. Many of
these are described in Chapter VI.
Through its departments and various interde-
partmental groups, the School of Engineering
offers a wide variety of educational programs.
Large numbers of undergraduate students
enroll in some graduate subjects, and all stu-
dents are strongly encouraged to participate in
a variety of research, engineering applications,
and public service projects. Together, these

NMI%



School of Engineering 133

activities and interactions provide a rich educa-
tional experience.
The School of Engineering offers formal gradu-
ate degree programs in both the departmental
areas and a number of interdepartmental areas
including Biomedical Engineering, Environmen-
tal Studies, Instrumentation, Operations
Research, Materials, Mineral Resources Engi-
neering and Management, Technology and
Policy, and Management of Technology. In
addition, numerous other interdepartmental
opportunities exist at both undergraduate and
graduate levels. With the faculty and resources
of all the departments available, a student is
able to develop a program that satisfies his or
her own intellectual and professional objectives.
A student interested in an interdepartmental
program will find it helpful to study the depart-
mental descriptions as well as to read the
specific sections in Chapter VI describing
interdepartmental opportunities that combine
disciplines from MIT's four other Schools with
those of the School of Engineering.

Undergraduate degrees are awarded by the
departments of the School but can embrace
several interdepartmental fields as well. Several
departments also offer undesignated degrees,
which lead to the Bachelor of Science without
departmental designation. The curricula for
these programs offer students opportunities to
pursue programs of studies that are broader
than can be accommodated within a normal
four-year departmental program.

Most undergraduate departmental degree
programs in the School are accredited by the
Accreditation Board for Engineering and Tech-
nology. However, given their more general
nature, accreditation has not been sought for
undesignated degree programs. Holders of an
accredited-program degree can generally take
examinations for professional registration with
fewer years of experience than holders of
unaccredited or non-engineering program
degrees. Also, an accredited degree may be
required for certain jobs. As the situation varies
markedly from field to field, students should
discuss the question of accreditation with their
faculty advisors when considering undesignated
degree programs.
For undergraduates, the first-year curriculum
encompasses study of physics, chemistry,
mathematics, biology, and humanities/arts/so-
cial sciences, while still offering students many
opportunities to make contact with engineering
through undergraduate seminars, research
opportunities, and elective subjects. In the
second year, students typically continue these
studies with subjects leading toward the fulfil-
lment of the Restricted Electives in Science and
Technology (REST) Requirement; Laboratory
Requirement: and Humanities, Arts, and Social
Sciences Requirement. An undergraduate
student normally becomes affiliated with a
particular department at the beginning of the
sophomore year, and works closely with an
advisor from that department or program.
Alternatively, a student may elect to delay this
choice until the start of the junior year without
necessarily delaying graduation beyond four
years.

However, a student with an interest in engineer-
ing is encouraged to become involved with one
of the engineering departments even during the
freshman year, for example, through the Under-
graduate Research Opportunities Program or
the Undergraduate Seminar Program.
The Schools of Engineering and Humanities
and Social Science cosponsor the Integrated
Studies Program (ISP), a freshman program
characterized by its emphasis on hands-on
learning. In special humanities subjects stu-
dents examine a variety of technologies from a
cultural and historical perspective and then
practice each of the technologies in weekly
workshops. Engineering thought and practice is
introduced in seminars offered each fall and
spring. ISP students may meet their General
Institute Requirements in calculus, physics,
chemistry, biology, and two of the HASS-Distri-
bution requirement subjects within the program.
ISP is described in greater detail in Chapter 111.

The Concourse Program originated in the
School of Engineering 20 years ago, dedicated
to a completely unified, rigorous coverage of all
the first year General Institute Requirements:
calculus (18.01-18.03), chemistry, physics,
biology, and HASS-D humanities (two terms). It
has provided a strong preparation for majors in
all the Schools at MIT and the extensive person-
al attention possible in such a setting has prov-
en to be beneficial to students and faculty alike.
Concourse is unique among the first year
programs in that all of the classes, lectures,
recitations, and tutorials are taught internally by
Concourse faculty and staff in the Concourse
classroom and lounge. (For example, it is prob-
ably the only program which features regular
breakfasts in the lounge with the lecturers in
physics and chemistry!) Concourse students
connect well with the mainstream via the Advi-
sor Seminar Program, which is strongly encour-
aged. For a more detailed description, see
Chapter Ill.

Many opportunities exist for individual initiatives.
For example, a significant number of students
combine their primary undergraduate degrees
with a second undergraduate degree in another
area, such as management, political science,
economics, one of the sciences, or another area
of engineering. Others organize their programs
so as to receive undergraduate and graduate
degrees simultaneously. A series of Minor
Programs from across the Institute are also
available. Completion of the undergraduate
degree requirements in less than four years is
also possible in some cases.

The School also offers an extensive program in
continuing education through the Center for
Advanced Engineering Study. Its goal is to
improve the capabilities and effectiveness of
practicing engineers. Priority is given to ad-
vancing the arts and sciences of applications,
rather than remedial instruction, in both techni-
cal and managerial-technical areas. Further
details on this interdepartmental program may
be found in Chapter VI.

Office of the Dean

Joel Moses
D.C. Jackson Professor of Computer Science
and Engineering
Dean

John B. Vander Sande
Cecil and Ida Green Distinguished Professor
Associate Dean

Donna R. Savicki, B.S., M.S.
Assistant Dean for Administration

Alfred R. Doig, Jr., A.B., M.S., M.S.
Assistant Dean for Development

William H. Ramsey, S.B.
Director, Engineering Special Programs

Sheila M. Kanode
Administrative Officer

School Professors Without Departmental
Affiliation

Judah Leon Schwartz, Ph.D.
Professor of Engineering Science and
Education

Nicholas A. Ashford, Ph.D.
Professor of Technology and Policy

Lawrence L. Bucciarelli, Ph.D.
Associate Professor of Engineering and
Technology Studies

James M. Utterback, Ph.D.
Associate Professor of Engineering

Professors Emeriti

Alfred Adolf Heinrich Keil,
Dr.Rer.Nat.
Professor of Ocean Engineering, Emeritus
Ford Professor of Engineering, Emeritus
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Engineering Internship
Program

School-Wide Electives

The Engineering Internship Program is national-
ly recognized for its excellence. It combines
traditional on campus academic programs with
off campus work experience in industry and
government. Such experience can be an impor-
tant aspect of a sound engineering education
and can also help students make more in-
formed choices among the on campus educa-
tional offerings, as well as obtain a better under-
standing of career opportunities available to
them after graduation.

The Engineering Internship Program is similar to
the VI-A Internship Program in the Department
of Electrical Engineering and Computer
Science.

Emphasis is placed on ensuring that students in
the program are placed in rewarding real-world
company assignments that extend the learning
experience into areas that are not available at
MIT There is extensive faculty participation and
advising in both the on and off campus compo-
nents of the program.

The Engineering Internship Program is de-
signed principally as a joint undergraduate and
graduate program that leads to the simulta-
neous award of the S.B. and S.M. degrees in an
engineering department upon successful com-
pletion of all degree requirements.

Programs have been established in the Depart-
ments of Aeronautics and Astronautics (XVI-C),
Civil and Environmental Engineering (1), Materi-
als Science and Engineering (Ill-B), Mechanical
Engineering (Il-B), Nuclear Engineering (XXII-A),
and Ocean Engineering (XIII-C).

Students who are accepted to the graduate
program often do a combined S.B.-S.M. thesis
on a topic related to their work assignments.
Usually, for such a thesis, the effort is performed
primarily in-plant during the final work assign-
ment, under the combined supervision of
company staff and an MIT faculty member.

Students are paid during their periods of resi-
dence at the participating companies and
should receive a travel allowance. There are no
obligations on either side regarding further
employment.

Further information on the program may be
obtained from the department in which the
student is registered or from William H. Ramsey,
Director, Engineering Internship Program, MIT
Room 1-211, Cambridge, MA 02139-4307,
(617) 253-8051.

Program Description

The following general description is typical of
most participating departments. Please see the
listing in the appropriate department for unique
features of each program.

Students normally enter the program in the
summer after their sophomore year at MIT
Sophomores in good standing in the School of
Engineering are eligible to apply for the pro-
gram and must be selected by a participating
company during the on campus interview
process.

The program consists of three work assign-
ments at the same industrial firm or government
agency. Three-month work assignments occur
after the student's second year at MIT and again
after the third year. During the first term of the
fourth year, a student applies to the department
for admission into the graduate program. For
those students who are accepted to the gradu-
ate program, there is one additional seven-
month work assignment after the fourth year.
Additional or substitute work assignments are
possible.

For those students who are not admitted to the
departmental graduate program or do not con-
tinue on to graduate school for other reasons,
the Internship Program terminates at the end of
the spring term of the fourth year at the S.B.
level.

The School of Engineering offers a set of
School-Wide Elective (SWE) subjects, each of
which is of interest to students from a number
of departments in the School. A School-Wide
Elective subject may integrate knowledge from
several disciplines and illustrate the commonal-
ity of the intellectual underpinnings of the de-
partments in the School of Engineering. An
SWE subject may be the interface between the
academic program of the School of Engineering
and programs of other Schools at MIT; be a
service subject to engineering students and
other students; and be germane to many engi-
neering students without being central to any
one departmental program. Please note that
registration for these subjects takes place
through one of the departmental numbers. For
complete subject descriptions and a list of the
departmental numbers for each SWE subject,
refer to the SWE subject listings at the end of
Chapter VIII.

Undergraduate SWE subjects include the
following:

Computer Models of Physical and Engineering
Systems

Inventions and Patents

Management in Engineering

The Nuclear Age (HASS-D)

Probabilistic Models in Engineering

Graduate SWE subjects include:

Application of Technology

Engineering Risk-Benefit Analysis
(H-Level graduate credit)
Engineering Systems Analysis
(H-Level graduate credit)
Entrepreneurship
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Department of Aeronautics
and Astronautics
(Course 16)

Faculty and Staff

Earil Morton Murman, Ph.D.
Professor of Aeronautics and Astronautics
Head of the Department

Daniel Edgar Hastings, Ph.D.
Professor of Aeronautics and Astronautics
Associate Department Head for Research

Professors

Eugene Edzards Covert, Sc.D.
T. Wilson Professor of Aeronautics and
Astronautics
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The mission of the Department of Aeronautics
and Astronautics is to prepare men and women,
through education and research, in the ap-
proaches, disciplines, and technologies critical
to aerospace vehicles and the aerospace sys-
tems of which they are an integral part. Gradu-
ates with an aerospace engineering degree will
find career opportunities in commercial and
military aircraft and spacecraft engineering,
space exploration, airlines and the air transpor-
tation industry, teaching, research, military
service, and in many related technology inten-
sive fields such as transportation, information,
and the environment. In addition, the demand-
ing technical education with a strong emphasis
on understanding complex systems is an excel-
lent preparation for careers in business, law,
medicine, and public service.
Aerospace engineering centers on the design of
extremely sophisticated machines, ranging from
vertical take-off aircraft and jet transports, to
rockets and spacecraft. These vehicles must
operate in worldwide information and navigation
systems. Critical disciplines and technologies
which the aerospace engineer deals with in-
clude: mechanics and physics of fluids; struc-
tures and materials; propulsion and energy
conversion; instrumentation, control, and esti-
mation; humans and automation; and avionics.
Central objectives of the educational program
are to teach students how to learn, how to use
basic principles to solve engineering problems,
and how to foresee the consequences of their
solutions and designs. A single faculty of ap-
proximately 35 people teach and interact with
students at all degree levels. The department
believes that a strong research program is
essential to a challenging and relevant educa-
tional environment.

The department has undertaken a comprehen-
sive review of its degree programs in light of the
rapid worldwide changes taking place. The end
of the Cold War, the growing global economic
community, and concern for the environment
have introduced new priorities for future aero-
space products. Aerospace engineering has
traditionally been performance-driven, to con-
tinually fly "higher, faster, and farther." This goal
is now in balance with being economically
competitive and environmentally acceptable. In
addition, new technologies, especially informa-
tion and materials, afford new opportunities for
aerospace products. These requirements have
led the department to offer degrees with the
objectives stated in the following paragraphs,
with more detail given in the subsequent sec-
tions.

The Bachelor of Science (S.B.) degree is a
four-year accredited program designed to
prepare the graduate for an entry level position
in the aerospace field and for further education
at the master's level. The degree program is a
significant revision from earlier years (see the
section on Undergraduate Study) and is first
being offered to the class of 1996. It retains
many of the features of the past, but includes a
stronger emphasis on fundamentals (math and
physics), a greater variety of professional area
subjects, and a greater depth in one profession-
al area. The program may also include an
optional junior year abroad.
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Undergraduate Study

The department intends to introduce a new
Master of Engineering (M.Eng.) degree starting
in the fall of 1995. The M.Eng. degree, normally
to be completed in one academic year, would
focus on broadening the student's exposure to
the disciplines critical to aerospace, deepening
understanding of modern technology, and
exposing the student to the project design
synthesis process. This degree will give a
multidisciplinary career preparation appropriate
to project engineering.

The Master of Science (S.M.) degree is a one-
to two-year program of graduate study in a
focused discipline or technology with a begin-
ning research experience represented by the
S.M. thesis. The degree is unchanged from
previous years and highly regarded by many
students and employers interested in research
or disciplinary focused positions.

The department offers the Engineer in Aeronau-
tics and Astronautics (E.A.A.) degree for stu-
dents who are interested in further study be-
yond the master's level but without the intense
research experience of the doctoral degree.
The degree emphasizes breadth in aerospace
disciplines and an engineering thesis.

Finally, the department offers the traditional
doctoral degree emphasizing in-depth study
with a significant research project in a focused
area. Students are admitted to the doctoral
program upon passing the qualifying examina-
tion. The doctoral degree is awarded after
completion of an individual course of study,
passing the general examinations, and submis-
sion and defense of a thesis embodying an
original research contribution.

The faculty and students are en aged in
approximately 200 research projects organized
into 10 departmental laboratories including the
Aeronautical Systems Laboratory; Computation-
al Aerospace Sciences Laboratory; Flight
Transportation Laboratory: Gas Turbine
Laboratory; Man Vehicle Laboratory; Space
Engineering Research Center; Space Power
and Propulsion Laboratory; Technology
Laborator for Advanced Composites; Wright
Brothers Facility; and Fluid Dynamics Laborato-
ry. Further description of research topics is
given in the section on Graduate Studies. Many
of these research projects are open to
undergraduates through the Undergraduate
Research Opportunities Program. In addition,
research in other MIT laboratories and centers is
available to students registered in Aeronautics
and Astronautics.

Facilities other than the above laboratories are
also available to students in the department.
These include the undergraduate projects
laboratory with a machine shop, bench spacewind tunnels, data acquisition and testing equip-
ment; Athena workstations for computing; the
student lounge; and the Aero-Astro branch of
the MIT library.

Bachelor of Science In Aeronautics
and Astronautics
Course XVI

Undergraduate study in the department leads to
the Bachelor of Science in Aeronautics and
Astronautics at the end of four years. The curric-
ulum provides flexibility to meet the needs of
professionals in aerospace activities ranging
from fundamental research to responsible
engineering direction of large enterprises.

The required undergraduate curriculum
provides a core around which the student can
build -either to become a practicing engineer
upon receipt of the S.B. or to continue on to
graduate studies in any of the specialties. The
curriculum includes the General Institute
Requirements described in Chapter Il1, the
departmental program, and the implicit
curriculum. The departmental program includes
a fall-spring-fall sequence of subjects called
Unified Engineering, Thermal Energy, and
Principles of Automatic Control; professional
area subjects; an Experimental Projects
Laboratory; and a vehicle design subject.

The implicit curriculum includes skills an
engineering student is expected to acquire that
are not explicitly stated in the description of
degree programs. Broadly, these include
technical skills such as modelling and design,
the ability to educate oneself, and the ability to
use computers; management and communica-
tion skills necessary to work effectively with
people; and the citizenship skills needed to
understand the context in which engineering
designs take place, ethical norms within that
context, and the personal responsibilities of the
professional engineer. The topics of the implicit
curriculum are integrated into all departmental
subjects through examples set by the faculty,
subject content, and home problems and
quizzes.

Unified Engineering is offered in sets of two
12-unit subjects in two successive semesters.
These subjects are taught cooperatively by a
number of faculty members. Their purpose is to
introduce new students to the disciplines and
methodologies of aerospace engineering at a
basic level, with a balanced exposure to analy-
sis, empirical methods, and design. The areas
covered include statics and solid mechanics;
dynamics; introduction to thermodynamics and
propulsion; fluid mechanics; and signals, sys-
tems, and circuits. Several laboratory experi-
ments are performed and a number of systems
problems tying the disciplines together are
included.

Unified Engineering is usually taken in the
sophomore year and Thermal Energy and
Principles of Automatic Control in the first
semester of the junior year. Together with the
advanced physics and math requirements, they
fulfill the prerequisites for the professional area
subjects which deal more intensively with topics
in the six main areas of aeronautics and astro-
nautics described in the introduction to the
department.

The professional area subjects treat more
completely and in greater depth the material to
which the student is introduced in Unified
Engineering, Thermal Energy, and Principles of
Automatic Control. To ensure adequate breadth
and depth of preparation, each student is
required to take one second-level and three
first-level subjects from the following disci-
plines: mechanics and physics of fluids; struc-
tures and materials; propulsion and energy
conversion; instrumentation, control and estima-
tion; humans and automation; and avionics.

Each student has the opportunity in the Under-
graduate Projects Laboratory (16.621, 16.622) to
conceive, organize, and execute an individual
experimental project under the supervision of a
faculty member. A proposal is prepared; oral
and written reporting of the results are required.
The written project reports are critically reviewed
for writing style and exposition by faculty from
the School of Humanities and Social Science
and serve as one option for satisfying Phase 11
of the Writing Requirement (see Chapter Il for
details).

The vehicle design subject requires students as
a team to apply their undergraduate knowledge
to the design of an aircraft or spacecraft. Stu-
dents may choose to take one of two subjects
offered in the senior year.

To take full advantage of the General Institute
Requirements and required electives in
Aeronautics and Astronautics, the department
recommends the following: 3.091 for the
chemistry requirement; the ecology option of
the biology requirement; subjects in economics
(14.01 and 16.70J/14.25J) and writing
(21W 780) as part of the HASS Requirement;
and elective subjects in Introduction to
Aerospace Engineering (16.00), computation
(1.00 or 10.001 or 6.001), mathematics (for
example, 18.06, 18.075, or 18.085), and a fourth
first-level professional area subject in the
department. In addition, the department offers a
short course during the Independent Activities
Period on Athena applications software.

The degree of Bachelor of Science in Aeronau-
tics and Astronautics is accredited by the Ac-
creditation Board for Engineering and Technolo-
gy. If desired, the student may request an
unspecified degree, Bachelor of Science, which
is not so accredited.



138 School of Engineering

Bachelor of Science In Aeronautics and
Astronautics
Course XVI
(ABET accredited)
CLASS OF 1997 or later: See Notes on Course XVI below

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement

Restricted Electives In Science and Technology (REST)
Requirement** (two subjects can be satisfied from among
6.041, 8 03, 18.03 or 18.034, and 16.010 In the Departmental
Program]

Laboratory Requirement [can be satisfied by 16.622 in the
Department Program)

8

3

1

Total GIR Subjects Required for SB. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Departmental Core

16 010 Unified Engineering 1, 12, REST 8.02, 18.03*

16.020 Unified Engineering 11, 12: 8.02, 18.03*

16.030 Unified Engineering ii. 12: 16.010, 16.020

16040 Unified Engineering IV 12: 16 010, 16.020

16050 Thermal Energy, 12: 16 030-16 040

16.060 Principles of Automatic Control. 12:
16 030-16 040

6.041 Probabilistic Systems Analysis, 12. REST. 18.02

803 Physics ii. 12. REST 8.02*. 18.02

1803 Differential Equations, 12. REST 18.02*

or
18 034 Differential Equations, 12. REST. 18 02*

Professional Area Subjects
One subject from the following three first-level subjects:

16.100 Fluid Mechanics In Aerospace Applications,
12, 16,030-16.040*

1620 Structural Mechanics I, 12: 16.030-16.040'

1650 Introduction to Propulsion Systems, 12: 16,050

Plus one subject from the following three first-level subjects:

16.300 Measurement. Estimation, and Navigation,
12. 16 060, 6 041

16 400 Human Factors Engineering. 12: 16 060*

6.111 introductory Digital Systems Lab. 12: 16.040*

Plus one additional subject from the above six,

Plus one of the following second-level subjects:

16.110 Flight Vehicle Aerodynamics, 12 16 100

16,210 Structural Mechanics 11, 12: 16,20

16 31, Feedback Control Systems. 12: 16.060

16.4101 Optimization and Decision Analysis. 12: 16.060.
6041

16.5112 Aircraft Engines and Gas Turbines. 12:16.50

108

16.5122 Rocket Propulsion, 12: 16.50

6.450 Communication Systems, 12: 16040*, 6.041'

Capstone Subjects 30

16.621 Experimental Projects 1, 6: 6.041, 16.050, 16.060

16.622 Experimental Projects 11. 12. LAB: 16.621*

One of the following two subjects:

16.82 Aeronautical Vehicle Design. 12

16.83 Space Vehicle Design. 12

Departmental Program unIts that also satisfy the GIRs (36)

Unrestricted Electives 48

Total Units Beyond the GIRs Required for S.B. Degree 198

No subject can be counted both as part of the 17-subject GIRs
and as part of the 198 units required beyond the GIRs. Every
subject in the student's Departmental Program will count
toward one or the other, but not both.

Notes on Course XVI

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'Students must also take 16.300 or 16 400 in order to satisfy
departmental requirements
2
Commencing academic year 1994-95. 16.511 and 16.512 will

be revised to graduate G-level subjects.

*Alternate prerequisites are listed in the subject description.

"The REST Requirement was formerly called the Science
Distribution Requlrement See Chapter III for further details on
thls and other institute requirements.

Cooperative Program Course XVI-B

The cooperative program in aeronautics and
astronautics provides undergraduates the
opportunity to participate in professional activi-
ties in an aerospace organization for about

48 seven months before the final semester of their,
senior year. The program permits completion of
requirements for the Bachelor of Science de-
gree in four years. While working in the compa-
ny, students in this program are regular em-
ployees and are paid at prevailing rates.

Interested students should contact the professor
in charge for details and an interview; also,
students should arrange a schedule with their
faculty advisor that permits an absence from
MIT during either the spring term of the third
year or fall term of their fourth year. One sum-
mer at MIT is usually necessary.

The curriculum requirements for this degree in
Course XVI-B are the same as for Course XVI
with the addition of required registration for
16.66 Industrial Practice during the plant work
period, in place of eight units of elective.

Engineering internship Program
Course XVI-C

The Department of Aeronautics and Astronau-
tics participates in the Engineering Internship
Program (EIP) administered by the School of
Engineering. It is intended as a five-year joint
S.B.-S.M. program that features periods of work
at a participating company, alternating with
periods of study at MIT See additional detailed
discussion of this program in the introduction to
the School of Engineering.

Interested students apply for participation in EIP
during the spring term of their sophomore year.
Once a selection is made and accepted, both
the student and the company agree to continue
that association until completion of the program.

The student earns six units of credit for each of
the two undergraduate work periods by register-
ing for 16.67. The student also earns 12 units of
graduate (G-level) credit through registration for
16.97 during the work period as a graduate
student. The following spring and summer
terms, he or she is usually required to be at MIT
to complete the subject requirements and the
thesis report. The Bachelor of Science and
Master of Science degrees are then awarded
simultaneously.

The subject requirements for Course XVI-C are
the same as for Course XVI with 16.67 (taken
twice) used as 12 units of elective. For further
information, please see the Department EIP
Coordinator.

Double Degree Program

Students may pursue two S.B. degrees under
the Double Degree Program outlined in Chapter
l1l. In particular, some students may wish to
combine a professional education in aeronautics
and astronautics with a liberal education that
links the development and practice of science
and engineering to their social, economic,
historical, and cultural contexts. For them, the
Department of Aeronautics and Astronautics
and the Department of Humanities (in coopera-
tion with the Program in Science, Technology,
and Society) offer a double degree program
that combines majors in Course XVI and Course
XXI. For a detailed description of that integrated
degree program, refer to the description of the
Program in Science, Technology, and Society
later in this chapter.
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Graduate Study

Undergraduate Research Opportunities
Program

To take full advantage of the unique research
environment of MIT, undergraduates are encour-
aged to become involved in the research activi-
ties of the department through the Undergradu-
ate Research Opportunities Program (UROP).
Many of the faculty actively seek undergradu-
ates to become a part of their research teams.
Specific areas of research opportunity are
outlined in the section on Graduate Study
below.

Junior Year Abroad

The Department of Aeronautics and Astronau-
tics intends to offer an optional Junior Year
Abroad program in partnership with several
other aerospace engineering schools. Students
will take part in the academic cycle of the host
institution, taking subjects in the native lan-
guage. Credit will be prearranged for corre-
sponding MIT subjects, so that graduation is not
delayed. For additional information, contact
Professor Manuel Martinez-Sanchez, Room
37-401, (617) 253-5613.

Space Grant Program

MIT leads the NASA-supported Massachusetts
Space Grant Program, collaborating with Har-
vard University, Wellesley College, Tufts Univer-
sity, the Charles Stark Draper Laboratory, and
many aerospace companies and laboratories
throughout the US. The program has the princi-
ple objective of stimulating and supporting
student interest, especially that of women and
underrepresented minorities, in space engineer-
ing and science at all educational levels, primary
through graduate. It embraces a number of
activities to this end including sponsorship of
undergraduate research projects, a spring
undergraduate seminar on Modern Space
Science and Engineering, an annual public
lecture by a distinguished member of the aero-
space community, summer workshops for
precollege teachers, and fellowships for first-
year graduate study at MIT An important func-
tion of the program is coordinating placement of
students in summer positions in industry. For
more information, contact the Director, Space
Grant Program, Room 33-411, Cambridge, MA
02139-4307, (617) 258-5546.

Inquiries

For additional information concerning academic
and research programs in the department,
admissions, suggested four-year undergraduate
programs, interdisciplinary programs, and
financial aid, please write to the Department of
Aeronautics and Astronautics Undergraduate
Office, Professor Winston R. Markey, Room
33-208, MIT, Cambridge, MA 02139-4307,
(617) 253-2279.

Graduate study in the Department of Aeronau-
tics and Astronautics includes research work
culminating in a thesis and study of graduate-
level subjects in the department and other
departments and Schools at MIT. Degrees are
awarded at the master's, engineer's, and
doctoral levels. The range of subject matter
available is best conveyed by brief descriptions
of the activities of the departmental divisions of
instruction and the departmental laboratories.
More detailed information may be obtained from
the Graduate Office or from individual faculty
members.

Divisions of Instruction and Research
Laboratories

The graduate subject offerings of the depart-
ment are organized into six divisions: Mechanics
and Physics of Fluids; Structures and Materials;
Instrumentation, Control, and Estimation: Hu-
mans and Automation: Propulsion and Energy
Conversion; and Aeronautical and Astronautical
Systems. Research is conducted in a number of
research laboratories. A faculty member is
typically involved in teaching graduate and
undergraduate subjects in one or more of the
divisions, and in conducting research in one or
more of the departmental laboratories or at the
Charles Stark Draper Laboratory.

Mechanics and Physics of Fluids. Fluid me-
chanics is an essential discipline for diverse
fields of engineering that are concerned with
material, energy, and information transfer and
their consequences. The principles of fluid
mechanics are essential for an understanding of
all flight regimes covering a wide range of
speeds, altitudes, and fluid properties, from
those associated with low speed flight transpor-
tation to high speed near-space operations, and
space travel.

Research in fluid mechanics is carried on in
several departmental laboratories. The focus of
the Computational Aerospace Sciences Labora-
tory is on the development of improved algo-
rithms and their application to external and inter-
nal flow fields for all speed and altitude ranges
from low-altitude flight to spaceflight. Emphasis
in the Fluid Dynamics Laboratory is on turbu-
lence structure and flow stability and control.
The Center for Aerodynamic Studies is con-
cerned with the complex viscous flow about
complete flight vehicles. Several laboratories
operate wind tunnels. The Wright Brothers Facil-
ity is used for airfoil and nacelle research, rotor
wing dynamics, aircraft development, and the
simulation of wind loads on ground structures.
A low turbulence tunnel provides test channels
particularly suited for transition and turbulence
investigations as well as airfoil study. In addition,
several small open circuits are available for fluid
mechanics research and configuration tests. All
laboratories have access to several interactive
computation systems and to experimental
equipment.

Structures and Materials. The importance of
minimizing the structural weight fractions of
aircraft and spacecraft has motivated the aero-
space engineer to create new structural forms;
to develop and exploit new materials such as
engineered, active, and filamentary composite
materials; to investigate the active control of
structures; to invent new analytical and numeri-
cal techniques for structural analysis; and to
pursue aggressively a better understanding of
catastrophic failure and longevity. The teaching
and research of the division centers on these
themes. Research in Structures and Materials is
carried on in the Technology Laboratory for
Advanced Composites (TELAC), the Space
Engineering Research Center (SERC), and the
Gas Turbine Laboratory.

In TELAC, research is conducted on the struc-
tural technology for high performance aircraft,
commercial transport, general aviation aircraft,
and spacecraft. Research facilities include
computer-controlled universal testing ma-
chines, an autoclave for the fabrication of fila-
mentary composite structural components, a
blast chamber that can contain catastrophic
failures, and wind tunnels.

The objective of SERC is to develop and dis-
seminate a unified technology of actively con-
trolled structures. Projects include the develop-
ment of precision structures for space-based
interferometer with the ability to control optical
path length to nanometer precision, flexible
articulating robotics, and attitude and pointing
control of flexible multibody spacecraft. Re-
search activities include the development of
active materials and intelligent structures, and
the formulation of new control and identification
schemes.
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Instrumentation, Control, and Estimation.
Faculty members in this division teach and
perform theoretical and experimental research
in control and its applications, navigation sys-
tems, instrumentation, estimation, lasers, digital
systems, and other related topics.

One focus for the activities of the Instrumenta-
tion, Control, and Estimation Division is the
Draper Laboratory, which offers opportunities for
participation to students of US citizenship. Many
departmental faculty and students conduct
research in this laboratory on guidance systems
and components for all types of flight vehicles,
and use the advanced facilities for research on
all phases of control and guidance. In the past
this work has resulted in the development of
many flight vehicle systems, including the
Apollo spacecraft navigation and guidance
systems. Further information on the Draper
Laboratory is given in Chapter VI.

The Laser Systems Laboratory pioneers the
development and application of laser
technology. Specific activities include optical
gyroscopes, optical frequency standards,
ultra-hi9 h-resolution spectroscopy, and
interaction of intense radiation with atoms and
molecules.

Other control-related research projects are
carried out in the Space Engineering Research
Center (SERC). The objective of SERC is to
develop and disseminate a unified technology
of controlled structures. Projects include the
development of a 3.5 meter tetrahedronal truss
model of a space-based interferometer with the
ability to control optical path length to nanome-
ter precision, flexible articulating robotic and
space structures, and preparation for two shuttle
experiments.

Humans and Automation. This division is
interested in issues related to how humans
interact with aerospace vehicles including
information related and life support aspects.
Automation includes the processing of
information, decision making, the human as an
element of an automated system, and the
interaction between humans and automatic
control systems.

In the Aeronautical Systems Laboratory, infor-
mation management activities include studies of
the dissemination of hazardous weather alerts
and ATC clearance amendments using digital
datalinks and evaluation of information require-
ments for advanced electronic instrument
approach charts. Research is also underway for
hazardous wind shear, heavy rain, and icing
conditions for aircraft.

The Man-Vehicle Laboratory applies control and
instrumentation disciplines to biological and
psychological problems at the man-machine
interface. It has been selected to perform
manned space experiments on several Space-
labs to investigate balance, adaptation to zero-g,
and space motion sickness. In addition, it
conducts flight simulator studies on man-in-
the-loop, vehicle display and control, and
expert systems research. The laboratory also

works on bioinstrumentation, physiological
control systems, and clinical applications of the
aerospace sciences. Activities include modeling
of the human visual and vestibular system, flight
simulation, cognitive learning, and work on
diagnostic instrumentation for diseases of the
eye and ear.

Propulsion and Energy Conversion. In teach-
ing and research, this division addresses the
disciplines and technologies of special impor-
tance to aerospace propulsion and energy
conversion, including design, system integra-
tion, and environmental impact. Emphasis is
placed on the interdisciplinary approach neces-
sary to successfully engineer advanced energy
conversion and propulsive systems.

The Gas Turbine Laboratory applies a wide
range of analytical, numerical, and experimental
techniques to problems in aeropropulsion, gas
turbine engines, and turbomachinery. The
laboratory provides unique experimental facili-
ties for research on fluid mechanics, heat trans-
fer, and control of these devices, including
transonic blowdown compressor and blowdown
turbine: single stage and multistage low speed
axial compressors; a facility for investigating
diffusers for centrifugal compressors at realistic
Mach numbers; a large scale centrifugal pump
loop which is transparent for flow visualization;
several small scale centrifugal compressor
facilities; water and wind tunnels for flow mixing
investigations, a facility for examination of tur-
bine internal heat transfer processes; and an
engine test stand for (helicopter) gas turbine
engines. A major research thrust is the multidis-
ciplinary topic of "smart engines" in which
active control is used to enhance the dynamic
performance of propulsion system components.
This work capitalizes on the synergism that
results from close linkages between research in
fluid mechanics, control, and structural dynam-
ics. Research is supported by government
agencies and laboratories as well as a number
of industrial sponsors, and there are strong links
between work in the laboratory and real-world
problems of advanced propulsion devices.

The Space Power and Propulsion Laboratory is
concerned with fundamental research in the
engineering and science of spacecraft power
and propulsion system. Research is underway
on space plasma interactions with spacecraft,
fundamentals of electric propulsion using mag-
netoplasmadynamic thrusters, and nuclear
propulsion. Activities include work on space
plasma interactions with high voltage solar
arrays, active control of particulates around
spacecraft, contamination from plasma plumes,
modeling of arcjects, magnetoplasmadynamic
thrusters, stationary plasma thrusters and ion
engines, and stability analyses of nuclear
rockets.

Aeronautical and Astronautical Systems. This
division is responsible for instruction and re-
search in systems engineering, a methodology
for engineering the very complex and demand-
ing systems which characterize the field of
aeronautics and astronautics. Several faculty
whose research specialities fall in the area of
systems engineering work with a broader group
of affiliates who represent the full disciplinary
strength of the department.

The systems approach to engineering includes
all factors important to the performance, eco-
nomic viability and acceptability of the system.
Thus, the systems engineer takes into consider-
ation the social, environmental, economic, and
safety aspects of the system, as well as its
synthesis, design, and construction, whether its
purpose is the transport of civil aircraft passen-
gers, orbital communications, or the exploration
of Mars.

Research in many aspects of air transportation
systems is conducted in the Flight Transporta-
tion Laboratory. The research includes airline
operations, air traffic control operations, aircraft
navigation and guidance, airport planning, and
the application of advanced operations research
techniques to transportation systems. Aircraft
p ropulsion systems are studied in the Gas
Turbine Laboratory, space propulsion systems

in the Space Propulsion and Power Laboratory,
and space structural systems in the Space
Engineering Research Center.

Students interested in systems engineering are
advised to develop a strong disciplinary base by
including in their course of study subjects from
each of the disciplines that support systems
analysis, such as probability and statistics,
operations research and economics, and devel-
oping an awareness of other disciplines that
shape society, such as law and the social
sciences.
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Entrance Requirements for Graduate Study

In addition to the general requirements for
admission to the Graduate School, applicants
must have a strong undergraduate background
in some of the fundamentals of aerospace
engineering and mathematics as described in
the section Undergraduate Study. Two terms of
graduate-level subjects in mathematics are
required as part of all graduate programs. This
requirement may be fulfilled either prior to or as
part of a student's graduate program. In some
cases, other unfulfilled entrance requirements
may also be satisfied during the first year of
admission to the graduate program.

New graduate students are normally admitted as
candidates for the degree of Master of Science,
or beginning in the fall of 1995, the Master of
Engineering. Since requirements for candidates
for the Engineer in Aeronautics and Astronautics
are more rigorous, admission is ordinarily
considered only after the candidate has spent
some time in residence at MIT.

Admission to the doctoral program is offered to
students who have been accepted for graduate
study and have passed the Doctoral Qualifying
Examination. The qualifying examination seeks
to measure the candidate's aptitude for engi-
neering research and understanding of the
fundamental principles underlying aerospace
engineering. This examination is offered once
each year, usually during the January Indepen-
dent Activities Period. Students who wish to be
considered for the doctoral program must pass
the qualifying examination before the fourth
semester following initial registration in the
graduate program. A prospective candidate
may take this examination only once.

The Department of Aeronautics and Astronau-
tics requires that all entering graduate students
demonstrate satisfactory English writing ability
by taking the Writing Diagnostic Examination
offered by the Writing Program of the MIT
Humanities Department. The examination is
usually administered during the week after the
initial date of registration in graduate school,
and all entering candidates must take the exami-
nation at that time. Students with deficient skills
must complete remedial training specifically
designed to fulfill their individual needs.

Master of Engineering in Aeronautics and
Astronautics

The department intends to introduce the Master
of Engineering Degree (M.Eng.) in the fall of
1995. The M.Eng. degree is designed to pre-
pare students for a career in aerospace project
engineering, and will normally be completed in
a single academic year. The requirements
include graduate-level subjects in three of six
separate disciplinary pillars (Mechanics and
Physics of Fluids, Structures and Materials,
Propulsion and Energy Conversion, Instrumen-
tation, Control and Estimation, Humans and
Automation, and Avionics), graduate-level
mathematics subjects, a system design subject
and a closely related 12-unit project or design
thesis. Students in the MIT Engineering Intern-
ship Program who elect this master's degree
will receive credit for the design subject and
thesis based on the research project undertak-
en at their company. Other means of satisfying
the thesis requirement or selection of a pillar of
study outside of the department may be possi-
ble by petition.

Admission requirements for the Master of Engi-
neering program and the Master of Science
program are substantially the same. Applicants
for the M.Eng. degree must complete an ac-
credited undergraduate aerospace engineering
degree program, plus one additional graduate-
level math or aerospace engineering subject in
order to complete the degree in one academic
year. Graduates of this program are eligible to
apply for the doctoral program, although prepa-
ration for the doctoral program is not the prima-
ry intent of the Master of Engineering Program.

Because of the nature of this program, financial
support from MIT in the form of departmental
fellowships, research assistantships, teaching
fellowships or assistantships, Draper Laboratory
Fellowships and AFRAP Fellowships are not
normally available to M.Eng. candidates. Out-
side financial aid acquired by the student in the
form of company sponsorship or NSF, DOD or
other fellowships is, of course, applicable.

Master of Science in Aeronautics and
Astronautics

The S.M. degree is intended for students inter-
ested in research who prefer a deeper, but more
narrowly focused, study of a disciplinary area
than that afforded by the M.Eng. program.
Applicants who intend to go on to doctoral
study would normally select the Master of
Science program. Many students in this degree
program receive financial support from MIT in
the form of fellowships, research assistantships
and teaching fellowships or assistantships. This
program can be completed in one calendar
year by a well-prepared, self-supported stu-
dent. Students with graduate assistantships
normally require up to two years.
The general requirements for the Master of
Science degree are cited in Chapter IV The
specific departmental requirements include an

acceptable thesis and at least 66 subject units,
typically in graduate subjects relevant to the
candidate's area of technical interest. Of the 66
units, 42 units must be in H-level (formerly
A-level) subjects, of which at least 21 units must
be in departmental subjects. To be credited
toward the degree, subjects that are not H-level
must carry a grade of B or better. Full-time
students normally must be in residence one full
academic year. Special students admitted to the
S.M. program in this department must enroll in
and satisfactorily complete at least two graduate
H-level subjects while in residence (i.e., after
being admitted as a degree candidate) regard-
less of the number of subjects which have been
completed before admission to the program.
Students holding research assistantships re-
quire a longer period of residence.

The department requires two terms of
graduate-level subjects in mathematics as part
of all graduate programs. Most programs in-
clude either 18.075 or 18.085 or their equiva-
lents, although alternatives to these may be
approved. The departmental subject 16.90 may
be used to satisfy one of these requirements.
This requirement may be fulfilled either prior to
or as a part of the master's program. The choice
of mathematics subjects in the area of major
interest and the thesis topics are arranged
individually by each student in consultation with
a faculty advisor. The program of study must
have prior approval of the department graduate
committee.

Master of Science in Technology and Policy

Students interested in applying their aeronauti-
cal engineering background to problems of
policy and socioeconomic assessment of
technology may apply for the interdepartmental
Master of Science Program in Technology and
Policy. This program combines subjects in
advanced technology with subjects in econom-
ics, systems analysis, political science, and law
and engages the student in significant project
work integrating technology and policy. General
requirements and application procedures are
described in Chapter VI.

Master of Science in the Management of
Technology

Individuals who wish to apply their background
in aeronautics and astronautics engineering
with at least five years of technical work experi-
ence to issues in technical management may
explore the Program in the Management of
Technology. Jointly developed and offered by
MIT's School of Engineering and the Sloan
School of Management, this program entails a
rigorous 12-month curriculum, focusing on
management principles for technical people in a
technical environment. The program is de-
signed for scientists and engineers on a career
path requiring increasing managerial responsibi-
lities for technical activities. Details of the pro-
gram and application procedures are described
in Chapter VI.
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Engineer in Aeronautics and Astronautics

The program leading to the degree of Engineer
in Aeronautics and Astronautics is offered for
students interested in a greater breadth of
graduate subjects than is normally associated
with a master's or doctoral program, and less
emphasis on research than required of doctoral
candidates. The minimum study program of 162
subject units must include graduate subjects
from each of the divisions of instruction, and the
thesis work must have a strong engineering, as
distinct from a scientific, orientation. Two years
beyond the Bachelor of Science degree normal-
ly are required for completion of this degree by
a full-time student.

Doctor of Philosophy and Doctor of Science

The general requirements for this degree are
given in Chapter IV. To be considered for the
doctoral program, a candidate must pass the
Doctoral Qualifying Examination. Other require-
ments for admission to the program and for the
program itself are outlined in a booklet entitled
The Doctoral Program. Briefly, after selecting an
area for study and research, the candidate in
consultation with the thesis supervisor forms a
doctoral thesis committee, which assists in the
formulation of the individual's research and
study programs and monitors the student's
progress. The subjects selected to fulfill the
major and minor program requirements must
be approved by the committee. Mastery of the
major area is tested by a written and an oral
General Examination administered by the doc-
toral thesis committee after completion of the
major area subjects.

Demonstrated competence for original research
at the forefront of aerospace engineering is the
final and major criterion for granting the doctoral
degree. The candidate's thesis serves in part to
demonstrate such competence, and on com-
pletion is defended orally in a presentation to
the faculty of the department, which may then
recommend the award of the degree.

Interdisciplinary Programs

The graduate division of the department
participates in several interdisciplinary fields,
which are of special importance for aeronautics
and astronautics in both research and the
curriculum.

Biomedical Engineering. This program is
available to students interested in biomedical
instrumentation and physiological control sys-
tems where the disciplines involved in aeronau-
tics and astronautics are applied to biology and
medicine. Graduate study based on this pro-
gram may be pursued within the departmental
program, the MIT Division of Health Sciences
and Technology S.M.-Ph.D. Program in Medical
Engineering and Medical Physics, or the Inter-
departmental Ph.D. program in Biomedical
Engineering. At the master's degree level,
students in the department may specialize in
biomedical engineering, emphasizing quantita-

tive physiology, instrumentation and control,
and biostatistics, or in man-machine systems
and engineering psychology and in instrumen-
tation and statistics. For a further description of
these programs, please see Biomedical Engi-
neering in Chapter VI. Most biomedical engi-
neering research in the Department of Aeronau-
tics and Astronautics is conducted in the
Man-Vehicle Laboratory.

Flight Transportation. For students interested in
a career in flight transportation, a program is
available that incorporates a broader graduate
education in disciplines such as economics,
management, law, and operations research than
is normally pursued by candidates for degrees
in engineering. Graduate research emphasizes
one of the five areas of flight transportation:
Flight Vehicle Design and Control; Airport
Planning and Design; Air Traffic Control; Air
Transportation Systems Analysis; and Airline
Economics and Management, with subjects
selected appropriately from those available in
the Departments of Aeronautics and Astronau-
tics, Civil and Environmental Engineering,
Economics, and the Center for Transportation
Studies. A special interdepartmental program
may be established for the doctoral student (or
participation in the Operations Research Center
Program may be considered -see Chapter VI).

Fellowships, Research and Teaching
Assistantships

Financial assistance for graduate study may be
in the form of fellowships or research or teach-
ing assistantships. There are several endowed
and departmental fellowships that are granted to
students of exceptional promise. The depart-
ment attempts to place a student in a laboratory
in which the research activity is closely related
to the student's interests. Both the fellowship
student and the research assistant work with a
faculty supervisor on a specific research assign-
ment of interest, which generally leads to a
thesis.

Inquiries

For additional information concerning academic
and research programs in the department,
admissions, interdisciplinary programs, financial
aid and assistantships, please contact the
Department of Aeronautics and Astronautics
Graduate Office, Professor H. Y Wachman,
Room 33-208, MIT, Cambridge, MA
02139-4307, (617) 253-2260.
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Kun-Ho Lie, Ph.D.
Isabelle Lisiecki, Ph.D.
David James Mooney, Ph.D.
Anthony Muscat, Ph.D.
Thierry Nivaggioli, Ph.D.
Alparslan Oztekin, Ph.D.
Vered Rosenberger, Ph.D.
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Professor of Chemical Engineering, Emeritus
Senior Lecturer

Robert Clark Reid, Sc.D.
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Chemical engineering is a broadly based
discipline having a deep involvement with
chemistry along with the applications of physics
and mathematics, which are common to all
engineering disciplines. In its broadest sense,
chemical engineering is the creative application
of chemistry to the solution of significant
problems. Chemical engineering is making
substantial contributions to the development of
clean energy sources, provision of adequate
food supplies, recreation of proper ecological
balances, advancement of medical and
engineering science, and to the economic
production of material goods.

The Department of Chemical Engineering at MIT
offers two undergraduate programs. One is
Course X, leading to the Bachelor of Science in
Chemical Engineering. This program is accred-
ited by the Accreditation Board for Engineering
and Technology and the American Institute of
Chemical Engineers. The other program is
Course X-C, reading to the Bachelor of Science
without specification, which is not accredited
and requires less study in formal chemical
engineering subjects.

The department offers a wide selection of
graduate subjects and research leading to
advanced degrees in chemical engineering.
Important subject areas include fuels and
energy, polymer chemistry, surface and colloid
chemistry, biomedical engineering, biochemical
engineering, chemical process development,
transport processes, and environmental engi-
neering. Many of our current undergraduates
take a variety of these graduate-level subjects
in the upperclass years. This exposure is invalu-
able in identifying potential independent re-
search interests for the student. Other students
find these subjects fruitful as terminal technical
subjects and take them prior to moving on to
work in engineering, government, or manage-
ment. Students interested in the various areas of
graduate study in chemical engineering should
consult the section Graduate Study below.

The School of Chemical Engineering Practice,
also described below, involves one term of work
under the direction of an Institute staff resident
at the practice school sites. There each student
has a unique opportunity to develop the ability
to apply basic professional principles to the
solution of practical problems in industry.
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Undergraduate Study

The undergraduate curriculum in chemical
engineering provides basic studies in physics
and mathematics, a major concentration in
chemistry, and a strong core of chemical engi-
neering. The four-year undergraduate pro-
grams, designed to develop judgment, initiative,
and responsibility, give students considerable
latitude in arranging a selection of subjects that
best fits their needs. Those who expect to go on
to graduate school may elect subjects that
strengthen their preparation for advanced work.

In addition to work in science and engineering,
students take an integrated sequence of sub-
jects in the humanities and social sciences. The
chemical engineer's progress and accomplish-
ments are not determined solely by technologi-
cal competence; just as important are a breadth
of outlook and an understanding of society. The
curriculum provides a sound preparation for
jobs in industry or government, and for gradu-
ate work.

Chemical engineering also provides an ideal
preparation for careers in medicine and related
fields of health science and technology. The
department's strong emphasis on chemistry
provides excellent training toward medical
school. A suitable program of study may be
arranged within the regular curricula of Course
X or X-C. Interested students should consult
their faculty advisor.

A departmental brochure gives typical four-year
programs and provides advice in choosing
electives in chemistry and chemical engineer-
ing. Undergraduates are encouraged to take
part in the research activities of the department.

Bachelor of Science in Chemical Engineering
Course X

The student who decides early to major in
chemical engineering is encouraged to begin
taking professional subjects. For example, 5.11
Principles of Chemical Science, 5.12 Organic
Chemistry 1, and 10.001 Introduction to Com-
puter Methods may be taken in the freshman
year. If the subjects 5.13, 5.60, 10.213, 18.03,
and 10.301 are taken in the sophomore year,
the student is in an excellent position for profes-
sional work in some depth in the third and
fourth years.

Some students may wish to defer choice of a
major field or exercise maximum freedom
during the first two years. If the Restricted
Electives in Science and Technology (REST)
Requirement subjects chosen in the second
year include 18.03 and two are in the field of
fluid mechanics, thermodynamics, chemistry,
biology, or chemical engineering, students can
generally complete the requirements for a
degree in chemical engineering in two more
years. Students are advised to discuss their
proposed program with a Course X faculty
advisor as soon as they become interested in a
degree in chemical engineering.

Bachelor of Science in Chemical Engineering
Course X

CLASS OF 1997 or later See Notes on Course X below

General institute Requirements (GIRs) Subjects

Science Requirement'

Humanities, Arts, and Social Sciences Requirement

Restricted Electives In Science and Technology (REST)
Requirement** (two subjects can be satisfied from among
5.12, 5.60, 10.301, and 18 03 or 18.034 in the Departmental
Program]

Laboratory Requirement [can be satisfied by 5.310]

3

1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects 171

5.11 Principles of Chemical Science'. 12

5.12 Organic Chemistry 1, 12. REST 5.11

5.13 Organic Chemistry 1i, 12, 5.11, 5.12

5.310 Laboratory Chemistry, 12, LAB: 5.12

5.60 Thermodynamics and Kinetics, 12. REST: 18.02,
5.11

10.001 Introduction to Computer Methods
2
, 6

10.213 Chemical Engineering Thermodynamics, 12, 5.60,
10.001

plus

One of the following two subjects:

10.26 Chemical Engineering Projects Laboratory, 12
10 302

10.27 Chemical Engineering Processes
Laboratory, 12: 10.32, 10.37

Plus

10.301 Fluid Mechanics. 12, REST 18.03. 10,001

10.302 Transport Processes. 12: 5.60, 10.301

10.32 Separation Processes, 12: 10.213, 10.302

10.37 Chemical Kinetlcs and Reactor Design. 9: 5.60,
10.301

10.490 Integrated Chemical Engineering 1. 12: 10.32,
10.37

10.491 Integrated Chemical Engineering 11, 12 10.490

18.03 Differential Equations, 12, REST: 18.02*

or

18.034 Differential Equations. 12, REST 18.02*

Restricted Electives 21-27

One subject in Chemical Engineering, except 10 UR, 10 URG,
10 ThU. 10.11, 10.02J, 10.801-10.816 and 10.90-10.999, plus
one laboratory subject from the following list:

3.081 Materials Laboratory. 12. LAB

5.32 Intermediate Chemical Experimentation. 15,
5.310*, 5.13, 5.60

7.02 Introduction to Experimental Biology, 15, LAB:
7.012.* 7.03, 7.05

10.61 1J Microelectronics Processing Technology. 12:
6 071*

10.467 Polymer Science Laboratory. 12. LAB: 5 12*

10.263 Chemical Engineering Projects Laboratory, 12:
10 302

10.273 Chemical Engineering Processes
Laboratory. 12 10.32, 10.37

1OThU Undergraduate Thesis. 12

Departmental Program units that also satisfy the GIR (48)

Unrestricted Electives 45-51

Total Units Beyond the GIRs Required for S.B. Degree 195

No subject can be counted both as part of the 17-subject GIRs
and as part of the 195 units required beyond the GIRs Every
subject in the student's departmental program will count toward
one or the other, but not both

Notes on Course X
CLASS OF 1997 or later The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17

'Students must use 5.11 to fulfill the General institute Require-
ment in Chemistry.

2Requlrement can also be satisfied In the following ways
successful completion of IAP offering in Course 10 1.00 or
passing a proficiency examination offered by the department

3
Ether 10.26 or 10.27 must be taken as a Departmental

Requirement and cannot also be used to satisfy this Restricted
Laboratory Requirement.

*Alternate prerequisites are listed in the subject description

**The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter iII for further details on
this and other institute requirements
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Bachelor of Science Course X-C

Students in Course X-C are permitted to plan
programs involving basic subjects in chemistry
and chemical engineering, but instead of con-
tinuing in depth in these areas they can add
breadth in other fields, such as other engineer-
ing disciplines, biology, biomedical engineering.
economics, or management. Course X-C is
especially attractive to students who wish to
specialize in chemistry, physics, biology, patent
law, or management while simultaneously
gaining a broad exposure to the engineering
approach to solving problems.

Students planning to follow this curriculum
should discuss their interests with a faculty
member in the department. At the time they
decide to enter the Course X-C program, prefer-
ably by the fall term of their senior year, they
should submit to the department a statement of
goals and a program of subjects which achieves
their objectives. Students are assigned a mem-
ber of the department faculty as an advisor.

Departmental requirements for Course X-C are
5.11, 5.60, 10.213, and 10.301, plus a coherent
program of subjects including at least 30 units
in chemical engineering. Students must also
complete 180 units beyond the GIRs. Further
details may be obtained from the department.

Five-Year Programs and Joint Programs

In addition to offering separate programs lead-
ing to the Bachelor of Science and Master of
Science in Chemical Engineering, the depart-
ment offers a program leading to the simulta-
neous award of both degrees at the end of five
years. A detailed description of this program is
available from the Graduate Registration Officer.
Students in the five-year program normally
enroll in the School of Chemical Engineering
Practice.

For chemical engineering students interested in
nuclear applications, the Department of Chemi-
cal Engineering and the Department of Nuclear
Engineering offer a five-year program leading to
the joint Bachelor of Science in Chemical Engi-
neering and Master of Science in Nuclear
En 9 ineering. Such programs are approved on
an individual basis between the registration
officers of the two departments.

Inquiries

Additional information concerning undergradu-
ate academic and research programs, admis-
sions, and financial aid may be obtained by
writing to Dr. C. M. Mohr, Undergraduate Officer,
Department of Chemical Engineering, Room
66-305, MIT, Cambridge, MA 02139-4307, (617)
253-2015.

The technology of chemical engineering in the
process industries falls loosely into two catego-
ries: physical and chemical. While both types
are encountered in many industrial problems,
graduate subjects of instruction and research
are logically grouped in the corresponding
fields of engineering operations and applied
chemistry. Most graduate students take some
work in each field, and in the School of Chemi-
cal Engineering Practice, the problem assign-
ments involve fundamentals in both areas.
Specific subjects in each of the following fields
of applied chemistry and engineering opera-
tions are described in Chapter Vill.

Biotechnology and Bioengineering. The
results from molecular biology and genetics
must be translated by chemical engineers in
order to achieve industrial reality. A Biotechnolo-
gy Process Engineering Center supported by
the National Science Foundation has been
established to fulfill these goals. Ten chemical
engineering faculty members participate in the
research programs in this center. Research
collaborations with the Biology Department in
the School of Science are part of the center's
goal for fostering cross-disciplinary interactions.
One of the research areas addresses bioreactor
design and operation for prokaryotic and euka-
ryotic organisms. A second major effort focuses
on downstream processing: product isolation
and purification. Some examples of the new
concepts and principles in this area include
reversed micelles for protein purification, dy-
namic chromatography, continuous affinity
recycle extraction, membrane processes, and
immunoadsorption chromatography. The last
area of research addresses monitoring, control,
synthesis, and optimization of biochemical
processes.

The department also has a major program in
biomedical engineering. A number of faculty are
conducting research in such areas as drug
delivery systems, tissue engineering (to create
new organs such as livers), immobilized
enzyme therapies, and mass transport in the
body. These efforts often integrate polymer
chemistry, materials science, mass transfer, and
other disciplines. In many cases, research is
conducted in collaboration with the Harvard
Medical School.

Chemical Engineering Systems and Process
Control. In an era of structural changes in the
chemical and biochemical industries, the com-
puter-aided engineer is challenging convention-
al modes throughout the whole spectrum of
activities such as product design, process
conception and design, process engineering,
control and operations, safety, and environmen-
tal protection. Extensive research efforts are
currently under way in all of the above areas,
supported by state-of-the-art computer facili-
ties and software utilities. Methodologies from
artificial intelligence technologies are being
combined vigorously with various computer-
aided engineering activities, leading to new
prototypes for industrial analysis and design.
Characteristic examples of current research
projects which shape new prototypes for pro-
cess systems engineering include: process
simulation; design of batch processes: design

of molecules with desired properties; process
synthesis; operability, control, and safety: devel-
opment of biotechnological processes; intelli-
gent databases and graphic interfaces; synthe-
sis of control systems; and intelligent
controllers.

Catalysis and Reaction Engineering. Catalysis
is by far the most important process in the
manufacturing of chemicals and in the refining
of fuels for transportation and power. Catalysis is
also the main process in reducing impurities in
fuels, and thus solving environmental problems
from combustion products. Recent advances in
new catalytic materials are opening the doors to
better technologies. Modern spectroscopic and
computational techniques are providing power-
ful probes into the nature of catalytic action.

The heart of most chemical processes is the
chemical reactor, which determines the overall
process success. The overall performance is
determined by the interactions of fluid mechan-
ics, mixing, and transport phenomena with
chemical kinetics. Rational design and operation
of both catalysts and reactors are the objectives
of this research area.

Energy and Environment. Energy and
environmental problems provide increasing
opportunities for contributions by chemical
engineers. This area is a long-standing major
activity in the department. Research to reduce
adverse effects on the environment is being
conducted in several areas. The first area is
concerned with the physical and chemical
processes occurring in the environment. The
second area focuses on the development of
process design and operating procedures that
can incorporate multiple objectives, including
economic considerations, environmental
performance, safety, control, and product
quality. The third area explores methods for
developing chemistries and molecular systems
that preclude environmental problems. Since
energy utilization is at the heart of every
environmental issue, extensive programs are
underway in experimental and theoretical
studies of fuel conversion processes such as
Fischer-Tropsch syntheses; pyrolysis of coal,
bio-mass, and oil shale: and hydrogenation,
liquefaction, high-temperature gasification, and
combustion of coal and alternative fuels. Studies
of soot and polycyclic aromatic formation,
nitrogen oxide formation, oxidation of hazardous
chemicals in supercritical water, and control of
sulfur emissions are also an important part of
the program, as are new studies in geothermal
reservoir engineering and in situ methods of
recovery of materials from underground
systems.

Transport Processes and Thermodynamics.
Research in transport processes and thermody-
namics provides the foundation for many new
and evolving technologies in areas ranging from
biochemical production to microelectronics.
Fundamental studies underway are at the
forefront of scientific disciplines such as
thermodynamics, continuum and statistical
mechanics, chemical physics, heat and mass
transfer, interfacial transport, fluid mechanics,
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and applied mathematics. Many departmental
faculty have research interests which fall into
these areas, and their projects offer stimulating
fundamental studies motivated by application.
Present emphasis is on analysis of transport in
heterogeneous systems (e.g., suspensions,
emulsions, porous media), on studies of the
structure of fluid/fluid and melt/solid interfaces,
and on research in Newtonian and non-Newto-
nian fluid mechanics. Theory and experiments
are combined to provide a complete under-
standing of a research problem. The experimen-
tal work uses the latest, state-of-the-art
equipment; theoretical approaches involve both
analytical and numerical methods. Much
research specializes in the development of new
numerical methods for large-scale physiochem-
ical hydrodynamics.

Polymers. Polymers comprise a large fraction of
the total production of the chemical industry.
Their unique macromolecular structure adds
complexity and richness to the study and
understanding of relationships between their
molecular architecture and physical properties.
As polymers continue to replace existing
materials in certain applications and to open up
interesting new areas of technology, greater
understanding is required at various levels,
ranging from the molecular to the continuum.
Chemical engineers contribute to the polymer
field in numerous areas of activity such as
polymer processing, polymer rheology,
structure-property relationships, polymer
synthesis and characterization, and interactions
among these different areas. In addition to a
program of graduate study in polymers within
the department, opportunities exist to participate
directly and indirectly in the activities of the
interdepartmental Program in Polymer Science
and Technology.

Surface Science and Microelectronics. The
study of surface chemistry and surface physics
is central to the understanding of many chemi-
cal engineering processes. In the department,
both fundamental and applied research is being
conducted in many areas of gas-solid and
colloidal surface science.

The understanding of gas-solid kinetics is
crucial in the study of heterogeneous catalysis
and the fabrication of integrated circuits. Using
the new and rapidly expanding techniques of
ultra-high vacuum surface probes, MITI re-
searchers are exploring the kinetics of catalytic
processes, plasma etching of integrated circuits,
and chemical vapor deposition of thin films.
Typical techniques used include X-ray photo-
electron spectroscopy, Auger spectroscopy,
modulated beam scattering, mass spectrometry,
laser-induced fluorescence, electron microsco-
py, and BET measurements.

The surface science of colloidal and biological
systems is being studied at MIT with application
to the separation of bioproducts, enzymatic
catalysis in organic solvents, interfacial transport
phenomena, and the thermodynamics of surfac-
tant aggregation and solubilization. The follow-
ing techniques are available for use in research:
analysis by light, neutron and X-ray scattering.

interfacial tensiometry; NMR; ESR: laser-in-
duced fluorescence; and osmometry.
Surface chemistry is also applied to novel,
ultrafine materials of 1-10 nm. Such nanostruc-
tured materials have an extremely high surface-
to-volume ratio, and their surface structure is
linked to unusual, size-dependent properties
that are promising for advanced ceramic, cata-
lytic, electronic, and optical applications.

School of Chemical Engineering Practice

Since 1916, the David H. Koch School of Chem-
ical Engineering Practice has been a major
feature of the graduate education in the depart-
ment. In this unique program, students receive
intensive instruction to broaden their education
not only in the technical aspects of the profes-
sion, but also in communication skills and
human relations, which are frequently decisive
factors in the success of an engineering enter-
prise. The practice school program stresses
problem solving in an engineering internship
format, where students undertake projects at
industrial sites under the direct supervision of
resident MIT faculty. Credit is granted for partici-
pation in the practice school in lieu of preparing
a master's thesis.

The operation of the practice school is quite
similar to that of a small consulting company.
The resident staff work closely with the technical
personnel of the host companies in identifying
project assignments with significant educational
merit, and with solutions that make important
contributions to the operation of the host plants.

At the practice school, students work on three
or four different projects. Groups and desig-
nated group leaders change from one project to
another, giving every individual an opportunity
to be a group leader at least once.

Students in the practice school program are
required to demonstrate proficiency in or take
one graduate subject in each of the following
areas: thermodynamics, heat and mass transfer,
applied process chemistry, kinetics and reactor
design, and applied mathematics.

Advanced Degrees

The advanced degrees offered in chemical
engineerin are the Master of Science in
Chemical Engineering or the Master of Science
in Chemical ngineering Practice, Chemical
Engineer, and Doctor of Science or Doctor of
Philosophy. More detailed descriptions of each
of the programs can be obtained from the
Graduate Officer in the department.

Master of Science In Chemical Engineering.
Programs for the Master of Science in Chemical
Engineering usually are arranged as a continua-
tion of undergraduate professional training, but
at a greater level of depth and maturity. The
general requirements for a master's program
are given in Chapter IV To complete the require-
ments of at least 66 subject units, of which 42
units must be in H-level (formerly A-level)
subjects, together with an acceptable thesis,
generally takes four terms.

Master of Science in Chemical Engineering
Practice. The unit requirements for the Master
of Science in Chemical Engineering Practice
(Course X-A) are the same as those for the
Master of Science in Chemical Engineering,
except that 36 units of practice school experi-
ence may be accepted in lieu of the master's
thesis.

Bachelor of Science graduates of this depart-
ment can meet the requirements for the Master
of Science in Chemical Engineering Practice
(Course X-A) in two terms. Beginning in Sep-
tember following their graduation, students are
at the field stations until the end of December,
and then return to the Institute to complete the
program during the spring term. A similar
practice school field program extends from
February through the end of May.

For students who have graduated in chemical
engineering from other institutions, the usual
program of study for the Master of Science in
Chemical Engineering Practice involves two
terms at the Institute followed by the field station
work in the practice school. Graduates in chem-
istry from other institutions normally require an
additional term.

Master of Science in Technology and Policy.
Students interested in applying their chemical
engineering background to problems of policy
and socioeconomic assessment of technology
may apply for the interdepartmental Master of
Science Program in Technology and Policy. This
program combines subjects in advanced tech-
nology in the particular field of the student's
choosing with subjects in economics, systems
analysis, political science, and law. General
requirements and application procedures are
described in Chapter VI.

Chemical Engineer. The engineer's degree is
offered for those students who desire an ad-
vanced graduate education in depth but are not
interested primarily in research. The program of
study and research includes an engineer's
thesis, which is roughly the scope of a master's
thesis, and at least 168 subject units, including
an approved integrated minor consisting of at
least 24 units outside the department. A detailed
description of the Chemical Engineer's program
may be obtained from the Graduate Office.

Master of Science in the Management of
Technology

Individuals who wish to apply their chemical
engineering background and at least five years
of technical work experience to issues in
technical management may explore the
Program in the Management of Technology.
Jointly offered by MIT's School of Engineering
and the Sloan School of Management, this
program entails a rigorous 12-month curricu-
lum, focusing on management principles for
technical people in a technical environment.
The program is designed for scientists and
engineers on a career path requiring increasing
managerial responsibilities for technical
activities. Details of the program and application
procedures are described in Chapter VI.
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Doctor of Science or Doctor of Philosophy.
Admission to the doctoral program is granted
only after the candidate has passed a written
and oral general examination. Given in January
and May, the examination is usually taken at the
end of the first term in residence as a graduate
student. It is not necessary to complete a mas-
ter's program in order to obtain a doctorate.

The requirements for the doctoral degree
include a program of advanced study, a minor
program, and a thesis. The program of
advanced study and research is normally
carried out in one of the fields of chemical
engineering under the supervision of one or
more faculty members in the Department of
Chemical Engineering.

The joint program with the Woods Hole
Oceanographic Institution is intended for
students whose primary career objective is
oceanographic engineering. The program is
described in more detail under the section at
the end of this chapter on MIT's Joint Program
in Oceanography and Applied Ocean Science
and Engineering With the Woods Hole
Oceanographic Institution.

Financial Support

The department has a wide variety of financial
support options for graduate students, including
teaching and research assistantships,
fellowships, and loans. Information about
financial assistance may be obtained by writing
to the Student Office, but consideration for
awards cannot be given before admissions
decisions have been made.

Inquiries

Additional information concerning graduate
programs, admissions, financial aid, and
assistantships, may be obtained by writing to
the Student Office, Department of Chemical
Engineering, Room 66-366, MIT, Cambridge,
MA 02139-4307, (617) 253-4579.
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Department of Civil and
Environmental Engineering
(Course 1)

Faculty and Staff

Rafael Luis Bras, Sc.D.
Professor of Civil and Environmental
Engineering
William E. Leonhard Professor of Engineering
Head of the Department

Professors

Moshe Emanuel Ben-Akiva, Ph.D.
Professor of Civil and Environmental
Engineering

Oral Buyukozturk, Ph.D.
Professor of Civil and Environmental
Engineering

Sallie W. Chisholm, Ph.D.
Professor of Civil and Environmental
Engineering
Director, MIT/WHOI Joint Program in
Oceanography and Oceanographic Engineering

Jerome Joseph Connor, Jr., Sc.D.
Professor of Civil and Environmental
Engineering
(On leave, spring)

Richard Lawrence de Neufville, Ph.D.
Professor of Civil and Environmental
Engineering
Chairman, MIT Technology and Policy Program

Herbert Heinrich Einstein, Sc.D.
Professor of Civil and Environmental
Engineering

Ralph A. Gakenheimer, Ph.D.
Professor of Urban Studies and Planning and
Civil Engineering

Lynn Walter Gelhar, Ph.D.
Professor of Civil and Environmental
Engineering
(On leave)

Philip Michael T Gschwend, Ph.D.
Professor of Civil Engineering and
Environmental Engineering

Harold Field Hemond, Ph.D.
Professor of Civil and Environmental
Engineering

Eduardo Kausel, Ph.D.
Professor of Civil and Environmental
Engineering

Charles Cushing Ladd, Sc.D.
Professor of Civil and Environmental
Engineering

Steven Richard Lerman, Ph.D.
Professor of Civil and Environmental
Engineering
Class of 1922 Distinguished Professor
Director, Center for Educational Computing
Initiatives

Robert Daniel Logcher, Sc.D.
Professor of Civil and Environmental
Engineering
Co-Technical Director, Intelligent Engineering
Systems Laboratory

Ole Secher Madsen, Sc.D.
Professor of Civil and Environmental
Engineering

David Hunter Marks, Ph.D.
Professor of Civil and Environmental
Engineering
Director, Program in Environmental Engineering
Education and Research
(On leave)

Frederick Jerome McGarry, S.M.
Professor of Civil Engineering and Polymer
Engineering
Director, Summer Session

Chiang Chung Mei, Ph.D.
Professor of Civil and Environmental
Engineering

Fred Moavenzadeh, Ph.D.
Professor of Civil and Environmental
Engineering
George Macomber Professor of Construction
Management
Director, Technology and Development Program
Director, Center for Construction Research and
Education

Francois M. M. Morel, Ph.D.
Professor of Civil and Environmental
Engineering
Director, Parsons Laboratory

Amedeo Rodolfo Odoni, Ph.D.
Professor of Aeronautics and Astronautics and
Civil and Environmental Engineering

Frank Edward Perkins, Sc.D.
Professor of Civil and Environmental
Engineering
Dean of the Graduate School

Daniel Roos, Ph.D.
Professor of Civil and Environmental
Engineering
Japan Steel Industry Professor of Engineering
Director, MIT Center for Technology, Policy, and
Industrial Development

Yosef Sheffi, Ph.D.
Professor of Civil and Environmental
Engineering
Director, Center for Transportation Studies

Joseph Martin Sussman, Ph.D.
Professor of Civil and Environmental
Engineering
J.R. East Professor of Civil Engineering

William G. Thilly, Sc.D.
Professor of Applied Biology
Division of Toxicology, Whitaker College
Professor of Civil and Environmental
Engineering
Director, Center for Environmental Health
Sciences

Daniele Veneziano, Ph.D.
Professor of Civil and Environmental
Engineering

Nigel Henry Moir Wilson, Ph.D.
Professor of Civil and Environmental
Engineering

Associate Professors

Lorna Jane Gibson, Ph.D.
Associate Professor of Civil and Environmental
Engineering

Dennis B. McLaughlin, Ph.D.
Associate Professor of Civil and Environmental
Engineering

Alex Paul Pentland, Ph.D.
Associate Professor of Computer,
Communication and Design Technology

Duvvuru Sriram, Ph.D.
Associate Professor of Civil and Environmental
Engineering
Co-Technical Director, Intelligent Engineering
Systems Laboratory

Andrew J. Whittle, Ph.D.
Associate Professor of Civil and Environmental
Engineering

John Williams, Ph.D.
Associate Professor of Civil and Environmental
Engineering
Director, Intelligent Engineering Systems
Laboratory

Assistant Professors

Cynthia Barnhart, Ph.D.
Assistant Professor of Civil and Environmental
Engineering

David H. Bemstein, Ph.D.
Assistant Professor of Civil and Environmental
Engineering

Dara Entekhabi, Ph.D.
Assistant Professor of Civil and Environmental
Engineering
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Lee Richard Krumholz, Ph.D.
Esther and Harold E. Edgerton
Assistant Professor of Civil Engineering

Christopher K.Y Leung, Ph.D.
Assistant Professor of Civil and Environmental
Engineering

Heidi M. Nepf, Ph.D.
Assistant Professor of Civil and Environmental
Engineering

Thanasis C. Triantafillou, Ph.D.
Assistant Professor of Civil Engineering

Senior Lecturers

James Becker, Ph.D.
Henry G. Irwig, Ph.D.
Frederick P Salvucci, S.M.

Lecturers

Charles C. Caldart, J.D.
Thomas F Humphrey, S.M.
John B. Miller, J.D.
Albert B. Pincince, Ph.D.

Senior Administrative Officer

Trond H. Kaalstad, S.M.

Financial Administrator

Stephanie George

Assistant to Department Head for
Academic Administration and Personnel

Patricia A. Dixon

Academic Administrator

Cynthia Stewart, B.A.

Administrative Assistants

Claire Benoit
Paula Magliozzi

Technical Writer

Deborah A. Levey

Senior Research Associates

Edward Eric Adams, Ph.D.
Carl D. Martland, C.E.

Principal Research Associates

John T Germaine, Ph.D.
S. Shyam Sunder, Ph.D.

Research Associates

James A. Culbert, S.M.
Sheila L. Frankel, M.A.
Charles H. Helliwell, S.M.
Ignacio Rodriguez-Iturbe, Ph.D.

Sponsored Research Staff

John MacFarlane, S.M.

Research Staff, Administrative

Victoria Murphy, B.A.
Patricia Vargas, B.S.

Postdoctoral Associates

Ying Fan, Ph.D.
Robert Mason, Ph.D.

Research Affiliates

Uri Shamir, Ph.D.
Kenneth Strzepek, Ph.D.

Professors Emeriti

John Melvin Biggs. S.M.
Professor of Civil Engineering, Emeritus

Peter Sturges Eagleson, Sc.D.
Professor of Civil and Environmental
Engineering, Emeritus

Robert Joseph Hansen, Sc.D.
Professor of Civil Engineering, Emeritus

Donald R. F Harleman, Sc.D.
Ford Professor of Engineering, Emeritus
Senior Lecturer

Myle Joseph Holley, Jr., S.M.
Professor of Civil Engineering, Emeritus

Thomas William Lambe, Sc.D.
Edmund K. Turner Professor of Civil
Engineering, Emeritus

Robert Van Duyne Whitman, Sc.D.
Professor of Civil and Environmental
Engineering, Emeritus

John Benson Wilbur, Sc.D.
Professor of Engineering, Emeritus

Civil and environmental engineering is the
principal instrument for directing humanity's
scientific and technical knowledge to the cre-
ation of constructed facilities, which help a
society attain basic objectives such as econom-
ic development, environmental protection, and
social well-being.
The scope of civil and environmental engineer-
ing education and research activities at MIT is
broad and multifaceted. This stems directly from
a recognition of the underlying characteristics of
the projects with which the civil and environ-
mental engineer must ultimately deal. Such
projects are typically large and costly, with
potentially profound environmental, social, and
financial impacts. Their design requires the civil
and environmental engineer to deal with com-
plex technological and scientific issues as well
as difficult social and public policy questions.
Therefore, the department's programs empha-
size a broad understanding of the highest levels
of technology available, behavior of the engi-
neering facility at a systems level, and the
management, organizational, and institutional
settings within which such engineering systems
operate.
In the technology dimension, programs deal
with areas such as structural analysis and de-
sign, analytical mechanics, geotechnical engi-
neering, materials, hydrodynamics, hydrology,
and aquatic science. In the engineering systems
area, the department focuses on such topics as
economic analysis, information and computer
systems, engineering risk assessment, and
operations analysis and optimization. From the
management, organizational, and institutional
perspective, issues are addressed such as
management of very large-scale engineering
projects, government regulation, industry struc-
ture, and institutional issues in engineering
project implementation.
Civil and environmental engineering
professionals are concerned with the critical
problems of today's society. Energy needs
demand projects of extraordinary scope and
potential environmental impact, such as the
trans-Alaska pipeline, and offshore extraction
facilities. Rebuilding the decaying infrastructure
of America's highways, bridges, and urban
water systems represents a major technical and
economic challenge, as does the construction
of new infrastructures in the developing world.
The technology of underground facilities for the
safe disposal of hazardous wastes, and tunnels
for the transport of people and commodities,
requires new methodologies for analysis,
design, and risk assessment. The efficient
transport of goods and people requires
innovative systems planning and
implementation of infrastructure as well as a
basic understanding of the underlying
economic, organizational, and political factors.
The productivity of natural bodies of water
depends upon a deeper understanding of how
biological systems interact with manufactured
substances. Ensuring the availability and
effective utilization of water for human
consumption, irrigation, and power generation,
and protection of society from the potential
disaster of floods or droughts, requires careful
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lanning, design, and operation of facilities as
ell as an understanding of the demands of
ociety for this resource. Civil and
nvironmental engineers play a leadership role

n the conception, planning, realization, and
peration of facilities and systems that help
olve problems in all the above areas as well as

n others concerned with basic human and
ocietal needs.

As these applications illustrate, civil and
environmental engineering embraces a broad
scope of activities in planning, analysis, design,
construction, management, operation, and
maintenance of a variety of facility types,
activities which are brought to bear on the
solution of many kinds of complex, multidimen-
sional problems. The education of civil and
environmental engineers for future leadership
positions should provide a rigorous perspective
on the latest technology and analytic methods,
as well as on opportunities to develop the social
science and management skills required to
assess needs, evaluate social and environmen-
tal impact, and operate the engineering
enterprise. Such opportunities are assured by
the breadth of the curriculum and the encour-
agement of interaction with other departments
at MIT and neighboring universities.

Job opportunities in civil and environmental
engineering are quite varied. Positions are
available in large and small consulting organiza-
tions, in firms in a variety of industries, and in
a encies at all levels of government, both in the
U and in the international sector. Many of our
students build upon the technical, planning, and
management skills emphasized in the program
to become involved in the entrepreneurial
activity of owning and managing their own
enterprises. Further, the undergraduate pro-
grams are considered excellent entries to grad-
uate study in engineering as well as in such
fields as law and management.

The Department of Civil and Environmental
Engineering is organized into three functional
divisions: Constructed Facilities, Transporta-
tion Systems, and Water Resources and
Environmental Engineering. These divisions
represent the major professional thrusts of the
department. At the same time, many problems
within civil and environmental engineering
transcend any one of these divisions. This is
reflected in the department's educational and
research programs, including those of its Center
for Construction Research and Education,
which draw upon and integrate the techniques
and concepts of the major functional areas.
Detailed descriptions of the programs of the
divisions and the center are contained in the
following pages.

In addition, the department offers a number of
undergraduate and graduate subjects in the
following areas: Information Systems and Com-
putational Methods; Analytical Mechanics;
Environmental Engineering and Science; Engi-
neering Systems, tconomics, and Manage-
ment; Engineering Risk Assessment and Proba-
bilistic Analysis; and Institutions and Public
Policy -which are of interest to students in a
variety of fields at MIT

The Department of Civil and Environmental
Engineering offers three undergraduate curricu-
la for students seeking a strong base for careers
in civil engineering or related fields. Course I-C,
which leads to the Bachelor of Science in Civil
Engineering, is designed for students who have
educational goals that fall substantially within the
scope of civi engineering. Course I-E leads to
the Bachelor of Science in Environmental Engi-
neering Science. Course I-A leads to the Bache-
lor of Science without designation, and is de-
signed for students who have a well-defined
educational goal, which requires a specially
formulated program of study.

Each of these curricula provides sufficient
flexibility to permit students to develop their own
special interests by taking subjects in the De-
partment of Civil and Environmental Engineering
and in other departments. Undergraduates are
encouraged to participate in the research activi-
ties of the department and in many cases obtain
degree credit for such work.

Students often find advantages in planning their
programs for the third and fourth years so that
they dovetail with possible graduate study. This
is readily accomplished by those students who
embark on the departmental program in their
second year. Under certain circumstances,
students are permitted to work toward receiving
simultaneous undergraduate and graduate
degrees.

Bachelor of Science in Civil Engineering
Course I-C

The curriculum for this degree is designed to
help the student develop problem-solving and
decision-making abilities that can be brought to
bear on civil engineering problems. The 13-sub-
ject core of this curriculum introduces the stu-
dent to the issues, problems, and methods of
civil engineering. It provides a foundation in the
areas of analysis and computation, engineering
science, and systems and management sci-
ence, with an emphasis on their application to
solving desi9n problems that arise within the
scope of civil engineering. Planned electives
provide useful knowledge of some particular
area of civil engineering in depth. This program
(including the Internship Option) is accredited
by the Accreditation Board for Engineering and
Technology.

Bachelor of Science in Civil Engineering
Course I-C Internship Option

Students who wish to gain industrial experience
as part of their undergraduate and graduate
programs may do so by applying to the Course
I-C Internship Option. The Engineering Intern-
ship Program is described in detail in the
School of Engineering section of this chapter.

The Internshi Option Course requirements are
the same as or ourse I-C. In addition, provi-
sion is made for students to be employed in the
offices, plants, or construction sites of participat-
ing companies. The two undergraduate work
assignments together are considered equivalent
to a 12-unit subject and may by petition, be
used toward the planned electives requirement.

The program is designed for students who wish
to study for the combined S.B.-S.M. degree,
which requires five years for completion. If
admitted to the graduate school, such students
then complete two further work assignments,
consisting of the summer and the subsequent
fall term following the fourth year. A thesis for
the S.M. degree is ordinarily based on the
industrial experience. Twelve units of graduate
credit are awarded for these two work assign-
ments, in addition to regular thesis credit for
preparation of the S.M. thesis.

Students desiring to participate in the Internship
Option should apply early in the spring term of
their sophomore year.
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Bachelor of Science In Clvii Engineering

Bachelor of Science In Civil Engineering
Course I-C

CLASS OF 1997 or later: See Notes on Course I-C below.

General Institute Requirements (GIRs) Subjects

Science Requirement 5
Humanities, Arts, and Social Sciences Requirement [one
subject can be satisfied by 14.01 in the Departmental
Program] 8

Restricted Electives In Science and Technology (REST)
Requirement" [two subjects can be satisfied by 1.00 or
1.04. and 18.03 or 18.034 In the Departmental Program] 3

Laboratory Requirement [all or half of the requirement can
be satisfied by subjects in the Departmental Program] 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units and by
prerequisites if any (corequisites in italics)

Required Subjects 147 or 153

Analysis and Computation
1.00 introduction to Computers and Engineering

Problem Solving, 12. REST 18.01

1.03 introduction to Probability and Statistics for
Engineers. 12: 18 01. 18,02

1.12 Computer Models of Physical and Engineering
Systems, 12, 18.03*. 1.00

18.03 Differential Equations. 12. REST 18 02*

or

18.034 Differential Equations. 12. REST 18.02*

Engineering Mechanics and Materials

1.04 Solid Mechanics, 12. REST 8.02. 18.02

1.05 Fluid Mechanics. 12; 8.01, 18.03

1.59 Mechanics of Construction Materials, 9: 1 04

Engineering Analysis

1.30 Introduction to Geotechnical Engineering. 12: 1 04

1 50 Structural Engineering, 12: 1.04

Engineering Design

1 51 Design of Structures, 12: 1,50

1.52 integrated Engineering Design. 12; 1.30. 1.51
and 14.01

Engineering Economics

14 01 Principles of Microeconomics, 12 HASS

Departmental Laboratory

One of the following departmental offerings that count toward
the Institute Laboratory Requirement.

1.105J Structural Engineering Laboratory, 6: LAB

1.53 Constructed Facilities Project Laboratory 12, LAB
1.59

Planned Electives 27 to 36

A selection of three subjects that form a meaningful minor to the
departmental program, meet a stated educational objective,
and are approved by the student's faculty advisor The selection
may Include subjects from outside the Department of Civil and
Environmental Engineering. Examples of preapproved planned
electives in two different areas are:

Environmental Geosclences

1.32 Introduction to Engineering Geology. 12 REST

Plus two subjects from the following:

1.70 Environmental Engineering Clinic, 12

1.71J Introduction to Hydrology, 12: 1.05'

1.725J Chemicals in the Environment: Fate and Transport,
12

1.80 Fundaments of Ecology. 12. REST 7.012*

1.81J Chemicals in the Environment: Toxicology, 9; 5.11

11.363J Chemicals in the Environment: Policy and
Management, 9

Lab may be substituted with one of the following:

1.106 Fluid Mechanics Laboratory, 6: LAB

1.107 Aquatic Chemistry Laboratory, 12, LAB 5.11

1.108 Environmental Fluid Mechanics Laboratory, 12:
LAB

Construction Engineering and Management

1.40 Project Management. 12

Plus two subjects from the following:

1.411J Building Construction, 12

1.413 Construction Technology and the Building
Development Process, 9

1.42J Fundamentals of Energy in Buildings, 12, REST
802. 18.02

Departmental Program units that also satisfy
the GIRs (42 or 48)

Unrestricted Electives 48-54

Total Units Beyond the GIRs Required for S.B. Degree 189

No subject can be counted both as part of the 17-subject GIRs
and as part of the 189 units required beyond the GIRs. Every
subject In the student's departmental program will count toward
one or the other, but not both

Notes on Course I-C

CLASS OF 1997 or later The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

*Alternate prerequisites are listed In the subject description

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other institute requirements.

Bachelor of Science in Environmental
Engineering Science
Course l-E

This option is designed for students who wish to
acquire an in-depth knowledge of fundamental
phySiCal, chemical, and biological processes
coupled with analytical and Computational skills
suitable for addressing the crucial problems of
human impacts on the environment. The pro-
gram provides the education necessary for
careers in environmental engineering, manage-
ment, and planning, and forms a solid founda-
tion for graduate study and research in both
basic and applied environmental disciplines.

Bachelor of Science in Environmental
Engineering Science
Course I-E

CLASS OF 1997 or later See Notes on Course I-E below

General institute Requirements (GIRs) Subjects

Science Requirement**

Humanities, Arts, and Social Sciences Requirement [two
subjects can be satisfied by 11.122 or STS 012J and 14 01
in the Departmental Program]

Restricted Electives In Science and Technology (REST)
Requirement*** [three subjects can be satisfied by 18.03
or 18.034, 1.80, and 5.60 in the Departmental Program]

Laboratory Requirement [can be satisfied by 1 107 or 1 108
In the Departmental Program]

8

3

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects 156-159
Core

1.03 Introduction to Probability and Statistics for
Engineers, 12: 18 01.18.02

18.03 Differential Equations, 12. REST 18 02*

or
18.034 Differential Equations, 12. REST 18.02*

5.60 Thermodynamics and Kinetics. 12. REST: 18.02,
5.11

1.05' Fluid Mechanics, 12: 8,01, 18.03

10.0012 Introduction to Computer Methods, 6

Earth Systems Science

1.71J introduction to Hydrology. 12: 1.05*

Plus one of the following three subjects:

1 32 Introduction to Engineering Geology. 12 REST

12,003 Physics of the Fluid Earth, 12. REST 18 02, 8 01

12.300 Global Change Science, 12: 18.03. 5.60*

5
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Treatment and Control

one of the following two subjects:

1.70 Environmental Engineering Clinic, 12

1 ThU Undergraduate Thesis. 12
lus one of the following four subjects:

1.85 Wastewater Treatment Engineering, 9: 1.05*

1.86J Environmental Control Technology. 12: 1.05.
2.20*, 2.40, 5.60, 10.13*

10.31 Separations and the Environment, 9

10.471 Air Pollution Control. 9

Economics and Public Policy

14.01 Principles of Microeconomics, 12, HASS
Plus one of the following two subjects:

11.122 Environmental Policy and Regulation, 12, HASS

STS 012J Engineers, Scientists, and Public Controversies,
12, HASS

Environmental Biology and Toxicology

1.80 Fundamentals of Ecology, 12. REST 7.012*

1.81J Chemicals in the Environment: Toxicology. 9:
5.11

Laboratory

One of the following two subjects:
1.107 Aquatic Chemistry Laboratory. 12, LAB: 5.11

1,108 Environmental Fluid Mechanics Laboratory 12,
LAB

Planned Electives 24

Students are required to take two subjects that add depth and
breadth to the required program and are approved by the
student's faculty advisor. See the department for a list of
approved planned electives, In addition, students can choose
to write an undergraduate thesis In lieu of one or more of the
planned electives.

Departmental Program units that also satisfy
the GIRs (60)

Unrestricted Electives 57-60

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both

Notes on Course I-E

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.
Or equivalent subject.

'The department recommends 1.00 as a substitute for 10.001.

*Alternate prerequisites are listed in the subject description.

**Any of the subjects that fulfills the institute chemistry
Requirement is satisfactory, though 5.11 is recommended.
***The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details onthis and other institute requirements.

Bachelor of Science, as recommended by the
Department of Civil and Environmental
Engineering
Course I -A

The degree of Bachelor of Science as recom-
mended by the Department of Civil and Envi-
ronmental Engineering (Course 1-A) is provided
for those students whose interests and educa-
tional goals fall within the field of civil engineer-
ing in the broadest sense but who cannot
achieve their goals by meeting the requirements
for the Bachelor of Science in Civil Engineering.
The programs leading to this degree are not
accredited by the Accreditation Board for Engi-
neering and Technology, an issue that should
be discussed with the faculty advisor.

There are five required subjects (1.00, 14.01,
and 18.03 and two of the following: 1.03, 1.04,
1.05, 1.12) plus a coherent selection of seven
electives that meet a well-defined educational
goal. The planned electives are developed in
consultation with and are approved by a mem-
ber of the departmental faculty who serves as
the student's program advisor. Planned elec-
tives may be selected from within the Depart-
ment of Civil and Environmental Engineering or
from subjects outside the department. In addi-
tion, students may write an undergraduate
thesis in lieu of one or more of the planned
electives.

Electives and Research Opportunities

A list of undergraduate electives in civil and
environmental engineering may be obtained
from the department. Students registered in the
department are encouraged to consider appro-
priate subjects offered by other departments as
part of their elective programs.

Students wishing to work closely with a member
of the faculty on research may obtain permis-
sion to register for thesis, or to enroll in 1.999
Undergraduate Studies in Civil and Environmen-
tal Engineering. Numerous possibilities for
UROP projects exist in the department. To help
undergraduates understand the professional
challenges of civil and environmental engineer-
ing as well as help establish working relation-
ships with the faculty, up to ten $600 UROP
traineeships are awarded to undergraduates
each spring.

Minor Program

The Minor in Civil Engineering consists of six
subjects arranged as follows:

Required Subjects

1.04 Solid Mechanics
1.40 Project Management
1.59 Mechanics of Construction Materials

plus

1.30 Introduction to Geotechnical Engineering
or

1.32 Introduction to Engineering Geology

Two subjects from among the following:

1.30 or 1.32 (whichever is not chosen above):
1.101J, 1.102, 1.105J, or 1.53; 1.03; 1.05 1.12;
1.411J: 1.413; 1.431; 1.50: 1.51: 1.52.

Substitution of equivalent subjects offered by
other departments is allowed, with permission of
the Minor Advisor. However, at least four sub-
jects must be Course I subjects.

The Minor in Environmental Engineering
Science consists of seven subjects as follows:

Required Subjects

18.03 Differential Equations
1.05 Fluid Mechanics

plus
1.32 Introduction to Engineering Geology

or
1.71J Introduction to Hydrology

plus
1.10J Environment and Technology

or
1.725J Chemicals in the Environment: Fate

and Transport
plus

1.80 Fundamentals of Ecology
or

1.81J Chemicals in the Environment:
Toxicology

plus
11.122 Environmental Policy and Regulation

or
STS 012J Engineers, Scientists, and

Public Controversies

One subject from among the following:

1.85, 1.86J, 10.31, 10.471

Substitution of equivalent subjects offered by
other departments is allowed, with permission of
the Minor Advisor. However, at least three sub-
jects must be Course I subjects.

For a general description of the Minor Program,
refer to Chapter 111.



154 School of Engineering

Graduate Study Divisions, Laboratories,
and Special Programs

The Department of Civil and Environmental
Engineering grants the following advanced
degrees: Master of Science, Master of Science
in Civil and Environmental Engineering, Civil
Engineer, Environmental Engineer, Doctor of
Science, and Doctor of Philosophy. The Insti-
tute's general requirements for these degrees
may be found in Chapter IV. Detailed informa-
tion on the departmental requirements for each
degree may be obtained from the Academic
Programs Office, Room 1-281.

At the graduate level, research and education
go hand in hand. Students interested in physical
processes or in the analysis and design of
component facilities may work in a fundamental
area such as soil, water, or structures. Students
interested in the planning, design, construction,
and operation of large-scale systems of facilities
may work in such fields as transportation, water
resources, and other public and private
systems.

The functional divisions of the department and
the Center for Construction Research each have
responsibility for the administration of the re-
search and academic programs of the depart-
ment, including graduate admissions and re-
search assistant, teaching assistant, fellowship
and traineeship awards and assignments. Pro-
spective graduate students indicate their pre-
ferred affiliation when applying for admission.

Fields of Advanced Study

Integrated programs of advanced study are
available in the following areas: geotechnical
engineering, structural engineering and
mechanics, construction engineering and
management, transportation systems, hydrody-
namics and coastal engineering, hydrology and
water resource systems, water quality control
and the aquatic environment, and environmental
engineering.

Entrance Requirements for Graduate Study

Applicants do not need to have an undergradu-
ate degree in civil engineering.

Numerous opportunities for graduate education
in civil and environmental engineering exist for
students with backgrounds in other branches of
engineering, science, and certain social
sciences. These arise through the growth of
interdepartmental research and degree pro-
grams that bring people of diverse backgrounds
together in search of solutions to major societal
problems. Graduate students and faculty in the
department have experience, for example, in
economics, political science, sociology, archi-
tecture, urban and regional planning, manage-
ment, biology, geology, and oceanography.

Primary requirements for graduate study are a
keen intellect combined with capability and
interest in quantitative approaches to real prob-
lems. Prerequisites for each subject are given in
the subject descriptions. Students may make up
deficiencies in prerequisites while pursuing a
program of graduate study. All applicants are
required to submit scores from the GRE Apti-
tude Test.

Financial Assistance

The research of the department is an integral
part of the study program, and approximately
150 graduate students each year receive ap-
pointments as research or teaching assistants.
Most of these appointments fully cover tuition
and reasonable living expenses in the Boston
area.

In addition to financial support, these appoint-
ments provide valuable educational experience
and, in the case of research assistantships,
thesis opportunities.

A number of fellowships are also available for
graduate students.

Constructed Facilities Division

The academic and research programs of the
Constructed Facilities Division are concerned
with the broad field of development, design,
analysis, and assessment of behavior of con-
structed facilities. Engineering programs in
geotechnical engineering and in structural
design and analysis build upon subjects in
mechanical behavior of materials, engineering
mechanics, applied probability and statistics,
design methodologies, and computer-based
analysis methods in designing a program that
meets particular needs and interests. Students
may emphasize a particular engineering area or
combination, or may focus on one of several
disciplinary areas, including condition assess-
ment, computer-aided engineering, analytical
mechanics, and design.

The major areas of research and teaching in the
Constructed Facilities Division are listed below.

Geotechnical engineering emphasizes funda-
mental principles of mechanics, materials,
engineering geology, computational analysis,
and analysis of uncertainty that lay the basis for
dealing with the challenging geotechnical
engineering problems of the future.

Basic graduate-level subjects in mechanics,
dynamics, numerical analysis, and probability
are taken jointly with other students studying in
the Constructed Facilities Division. A series of
subjects dealing with the engineering behavior
of soil and rock, and the measurement and
evaluation of the properties of these materials, is
offered. The approach to the use of fundamen-
tal knowledge, site investigation, and experience
to solve geotechnical engineering problems is
developed in subjects dealing with foundations
and underground construction. Advanced
subjects are often offered every other year -for
example, in constitutive modeling, soil dynam-
ics, and underground construction.

The major areas of research are soft-ground
construction, geotechnical aspects of
earthquake engineering, underground
construction, stability of natural slopes in rock,
constitutive modeling of clay and sand, robotics
in earthwork engineering, pile foundations,
applications of probability and decision theory,
mining geotechnics, centrifuge model testing
and in situ testing - especially for offshore
exploration.

Structures and materials gives students a
broad understanding of the behavior of struc-
tures and the materials from which they are
made. In the academic program, emphasis is
placed on structural mechanics, mechanical
behavior of construction materials, and the
design of structural systems. Additional subjects
in numerical methods and condition assess-
ment in engineering are also recommended.
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The current research program in structures
includes projects on computer-aided structural
engineering, intelligent structural engineering
systems, structural performance of composite
beams, soil-structure interaction under seismic
loads, and reliability of structures. In materials,
the current research program includes projects
on innovative lightweight materials for construc-
tion (e.g., fibre-reinforced cements, ceramics,
cellular materials, and structural sandwich
panels), ice mechanics, ice structure interaction
on offshore structures in the Arctic, and fatigue
and multi-axial failure behavior of high strength
concrete.

The Geotechnical Engineering Research
Laboratory is a part of the REMERGENCE
Laboratory concentrating on applied and
fundamental research on the engineering
properties of soil and rock. It is also involved in
the evaluation of new experimental equipment
and field performance.

Engineering Risk Assessment is important for
civi? engineering projects, since uncertainties on
site characterization, loading, and construction
materials are large. In addition, laboratory test-
ing and in situ experimentation produce data,
the effective interpretation of which requires the
use of statistical procedures. The academic
program of the division provides exposure to
probability theory, statistics, modeling with
random functions, reliability analysis, and risk-
based decision methods with an orientation
towards civil engineering applications.

Computer-Alded Engineering is based upon
the disciplinary areas of information processing,
computational methods, and artificial intelli-
gence. A series of specific subjects in theory,
methodology, and practice is offered by faculty
from the Intelligent Engineering Systems Labo-
ratory, and applications are integrated in a
number of civil engineering subjects.

Analytical Mechanics presents an in-depth
treatment of the mechanics of solids and its
extension to multiphase media. Students inter-
ested in engineering analysis can combine this
program with additional geotechnical and
structural mechanics subjects.

The Structures Laboratory is an educational
facility for studying the behavior of structural
elements and structural systems. The special
laboratory equipment assists students in relating
theoretical predictions to actual response and in
visualizing the behavior of complex systems.
Students also design and construct models of
structural systems that are then tested for verifi-
cation of the design.

The Advanced Construction Materials Labora-
tory is an educational and research facility
which helps students relate the physical and
mechanical properties of construction materials
to their compositions. Current research includes
mechanical behavior of concrete, asphaltic and
cementitious composites, fibrous composites,
cellular materials, composite sandwich panels,
ceramics, rocks, and ice.

The Intelligent Engineering Systems
Laboratory (IESL) is composed of faculty and
students whose main interest lies in the
applications of computer and communications
methods to engineering problems. Computing
facilities include 11 SUN workstations and 2
SUN file servers, 4 SONY workstations and 5
DEC workstations. Software features X-window,
motif, and C+ + application environments and
includes various Al programming tools, CAD
packages, and a dedicated multimedia
workstation. The Laboratory has both teaching
and research missions.

The Laboratory for Resource Extraction
Materials Energy Reservoir Geotechnical,
Environmental, and Construction Engineering
(REMERGENCE) provides an intellectual
environment and facilities for both theoretical
and experimental work with natural and
construction materials, extraction and construc-
tion processes involving those materials, and
structures built in or with those materials.

The REMERGENCE Laboratory is a coordi-
nated, focused endeavor, characterized by the
integration of materials, processes, and struc-
tures and by a set of disciplines common to
broader areas of engineering.

Twenty-five faculty, 10 research staff, and ap-
proximately 50 graduate and 50 undergraduate
students from the Departments of Architecture,
Civil and Environmental Engineering, Mechani-
cal Engineering, Ocean Engineering, Materials
Science and Engineering, and Earth, Atmo-
spheric, and Planetary Sciences participate in
this laboratory, which has very strong research
and teaching components.

Transportation Systems Division

The educational and research programs of the
Transportation Systems Division are based on
the philosophy that the analysis, design, and
implementation of transportation improvements
result from combining quantitative analysis of
alternative solutions; in-depth understanding of
specific problem areas spanning freight,
passenger, urban, intercity, and international
transportation; and knowledge of the economic
and institutional setting in which solutions are
implemented.

The academic programs of the division reflect a
multi-modal orientation, emphasizing basic
methods of analysis and their applications to a
range of problems. The approaches include a
synthesis of economics, statistics, and mathe-
matical programming, as well as the tools of
management and the social sciences. The
division emphasizes the development and use
of computer-based decision support systems to
solve transportation problems. Subject offerings
stress both the technical analysis of transporta-
tion systems and the social and political factors
that must be considered in transportation deci-
sions, including subjects in various applications
areas.

The research in the division also reflects a wide
range of methodological and substantive inter-
ests. The current major research activities in
which students are encouraged to participate
include the following: logistics: railroad opera-
tions; trucking network planning; travel demand
analysis: network equilibration: microcomputer
applications in transportation operations: analy-
sis of the US automobile industry: freight and
urban passenger transportation in developing
countries: regulation in the common-carrier
industry; decision support for carrier marketing;
transit operations and planning: institutional and
organizational issues in transportation: and the
relationship between transportation and down-
town retail activity.

The faculty, students, and staff of the Transpor-
tation Systems Division actively participate in the
MIT Center for Transportation Studies (CTS),
which coordinates transportation research and
educational activities at MIT The interdepart-
mental degree of Master of Science in Transpor-
tation is offered in cooperation with the Center
for Transportation Studies. Most civil engineer-
ing students studying transportation at the
master's level are enrolled in this interdepart-
mental program, although the Master of Science
in Civil Engineering degree is still offered for
those students whose educational objectives
are better served by that program. Require-
ments for the Master of Science in Transporta-
tion and a detailed description of the center are
contained in Chapter VI.

The Transportation Systems Division and Center
for Transportation Studies are into the third year
of two new programs. The first is a federally
funded program of transportation studies in
cooperation with other New England area
universities. This program will support 10 to 20
student fellowships annually. The second is a
cooperative program between the Sloan School
of Management and MIT in the logistics area.
Students in this program will earn two master's
degrees (Management and Transportation) and
work with industry at the same time.

Water Resources and Environmental
Engineering Division, Ralph M. Parsons
Laboratory

The graduate program of the Water Resources
and Environmental Engineering Division offers a
broad spectrum of educational and research
opportunities in the interrelated areas of
hydrodynamics, coastal engineering, hydrology,
water resource systems, aquatic chemistry,
aquatic biology, and environmental engineering.

Teaching and research in the graduate program
focus on the physical, chemical, biological, and
socioeconomic forces that affect water. Faculty
and students explore these problems theoreti-
cally and experimentally in the classrooms,
computer facilities, laboratories, and at field
sites. The Ralph M. Parsons Laboratory houses
extensive teaching and research facilities.



Teaching and research emphasize basic scien-
tific understanding as a support for resource
management and design practice. This ap-
proach allows for a thorough comprehension of
the causes of environmental problems as well
as their engineered and management solutions
at the regional and global levels.

Students may formulate programs of study
toward the degrees of Master of Science. Civil
Engineer, Environmental Engineer, and the
Doctor of Philosophy or Science. Enrollment as
special students by those not working toward a
formal degree is also encouraged.

The Water Resources and Environmental Engi-
neering Division is active in all disciplines of the
MIT-Woods Hole Oceanographic Institute Joint
Program: physical oceanography, marine chem-
istry, biological oceanography, and oceano-
graphic engineering.

The division, an integral part of the Center for
Global Change Science at MIT, is active in a
variety of issues dealing with the global environ-
ment. Opportunities exist for research and
interdisciplinary degrees with the Department of
Earth, Atmospheric and Planetary Sciences.
Students interested in relating environmental
issues to public health interface may participate
in joint degrees with the Division of Toxicology.

Interdisciplinary work is generally encouraged.
Strong links exist with the MIT Energy Laborato-
ry, Department of Ocean Engineering, MIT's
Hazardous Substance Group, and the Sea
Grant Program.

Following Is a brief description of activities and
interests.

Hydrodynamics and Coastal Engineering. A
wide selection of subjects and research oppor-
tunities is offered, including theoretical and
applied fluid mechanics, hydrodynamics of
wave motion, beach erosion and coastal sedi-
ment problems, wave interaction in harbors and
offshore structures, estuary and coastal circula-
tion and water quality, energy extraction from
waves and the ocean thermal gradient, econom-
ic development, and environmental impact
assessment in the coastal zone. Related sub-
jects in oceanography and ocean engineering
are offered by other MIT departments and at the
Woods Hole Oceanographic Institution.

Hydrology and Water Resource Systems.
Emphasis is on the close relationship between
meteorology, climate, surface, soil, and ground-
waters. Issues of water quantity and quality, as
well as resource management, are studied.
Subjects cover deterministic and stochastic
aspects of surface and groundwaters, hydrome-
teorology, hydroclimatology, limnology, and
water resource systems. Subjects are complem-
ented by other MIT offerings in the earth and
social sciences. Research activities encompass

theoretical work as well as laboratory and field
experimental studies. Some topics of interest
are the design of groundwater monitoring
systems, effect of soil heterogeneity on ground-
water flow and transport, integration of artificial
intelligence methods and geographical informa-
tions systems on hydrologic modeling, hydro-
logic parameterization of global climate models,
field and theoretical quantification of runoff
mechanisms, and an understanding of the
development of river basins.

Aquatic Chemistry, Aquatic Biology, and
Environmental Engineering. Teaching and
research activities are conducted in the fields of
aquatic chemistry and biology, the fate of pollut-
ants in natural water bodies, and the manage-
ment of water quality. Students may choose
either in-depth study in one of these areas or
an interdisciplinary program drawing upon the
full range of offerings. Subjects include the
development of deterministic and stochastic
water resources models, mixing processes,
biochemical transformations, fate and effects of
heavy metals and organics, and basic subjects
in aquatic chemistry and biology. Research
includes waste heat management, harbor and
coastal modeling, groundwater and coastal
pollution, wetland geochemistry, phytoplankton
ecology, microbial transformations of pollutants,
and biogeochemistry of trace metals and organ-
ic compounds.

Facilities

Extensive research and laboratory facilities are
provided in the Ralph M. Parsons Laboratory,
which houses the division. Over 70 graduate
students are involved in degree programs.
Almost all of them receive financial help from a
variety of sources. The Ralph M. Parsons
Fellowships support a select group of first-year
students. Research assistantships on sponsored
research programs are generally available for all
other students. A limited number of teaching
assistantships also exist.

The Ralph M. Parsons Laboratory contains more
than 40,000 square feet of classrooms, teaching
and research laboratories (eight separate labora-
tory areas), shops, computer facilities, and
offices. Laboratory facilities exist for hydrody-
namic studies involving wave motion, jet turbu-
lence and diffusion by means of laser-Doppler
instrumentation, flows with thermal and density
stratification, and flows in porous media. Com-
plete research facilities are also available for
aquatic chemistry and aquatic biology, including
analytical equipment for organic and inorganic
environmental chemistry, analytical and cultur-
ing facilities for environmental biology, micro-
biology, and biochemistry and field equipment.
A three-dimensional wave generator has recent-
ly been completed. The laboratory's computer
facilities are extensive.

Center for Construction Research and
Education

Construction is a multibillion-dollar industry and
one of the largest sectors of the nation's
economy. It creates the buildings, industrial
plants, and infrastructure facilities required to
serve a broad range of social and economic
activities. The construction industry is unique in
its size, scope, and strategic importance. It is
also unique in the diversity of participants and
activities involved in transforming resources of
capital, labor, materials, equipment, technology,
and management into physical facilities.

The Center for Construction Research and Edu-
cation provides an intellectual environment and
a focal point within MIT for pooling academic
and industry resources to address major and
fundamental issues of this critically important
industry. Since its founding in 1982, the center
has developed comprehensive programs of
education, research, and industry interaction,
thus earning it a reputation as a center of con-
struction expertise and excellence.

The center offers graduate degree programs in
Construction Engineering and Management
designed to prepare students for a wide variety
of career opportunities, not only in construction
firms, but also in owner organizations, govern-
ment agencies, engineering and design firms,
and other companies that supply important
materials and products to the industry.
Approximately 40 percent of the center's
students are pursuing Ph.D. degrees in
preparation for careers in research and
teaching. The theoretical foundations of the
discipline of construction engineering and
management are covered through a wide
choice of subjects in the decision sciences,
construction management, and construction
technology. Students have the flexibility to select
other subjects at MIT that are most appropriate
to their individual backgrounds and interests.

Through grants, sponsored projects, and Ph.D.
thesis research, the center provides support
and direction for a wide range of projects to
develop new knowledge and advance the state
of the art of construction technology, resources,
and management. The center's Program for
Advanced Construction Technology (PACT)
focuses directly on developing and adapting
new and emerging technologies in such areas
as knowledge-based systems, artificial intelli-
gence, advanced engineering materials, auto-
mated sensing and condition assessment, and
construction robotics. Other research projects
seek insights into new areas of construction
demand, such as infrastructure rehabilitation
and hazardous waste control, in order to identify
the implications for financial, labor, equipment,
and material resources. The center's manage-
ment research projects address a range of
strategic and operational issues at the industry,
firm, and project levels.
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The center also promotes continuing interaction
with the construction industry through a number
of activities. For example, it organizes various
lectures, seminars, and roundtable meetings
that involve industry leaders, faculty, and stu-
dents in the discussion of critical issues and
challenging opportunities in construction. In
addition, a construction industry affiliates pro-
gram provides the basis for more formal and
continuous relationships with specific compan-
ies involved in the design and construction
process.

The center's programs lead to a better
understanding of the nature of the construction
industry and the fundamental changes
occurring in its supply and demand. The goal is
to use this understanding to foster the discov-
ery, development, and implementation of
advanced technology, analytical methods, and
management strategies to improve the
industry's productivity, the quality of its
products, and its competitiveness in both
domestic and international markets.

Computer and Automation Facilities

The department operates a wide range of
computers in support of its academic and
research programs. These facilities include
networks of engineering and scientific work-
stations from a number of manufacturers and
several clusters of personal computers. These
computers support a variety of programming
languages including C, C +, FORTRAN,
Common Lisp and PASCAL; word-processing
and text-formatting systems; relational and
object-oriented databases; scientific libraries
such as IMSL; and applications packages of
direct use in civil engineering such as ICES
STRUDL, COSMOS, ROADS, MAPPS, and the
GDS computer-aided design system.

All workstations are networked and access
MIT's campus network. In addition, some
personal computers are connected to the
network through a specialized gateway.

The department is also working on applications
such as remote sensing of soil conditions, the
use of image processing to evaluate infrastruc-
ture conditions, and the integration of video
imaging into computer applications used for
engineering design.

interdisciplinary Programs

In response to the interdisciplinary character of
many problems of interest, the Department of
Civil and Environmental Engineering has added
faculty with training and professional experience
in law, management, economics, political sci-
ence, and sociology, as well as in mechanical
and electrical engineering, ecology, chemistry,
and geology. Accordingly, departmental re-
search and subject offerings have been devel-
oped in many interdisciplinary areas of current
and future importance such as environmental
engineering, environmental management and
control, public service systems, urban engineer-
ing, engineering and public policy, and project
evaluation and management.

Undergraduates and graduate students can
build educational programs in these and other
areas, and select subjects from among the
offerings of other departments at the Institute,
such as Urban Studies and Planning, Architec-
ture, Management, Mathematics, Economics,
and Political Science, as well as the life and
earth sciences and other fields of engineering.
Each student's educational and research pro-
gram may reflect his or her personal and profes-
sional goals, whether intensive or extersive in
nature.

Interdisciplinary programs at the graduate level
are administered by interdepartmental commit-
tees. Those of particular interest to students
from civil and environmental engineering are in
transportation, materials, applied earth sciences,
operations research, computers and information
systems, ocean engineering, public systems,
the social applications of technology, manage-
ment of technology, and mineral resources
engineering and management.

Master of Science In Technology and Policy

Students interested in applying their civil and
environmental engineering background to
problems of policy, risk assessment, and strate-
gic planning for technology may apply for the
interdepartmental Master of Science Program in
Technology and Policy. This program combines
subjects in advanced technology in the particu-
lar field of the student's choosing with subjects
in economics, systems analysis, political sci-
ence, and law. General requirements and appli-
cation procedures are described in Chapter VI.

Master of Science In the Management of
Technology

Students who wish to apply their civil and
environmental engineering background, and at
least five years of technical work experience, to
issues in technical management may explore
the Joint Program in the Management of
Technology. Offered jointly by MIT's School of
Engineering and the Sloan School of Manage-
ment, this program entails a rigorous 12-month
curriculum, focusing on management principles
for technical people in a technical environment.
The program is designed for scientists and
engineers on a career path requiring increasing
managerial responsibilities for technical
activities. Details of the program and application
procedures are described in Chapter VI.

Joint MIT-Woods Hole Oceanographic
Institution Program-Course I-W

A joint degree program between MIT and the
Woods Hole Oceanographic Institution (WHOI)
is intended for students whose primary career
objective is applied or engineering oceanogra-
phy. Students divide their academic and re-
search efforts between the campuses of the two
institutions. While in residence at MIT students
enrolled in Course I-W follow a program similar
to that of other students in this department. The
program is described in more detail in the sec-
tion Graduate Study at the end of this chapter.

Mining and Mineral Resources Research
Institute

The Mining and Mineral Resources Research
Institute (MMRRI) coordinates academic and
research activities in the mineral resources field.
The MMRRI and its various academic and
research opportunities are described in
Chapter VI.

Inquiries

Detailed information about the academic poli-
cies and programs of the department may be
obtained by writing to the Academic Programs
Office, Room 1-281, MIT Cambridge, MA
02139-4307, (617) 253-7106.
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Many of the products and services in modern
society are based upon the work of electrical
engineers and computer scientists.

Electrical communication systems involving
wires, optical fibers, or wireless technology
abound in radio, television, telephone, and
computer-communication networks. Modern
electronics has made possible sophisticated
instrumentation systems for use in all branches
of the physical and biological sciences, as well
as in most areas of engineering. Electrical
machines and electronic circuits control a
multitude of systems that deeply affect our lives
in many ways. The large quantities of electric
power that serve society are provided by elec-
tric motors and generators and are controlled
and distributed by complex transmission and
switching networks.

The tremendous reduction over the last decade
in the cost of digital electronic devices has led
to an explosive growth in the use of computers
and computation. At the same time, our in-
creased understanding of computer science
has made possible the development of new
software systems of increased power, sophisti-
cation, and flexibility.

Modern electronic systems are increasingly
digital in nature, exceedingly complex, and
would be inconceivable without today's VLSI
chip technology. Indeed, such systems are so
complex that the principles of their design bear
great similarities to the design principles of large
software systems. Thus, computer science and
electronic system design require similar back-
grounds in many respects, and computer aids
to design are essential in this ever-expanding
domain of engineering.

The pervasiveness and success of electrical
engineering and computer science are due in
large part to the conceptual models that electri-
cal engineers and computer scientists have
developed for the devices and systems with
which they must deal. These models are based
on a background of mathematics and physical
sciences, including the fundamental electric and
magnetic properties of materials, and are
employed in a wide range of applied problems
in both man-made and biological systems.

Accordingly, the focus of the undergraduate
curricula is on the fundamental principles and
models of the electrical and computer sciences.
Engineering concentrations, laboratory subjects,
independent projects, and thesis research
complement this preparation by introducing
more specialized techniques of analysis, design,
and experimentation in a variety of fields.
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Professional and Preprofessional
Programs

For students entering MIT from secondary
schools and planning professional careers in the
fields of electrical engineering and computer
science, the Department of Electrical Engineer-
ing and Computer Science offers programs
leading to the Master of Engineering degree
and to the Bachelor of Science degree. Three
preprofessional four-year bachelor's programs
are available. One program is for students who
specialize in electrical science and engineering:
another is in computer science and engineer-
ing; and a third is for students whose interests
cross this traditional boundary. The principal
departmental professional program leads direct-
ly, through a seamless five-year course of
study, to the simultaneous awarding of the
Master of Engineering and one of the three
bachelor's degrees. An undergraduate who
wishes to pursue the Master of Engineering
degree should initially register for any of the
three bachelor's programs. The VI-A Internship
program combines either the professional
Master of Engineering or a preprofessional
bachelor's academic program with periods of
industrial practice at affiliated companies. All
these programs are described in more detail in
the paragraphs and sections that follow.

The program leading to the Master of Engineer-
ing degree in Electrical Engineering and Com-
puter Science is intended to provide the depth
of knowledge and the skills needed for profes-
sional work as well as the breadth and perspec-
tive essential for engineering leadership in an
increasingly complex technological world. This
program builds on the General Institute Require-
ments in science and the humanities, together
with 18.03 Differential Equations and the core of
required departmental subjects (6.001, 6.002,
6.003, and 6.004, each including a laboratory
component), which introduce students to the
fundamentals of electrical circuits and dynamic
systems, and to the principles of computation
and the organization of computing systems. The
heart of the program is a group of nine Engi-
neering Concentration subjects selected from
seven concentration lists under constraints
designed to ensure appropriate depth and
breadth. The remainder of the program consists
of restricted choices in engineering laboratories
and mathematics which, together with free
electives and a thesis, permit individual students
to shape their programs to their special inter-
ests. Among the subjects selected at least 42
units must be at graduate H-level.

The major part of the Master of Engineering
curriculum is composed of classroom subjects
presented in lecture- recitation format. These
subjects provide an organized introduction to
the principles and applications of electrical
engineering and computer science -an intro-
duction that is reinforced by regularly assigned
homework exercises and, in many cases, ele-
mentary laboratory or design problems. Encour-
aging an appreciation of the principles of
successful design is an important goal of the
curriculum. The extent to which each depart-
mental subject contributes towards this goal is
indicated in the catalogue description of the
subject through the specification of Engineering
Design (ED) points; a total of at least 48 ED
points is required in each student's program.

The focus on design is also aided by two other
important components of the Master of Engi-
neering program: laboratory-project subjects
and thesis. Laboratory- project subjects expose
the student to the design of experiments, equip-
ment, or computer programs, as well as to the
problems of implementation and the evaluation
of results. Because of the importance of this
experience, students are expected to complete
one departmental laboratory subject in addition
to the General Institute Laboratory Requirement,
which is often most appropriately satisfied by a
second departmental laboratory subject. Most
departmental laboratory subjects provide 12 ED
points. The thesis for the Master of Engineering
degree is normally 24 units of effort; each thesis
is assigned an appropriate number of ED points
by the thesis supervisor depending on the
nature of the activity. Joint theses, based on a
group project in which each participant has an
identified responsibility, are encouraged.

The four-year preprofessional programs leading
to a Bachelor of Science degree are shorter and
less comprehensive than the Master of Engi-
neering program. The department expects
these programs to be accredited by the Accred-
itation Board for Engineering and Technology
(ABET). The requirements for the preprofession-
al Bachelor of Science programs (described
later in this chapter) are subsets of those for the
Master of Engineering program: all recipients of
a Master of Engineering degree receive a Bach-
elor of Science degree as well. No thesis is
explicitly required for the preprofessional Bache-
lor of Science degree. However, every accred-
ited program must include a major design
experience at an advanced level, which may be
satisfied either by a thesis or project that em-
braces the fundamental elements of the design
process - establishment of objectives, analysis
and synthesis, construction, testing, and evalua-
tion, culminating in written and oral reports.
Normally, the thesis for the Master of Engineer-
ing degree will provide this design experience
for students receiving both degrees.

The requirements listed for the department
programs are not rigid. Much flexibility is built
into the elective structure; 60 units of totally
unrestricted electives are included in every
Master of Engineering program. Some further
variations in requirements are routinely per-
mitted, while still others will be considered on a
individual basis. Approval of requests for sub-
stantial changes may be granted to well-pre-
pared students whose proposed programs
provide an integrated approach to a well-de-
fined educational objective and are comparable
with the listed curricula in breadth and depth.
Changes affecting the required core portion of
each curriculum, however, are rarely approved.

Programs leading to the professional five-year
Master of Engineering degree or to the prepro-
fessional four-year Bachelor of Science degrees
can easily be arranged to be identical through-
out the first three years. At the end of the third
year, most students will be offered the opportu-
nity to continue through the five-year master's
program; those students who are not selected
may request reconsideration. To remain in the
program and to receive the Master of Engineer-
ing degree, students will be expected to main-
tain an average of at least 4.0 in all subjects
taken after the third year. Admission to the
Master of Engineering program is open only to
undergraduate students who have completed
their third year in Electrical Engineering and
Computer Science at MIT Students with other
preparations seeking a master's level experi-
ence in EECS at MIT should see the Master of
Science program described later in this chapter.

The fifth year of study toward the Master of
Engineering degree can be supported by a
combination of personal funds, participation in
the VI-A Internship Program described later in
this chapter, an award such as a National Sci-
ence Foundation Fellowship, a fellowship or
traineeship awarded by MIT a graduate assis-
tantship, or a student loan. Assistantships re-
quire participation in research or teaching in the

epartment or in one of the associated laborato-
ries. Assistants normally register for two or three
scheduled classroom or laboratory subjects,
depending upon the terms of their appoint-
ments, and may receive additional academic
credit for their participation in the teaching or
research program. Support through an assis-
tantship may extend the period required to
complete the final two terms of a Master of
Engineering program to three or four terms.
Department support is normally provided to
Master of Engineering candidates for a maxi-
mum of three terms, unless such students have
applied for and been admitted to the doctoral
program. Support is granted competitively to all
graduate students and may not be available for
all of those admitted to the Master of Engineer-
ing program.
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Additional information about the department's
professional and preprofessional programs may
be obtained from the EECS Undergraduate
Office, Room 38-476, MIT, Cambridge MA
02139-4307, (617) 253-7329.

Master of Engineering in Electrical
Engineering and Computer Science
Course VI-P
CLASS of 1997 or later: See Notes on Course VI-P below.

General institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities. Arts, and Social Sciences Requirement

Restricted Electives in Science and Technology (REST)
Requirement** [two subjects can be satisfied by 6.001 or
6.002. and 18.03 in the Departmental Program]

Laboratory Requirement

3

TOTAL GIR Subjects Required for S.B. and
M.Eng. Degrees 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, Engineering
Design (ED) points, and by prerequisites if any (corequisites in
italics).

Required Subjects 9

6.001

6 002

6 003
6 004
18.03

6 ThG

Structure and Interpretation of Computer
Programs. 15 (ED 4), REST
Circuits and Electronics. 15 (ED 4). REST 8.02*.
18.03'*
Signals and Systems, 15 (ED 4): 6.001, 6.002
Computation Structures, 15 (ED 4): 6.001. 6.002
Differential Equations. 12. REST 18.02*
M Eng. Thesis. 24 (ED 0-24)

Restricted Electives 156

1 Three of the following Mathematics subjects including either
6 041 or 18.313 or 6.042J. (Prior to fall term 1994, students may
choose 18.063 instead of 6.042J ) Note that some of these
subjects are prerequisites for several subjects in the Engineer-
ing Concentration lists and are required in certain designated
S B. programs.

6041 Probabilistic Systems Analysis. 12, REST 18.02
or

18.313 Probability. 12:18.02"
6.042J Mathematics for Computer Science, 12

6.001, 18 02*
18.04 Complex Variables with Applications, 12: 18.03*
18.06 Linear Algebra, 12. REST 18.02*

18.063 Introduction to Algebraic Systems. 12: 18.02*
18 100 Analysis I, 12: 18.03*

2 One 12-unit subject selected from the undergraduate
laboratory subjects 6.100-6.182. This requirement is in addition
to the General institute Laboratory RaquIrement. Note that 6.170
is a required subject in the Computer Science and Engineering
S B program and is a prerequisite for several subjects in the
Engineering Concentration lists.
3 NIne subjects selected from the Engineering Concentration
Ists described below. At least three subjects (including the
header subject) must be selected from one concentration. and
at least two subjects (including the header subject) must be
selected from each of two other concentrations. Note that
Prerequisite structures and designated S B. program require-
ments may place further constraints on these selections.

4. Every approved degree program must contain at least 42
units of graduate H-level subjects and 48 Engineering Design
(ED) points. Note that approved S.B programs require a major
design experience at an advanced level that can be satisfied
either by a 12-unit thesis or advanced project.

Departmental Program units that also satisfy the GIRs (27)

Unrestricted Electives 60

Total Units Beyond the GIRs Required for the S.B. and
M.Eng. Degrees 285

This must include at least 180 units of credit for the S.B. degree
and at least 66 units of graduate credit plus graduate thesis.

No subject can be counted both as part of the 17-subject GiRs
and as part of the 285 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both Similarly, no single subject may
be counted in more than one category of departmental re-
stricted electives.

Notes on Course VI-P

CLASS of 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

*Alternate prerequisites are listed In the subject description.

*The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other institute requirements.

Bachelor of Science in Electrical Science and
6 Engineering, Course VI-1

Bachelor of Science in Electrical Engineering
and Computer Science, Course VI-2

Bachelor of Science in Computer Science
and Engineering, Course VI-3

CLASS of 1997 or later See Notes on Course VI below.

General institute Requirements (GIRs) Subject

Science Requirement

Humanities, Arts, and Social Sciences Requirement

Restricted Electives in Science and Technology (REST)
Requirement** [two subjects can be satisfied by 6.001 or
6 002. and 18 03 in the Departmental Program]

9s

Required Subjects 72
6,001 Structure and interpretation of Computer

Programs, 15 (ED 4). REST

6.002 Circuits and Electronics. 15 (ED 4). REST' 8.02*.
18.03*

6.003 Signals and Systems, 15 (ED 4): 6.001. 6 002

6.004 Computation Structures. 15 (ED 4): 6 001, 6,002

1803 Differential Equations, 12. REST 18.02*

Restricted Electives 96

1. Either 6.041 or 18.313 or 6 042J Students in Course VI-1
must select either 6.041 or 18.313 students In Course VI-3
must select 6.042J. (Prior to fall term 1994, students may
choose 18 063 Instead of 6 042J.)

2. One 12-unit subject selected from the undergraduate
laboratory subjects 6.100-6.182 This requirement is in addition
to the General Institute Laboratory Requirement. Students In
Course VI-3 must select 6.170.

3. Five subjects selected from the Engineering Concentration
lists that follow. At least three of these subjects must be header
subjects from three different concentration lists Students in
Course VI-1 must select the header subjects 6 011, 6.012, and
either 6 013 or 6 014: students in Course VI- 3 must select the
header subjects 6 033, 6.034. and 6 046J. Every program must
contain at least two subjects (including the header subject) from
a single Engineering Concentration list.

4. Every approved degree program must contain at least 48
Engineering Design (ED) points and must include a major
design experience at an advanced level satisfied either by a
12-unit thesis or advanced project

Departmental Program units that also satisfy the GIRs (27)

Unrestricted Electives 48

Total Units Beyond the GIRs Required for S.B. Degree 189

No subject can be counted both as part of the 17 subject GIRs
and as part of the 189 units required beyond the GIRs Every
subject in the student's departmental program will count toward
one or the other, but not both Similarly, no single subject may
be counted in more than one category of departmental re-
stricted electives

Notes on Course Vi

CLASS of 1997 or later: The Science Requirement Increases to
5 six subjects with the addition of Biology as a GIR. and the REST
8 Requirement decreases from three subjects to two, keeping the

total number of GiRs constant at 17.

3
Laboratory Requirement I

TOTAL GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, Engineering
Design (ED) points, and by prerequisites if any (corequisites in
italics).

*Alternate prerequisites are listed in the subject descriptions.

*"The REST Requirement was formerly called the Science
Distribution Requirement See Chapter iII for further details on
this and other Institute requirements
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Engineering Concentrations

Artificial Intelligence and Applications. This
concentration is concerned with the use of
computation to accomplish specific tasks that
are complex and often only weakly defined.
Attention necessarily focuses on subsets of
these tasks for which useful solutions can be
developed. Since problems in this area are
often motivated by a desire to understand or
emulate intelligent human behavior, there are
strong links to other fields such as neurosci-
ence, psychology, mechanical engineering, and
linguistics.
Header
6.034 Artificial Intelligence

Undergraduate
6.036-6.037
6.801-6.802
9.39

Graduate H-level
6.824
6.835
6.858J-6.871

Bioelectrical Engineering. This concentration
applies engineering principles and tools to the
understanding of living systems and to the
design of technical devices whose specifica-
tions require some knowledge of the properties
of living systems. Examples include the quanti-
tative description of biological, physiological, or
psychological systems, e.g., circulatory, senso-
ry, or skeletal systems, protein or genetic struc-
tures, speech and natural language; devices
that improve the operation of pathological
systems, e.g., pacemakers, sensory aids, artifi-
cial tissues; and systems that aid in the effective
delivery of health care, e.g., imaging systems,
medical decision aids.
Header
6.021J Quantitative Physiology: Cells and
Tissues
Undergraduate
6.022J-6.023J
6.501
6.801
7.05
9.35

Graduate H-level
6.343
6.345
6.541 J-6.566J
6.863J
6.865J

Appropriate graduate H-level Course VII and
HST subjects.

Communication, Control, and Signal
Processing. This concentration is concerned
with fundamental issues in the design, model-
ing, identification, optimization, and control of
stochastic and/or dynamic systems: and the
analysis and synthesis of algorithms and sys-
tems that process signals or information. Re-
lated applications are of interest, such as optical
and data communication networks: processing
of speech, image, radar, geophysical, oceano-
graphic, and other signals; distributed and
parallel computation: neural networks; power
systems; aerospace systems: and logistical
systems.

Header
6.011 Introduction to Communication, Control,
and Signal Processing
Undergraduate
6.302

Graduate H-level
6.231
6.233J-6.281J
6.335-6.336
6.341

Graduate
6.450

6.343-6.345
6.432-6.441
6.451-6.456J
6.686-6.687

Computer Systems and Architecture
Engineering. This concentration is character-
ized by its emphasis on the artifacts underlying
computing systems such as machine architec-
tures, networks, data management systems and
compilers. The problems studied are typically
relatively well defined, and solutions are eva-
luated according to many criteria, including
performance, cost, and completeness. Many
subjects emphasize design and optimization
issues and the definition of interfaces, e.g., how
to structure a multiprocessor, or what interface a
network should provide to nodes.
Header
6.033 Computer System Engineering
Undergraduate
6.035
6.313

Graduate H-level
6.371
6.821-6.823
6.826

6.845-6.847
6.853

Devices, Circuits and Systems. This concen-
tration concerns the application of electronics to
the tasks of signal processing and energy
transduction, including synthesis and fabrication
as well as analysis and modeling of compo-
nents, networks, and systems. Examples in-
clude digital and analog circuits and systems;
power electronics, D/A and A/D conversion;
silicon and compound semiconductor physics,
devices and simulation: micromechanical sen-
sors and actuators; quantum physics and
devices: superconductivity.
Header
6.012 Electronic Devices and Circuits
Undergraduate
6.017-6.018
6.151-6.152J
6.301-6.302

Graduate H-level
6.331-6.334
6.371-6.373
6.730-6.732
6.751

6.313
6.611
6.720

Electrodynamics and Energy Systems. This
concentration concerns the applications of
Maxwell's equations and the Lorentz force law
to quasistatic and electrodynamic systems and
media. Examples include power systems;
rotating machinery; electromechanical actua-
tors, sensors, and systems; dielectric physics
and high-voltage engineering; electromagnetic
wave theory; radio, microwave, and optical
systems; electrodynamics of plasmas and
fusion energy systems; lasers, nonlinear optical
interactions, and optical information processing;
and electrophysiological and electrochemical
systems.
Header
6.013 Electromagnetic Fields and Energy
or
6.014 Electrodynamics
Undergraduate
6.014 or 6.013
6.312

Graduate H-level
6.334
6.453
6.561 J
6.630-6.631

6.601-6.611
22.061

6.633-6.651 J
6.661-6.671
6.673-6.686

Theoretical Computer Science. This concen-
tration is characterized by the use of mathemat-
ics to better understand computation. The
subarea of complexity theory studies the limits
and capabilities of various models of computa-
tion, as well as the relationships among models.
In the subarea of algorithms, the efficient use of
computational resources - such as time,
memory, and the number processors -is ex-
plored. The subarea of semantics studies the
expressiveness of computer languages. Topics
within theoretical computer science are drawn
from the entire range of computer science, from
artificial intelligence to systems engineering, but
with an emphasis on formal reasoning.
Header
6.046J Introduction to Algorithms
Undergraduate
6.044J-6.045J

Graduate H-level
6.336
6.830J
6.840J-6.841J
6.848J

18.433

6.851J
6.852J
6.854J-6.858J
6.875J

6.763
6.771-6.772
6.774-6.776J
6.781
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Doctoral and Predoctoral
Programs

VI-A Internship Program

The VI-A Internship Program combines indus-
trial and research experience with academic
work through a series of organized assignments
at affiliated companies interwoven with the
regular course of study at MIT Although stu-
dents may stop at the bachelor's degree level,
the VI-A Internship Program is primarily de-
signed to work in conjunction with the five-year
Master of Engineering degree. During that
period, students are expected to complete four
assignments with their cooperating company -
usually three summers and one regular term.
The work of the final two VI-A Internship assign-
ments normally serves as the basis for the
Master of Engineering 24-unit thesis. Elective
academic credit is earned while on assignment
by registering for 6.921 and 6.922 VI-A Intern-
ship. hus, completing the Master of Engineer-
ing program need not take longer under the
VI-A Internship Program than under the regular
program.

Since the VI-A Internship Program maintains a
continuing liaison between the participating
companies and the faculty of the department,
students receive assignments of progressive
responsibility and sophistication that are usually
more professionally rewarding than typical
summer jobs. While on internship assignment,
students are bona fide employees of the partici-
pating company and receive pay as well as
academic credit for their work.

Second-year students may apply for admission
to the VI-A Internship Program during the
annual selection period in February and March.
The department cannot guarantee the accep-
tance of a student into the program, however,
since openings are limited. VI-A students who
stop with a bachelor's degree must have
completed a minimum of two internship
assignments, and may substitute work done on
such assignments for the advanced design
experience, provided it meets the conditions
described earlier, is approved by a faculty
member, and includes both a written and an
oral report at MIT or at the company. The
companies and laboratories participating in the
VI-A Internship Program provide a wide
spectrum of assignments in the various fields of
electrical engineering and computer science, as
well as an exposure to the kinds of activities in
which engineers are currently engaged. In all
cases, VI-A students must remain with the
company with which they start the program. At
the conclusion of the program, students are not
obliged to accept employment with their
company, nor is the company obliged to offer
such employment.

Additional information about the VI-A Internship
Program can be obtained from the Director,
Kevin J. O'Toole, Room 38-473, MIT, Cam-
bridge MA 02139-4307, (617) 253-4644.

The programs of education offered by the
Department of Electrical Engineering and Com-ruter Science at the doctoral and predoctoral
evel have three aspects. First, a variety of
classroom subjects in physics, mathematics,
and fundamental fields of electrical engineering
and computer science is provided to permit
students to develop strong theoretical back-
grounds. Second, more specialized classroom
and laboratory subjects and a wide variety of
colloquia and seminars introduce the student to
the problems of current interest in many fields
of research, and to the techniques that may be
useful in attacking them. Third, each student
conducts research under the direct supervision
of a member of the faculty and reports the
results in a thesis.

Three advanced degree programs are offered in
addition to the Master of Engineering program
described above. A well-prepared student with
a bachelor's degree in an a propriate field from
some school other than MIT (or from another
department at MIT) normally requires about one
and one-half years to complete the formal
studies and the required thesis research in the
Master of Science degree program. (Students
who have been undergraduates in Electrical
Engineering and Computer Science at MIT and
who seek opportunities for further study are
expected to complete the Master of Engineering
rather than the Master of Science degree pro-
gram.) With an additional year of study and
research beyond the master's level, a student
can receive the degree of Electrical Engineer or
Engineer in Computer Science. The doctoral
program usually takes about four and one-half
years beyond the master's level, or five to six
years beyond a bachelor's degree.

There are no fixed programs of study for these
degrees. Each student plans a program in
consultation with a faculty advisor. As the pro-
gram moves toward thesis research, it usually
centers in one of a number of areas, each
characterized by an active research program.
Areas of specialization in the department that
have active research programs and related
graduate subjects include systems, communi-
cations, and control; computer science; artificial
intelligence: electronics, computers, and sys-
tems; electromagnetics and dynamics; energy
conversion devices and systems; materials and
devices; VLSI system design and technology;
communication and probabilistic systems;
operations research; optics and quantum elec-
tronics; bioelectrical engineering; and high-vol-
tage radiation engineering.

In addition to graduate subjects in electrical
engineering and computer science, many
students find it profitable to study subjects in
other departments such as Biology, Economics,
Linguistics and Philosophy, Management,
Mathematics, Physics, and Brain and Cognitive
Sciences.

The informal seminar is an important mecha-
nism for bringing together members of the
various research groups. About 16 seminars
meet every week. In these, graduate students,
faculty, and visitors report their research in an
atmosphere of free discussion and criticism.
These open seminars are excellent places to
learn about the various research activities in the
department.

Research activities in electrical engineering and
computer science are carried on by students
and faculty in laboratories of extraordinary range
and strength, including the Laboratory for
Information and Decision Systems, Research
Laboratory of Electronics, Laboratory for Com-
puter Science, Artificial Intelligence Laboratory,
Center for Materials Science and Engineering,
Laboratory for Electromagnetic and Electronic
Systems, Energy Laboratory, Center for Space
Research, Lincoln Laboratory, High-Voltage
Research Laboratory, Media Laboratory. Francis
Bitter National Magnet Laboratory, Operations
Research Center, Plasma Fusion Center, and the
Microsystems Technology Laboratories. Full
descriptions of many of these laboratories,
including a list of current projects, may be
found in Chapter VI.

Requirements for Doctoral or Predoctoral
Study

Because the backgrounds of applicants to the
department's doctoral and predoctoral pro-
grams are extremely varied both as to field
(electrical engineering, computer science,
physics, mathematics, biomedical engineering,
etc.) and as to level (bachelor's or master's) of
previous degree, no specific admissions re-
quirements are listed. All applicants for any of
these advanced programs will be evaluated in
terms of their potential for successful comple-
tion of the department's doctoral program.
Applicants with unusual academic backgrounds
are encouraged to communicate directly with
facultY members in their proposed area of study
for a vice. In any case, superior achievement in
relevant technical fields is considered particular-
ly important.
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Master of Science In Electrical Engineering
and Computer Science

The general requirements for the degree of
Master of Science are given in Chapter IV The
department requires that the program include at
least four formal graduate-level classroom or
laboratory subjects (listed as H-level subjects).
Students working full-time for the Master of
Science degree may take as many as four
classroom subjects per term. The subjects are
wholly elective and are not restricted to those
given by the department. The program of study
must be well balanced, emphasizing one or
more of the theoretical or experimental aspects
of electrical engineering or computer science. A
24-unit thesis is required. This program is not
open to students who have been undergradu-
ates in Electrical Engineering and Computer
Science at MIT, who are expected to complete
the Master of Engineering degree instead.

Electrical Engineer or Engineer in Computer
Science

The general requirements for an engineer's
degree are given in Chapter IV These degrees
are designed for those able students who seek
more extensive training and research experi-
ences than are possible within the Master of
Engineering or Master of Science programs.
Admission to the engineer's program is usually
granted late in a master's program and depends
upon a superior academic record, outstanding
progress on a thesis, and successful perform-
ance on an oral examination. The course of
studies consists of at least eight approved
graduate subjects beyond the subject and
thesis requirements for a Master of Engineering
or Master of Science degree.

Doctor of Philosophy or Doctor of Science

The general requirements for the degree of
Doctor of Philosophy or Doctor of Science are
given in Chapter IV. Doctoral candidates are
expected to participate fully in the educational
program of the department and to perform
thesis work which is a significant contribution to
knowled e. As preparation, MIT students in the
Master of Engineering in Electrical Engineering
and Computer Science program will be ex-
pected to complete that program. Non-MIT
students who have received a bachelor's de-
gree, but who have not completed a master's
degree program, will normally be expected to
complete the requirements for the Master of
Science degree described earlier, including a
thesis. Students who have completed a master's
degree elsewhere without a thesis, will be
required to register for and carry out a research
accomplishment equivalent to a Master of
Engineering thesis before being allowed to
proceed in the doctoral program.

Doctoral candidates in computer science are
required to demonstrate preparation in several
areas considered by the faculty to be funda-
mental to advanced study in computer science
at MIT This is done by taking designated gradu-
ate subjects or by taking written examinations in
these areas. Doctoral candidates in areas other
than computer science are required to take a
written examination in January of the first year of
registration in the doctoral program.

An oral examination administered by the gradu-
ate areas is required by the end of the third term
of graduate work. To be eligible to take this
exam, students must have completed the
requirements for a bachelor's degree and
turned in an accepted master's thesis (or an
equivalent research project). Department sup-
port will not be available to graduate students
beyond the third term unless this exam has
been taken.

Another examination with both written and oral
components, focused in the student's research
area, is normally taken in the third year.

A thesis examination is required when the thesis
research is completed. An approved minor
program is also required.

Joint MIT-Woods Hole Oceanographic
Institute Program Course VI-W

A joint program with WHOI is intended for
students whose primary career objective is
oceanographic engineering. Students divide
their academic and research efforts between the
campuses of the two institutions. The program
is described in more detail under the section at
the end of this chapter on MIT's Joint Program
in Oceanography and Oceanographic Engineer-
ing with the Woods Hole Oceanographic
Institute.

Other Degree Programs

Graduate students enrolled in the department
participate in several of the interdepartmental
degree programs described in Chapter VI.
Among those programs are Biomedical Engi-
neering, Operations Research, and Technology
and Policy.

Fellowships and Research and Teaching
Assistantships

Studies toward an advanced degree can be
supported by personal funds, by an award such
as the National Science Foundation Fellowship
(which the student brings to MIT), by a fellow-
ship or traineeship awarded by MIT, or by a
graduate assistantship. Assistantships require
participation in research or teaching in the
department or in one of the associated laborato-
ries. Assistants normally register for two or three
scheduled classroom or laboratory subjects,
depending upon the terms of their appoint-
ments, and may receive additional academic
credit for their participation in the teaching or
research program. A brochure entitled Research
and Graduate Study in Electrical Engineering
and Computer Science at MIT, which describes
research and teaching opportunities in detail,
may be obtained from the department.

Inquiries

Additional information concerning graduate
academic and research programs, admissions,
financial aid, and assistantships may be ob-
tained from the Electrical Engineering and
Computer Science Graduate Office Room
38-444, MIT, Cambridge MA 02139-4307, (617)
253-4605.
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Department of Materials Science
and Engineering
(Course 3)

Faculty and Staff

Merton Corson Flemings, Sc.D.
Toyota Professor of Materials Processing
Head of the Department

Professors

Samuel Miller Allen, Ph.D.
Professor of Physical Metallurgy

Robert Weierter Balluffi, Sc.D.
Professor of Physical Metallurgy

Joel Phillip Clark, Sc.D.
Professor of Materials Systems

Thomas Waddy Eagar, Sc.D.
Co-Director, Leaders for Manufacturing
Program
Richard P Simmons Professor of Metallurgy
and Materials Engineering

Linn Walker Hobbs, D.Phil.
John F Elliott Professor of Materials

Klavs Flemming Jensen, Ph.D.
Joseph R. Mares Professor of Chemical
Engineering and Professor of Materials Science
and Engineering

Keith Huber Johnson, Ph.D.
Professor of Materials Science

Lionel C. Kimerling, Ph.D.
Thomas Lord Professor of Materials Science
and Engineering

Ronald Michael Latanision, Ph.D.
Professor of Materials Science
Chairman, Council on Primary and Secondary
Education
Director, H.H. Uhlig Corrosion Laboratory

Heather Nan Lechtman, M.A.
Professor of Archaeology and Ancient
Technology
Director, Center for Materials Research in
Archaeology and Ethnology

Koichi Masubuchi, Ph.D.
Kawasaki Professor of Engineering

Frederick Jerome McGarry, S.M.
Professor of Civil Engineering and Polymer
Engineering
Director, Summer Session

Regis Marc Noel Pelloux, Sc.D.
Professor of Materials Engineering

Robert Michael Rose, Sc.D.
Professor of Materials Science and Engineering
Director, Concourse Program

Michael Francis Rubner, Ph.D.
Professor of Polymer Physics

Kenneth Calvin Russell, Ph.D.
Professor of Metallurgy and Nuclear
Engineering

Donald Robert Sadoway, Ph.D.
Professor of Materials Chemistry

Julian Szekely, D.Sc., Ph.D.
Professor of Materials Engineering

Edwin L. Thomas, Ph.D.
Morris Cohen Professor of Materials Science
and Engineering
Director, Program in Polymer Science and
Technology

Carl Vernette Thompson IlIl, Ph.D.
Professor of Electronic Materials

Harry Louis Tuller, Eng.Sc.D.
Sumitomo Electric Industries Professor of
Ceramics and Electronic Materials
Director, Crystal Physics and Optical Electronics
Laboratory

John Bruce Vander Sande, Ph.D.
Cecil and Ida Green Distinguished Professor
Associate Dean of Engineering

August Ferdinand Witt, Ph.D.
TDK Professor of Materials Science and
Engineering
MacVicar Faculty Fellow

Bernhardt John Wuensch, Ph.D.
Professor of Ceramics

loannis Vassiliou Yannas, Ph.D.
Professor of Polymer Science and Engineering

Associate Professors

Ronald George Ballinger, Sc.D.
Associate Professor of Materials Science and
Engineering and Nuclear Engineering

Stuart Bryan Brown, Ph.D.
Richard P Simmons Associate Professor of
Materials Manufacturing

Peggy Cebe, Ph.D.
Associate Professor of Polymer Physics

Yet-Ming Chiang, Sc.D.
Kyocera Associate Professor of Ceramics

Michael John Cima, Ph.D.
Norton Associate Professor of Ceramics
Processing

Andreas Mortensen, Sc.D.
Associate Professor of Mechanical Metallurgy

David Kaye Roylance, Ph.D.
Acsociate Professor of Materials Engineering

Assistant Professors

Gerbrand Ceder, Ph.D.
Alcoa Assistant Professor of Materials Science
and Engineering

David C. Dunand, Ph.D.
AMAX Assistant Professor of Materials
Engineering

Kirk D. Kolenbrander, Ph.D.
Assistant Professor of Electronic Materials

Anne M. Mayes, Ph.D.
Assistant Professor of Polymer Physics

Manuel Oliveria, Ph.D.
Assistant Professor of Materials Science and
Ceramics

Uday Bhanu Pal, Ph.D.
John Chipman Assistant Professor of Chemical
Processing of Materials

Visiting Professor

Harold David Brody, Sc.D.
Professor of Metallurgy and Materials Science

Metin Yerebakan, Ph.D.
Professor of Materials Science and Engineering

Adjunct Professor

Robert Alfred Laudise, Ph.D.
Adjunct Professor of Crystallography and
Electronic Materials

Senior Lecturers

Morris Cohen, Sc.D., D.Tekn.
Harry Constantine Gatos, Ph.D., Sc.D.
Nicholas John Grant, Sc D
James D. Livingston, Ph.D.
Walter Shepherd Owen, Ph.D.
David Vincent Ragone, Sc.D.

Lecturer

Dorothy Hosler, Ph.D.
Esther and Harold E. Edgerton Associate
Professor of Archaeology and Ancient
Technology
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Technical Instructors

Joseph A. Adario
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Overview

Materials science and engineering comprises
the generation and application of materials-re-
lated knowledge. It is concerned with the struc-
ture and properties of materials, and the control
of structure and properties through processing.
Engineering goals include new materials for
improved devices and machines; they also
include lower-cost materials and processes for
improved industrial productivity and competi-
tiveness. Materials science and engineering is
critical to all other fields of engineering, and
advances in these other fields are often limited
by advances in materials.

Materials with which the department concerns
itself include electronic materials, ceramics,
metals, and polymers. Modern computers and
other electronic devices rely heavily on new
electronic materials. Similarly, new ceramics and
modern metal alloys are critical to high
performance engines including aerospace
engines: polymeric materials continue to show
startling improvements for many engineering
applications.

Cutting across these four materials classes are
the basic science and engineering of materials.
Materials science emphasizes the study of the
structure of materials and of structure-property
relations in materials. It is the physics and
chemistry of real materials. Almost all of the
properties of importance to an engineer are
structure-sensitive; that is, they can be modified
in significant ways by changing the chemical
composition, the arrangement of the atoms or
molecules in crystalline or amorphous configu-
rations, or the size, shape, and orientation of the
crystals or other macroscopic units of a solid. To
understand how the useful properties of a
material can be modified, it is necessary to
understand the relationships between structure
and properties and how the structure can be
changed and controlled by the various chemi-
cal, thermal, mechanical, or other treatments to
which a material is subjected during manufac-
ture and in use. The fundamental understanding
of materials developed through materials sci-
ence has replaced empiricism as the basis for
development of new materials. Whole classes of
new materials such as semiconductors, super-
conductors, and some high temperature alloys
have their roots in modern materials science.

All recent achievements in materials have de-
pended as much on developments in materials
engineering as they have on materials science.
When developing processes for preparation and
production of materials, and when designing
materials for specific applications, the modern
materials engineer must have a grasp of the
modern engineering sciences including heat
and mass transfer, and chemical kinetics. He or
she must also have a proper concern for eco-
nomic, social, and environmental factors.
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Undergraduate Study

Materials processing is a major part of materials
engineering. Improved performance of materials
depends directly on advances in processing.
There are also many examples of challenging
engineering problems in reducing the cost and
improving the productivity of industrial process-
ing of materials. The department has strong
academic and research activities in all aspects
of the processing of materials, as well as in
other parts of materials engineering.

The links between materials engineering and
materials science are very strong, and the two
activities are interwoven in the department.
There are some subjects that all students of
materials should know: thermodynamics, kinet-
ics, and certain aspects of solid mechanics,
physics, and chemistry. Suitable core subjects
in these areas are provided at the undergradu-
ate and graduate levels. In addition, subjects
covering a wide variety of topics, from solid-
state physics to the analysis of materials sys-
tems, are offered. By selecting appropriate
subjects, the student can follow many different
paths through the science and engineering of
materials, with emphasis on engineering, sci-
ence, or a mixture of the two.

Materials science and materials engineering
disciplines seek to identify and understand the
principles, phenomena, and ideas that are basic
to all materials. Many large industries today
manufacture products containing a great variety
of different materials, and their materials engi-
neers must acquire a working understanding of
the basic behavior of all of them. However, there
also are many large industries in which a single
class of material (e.g., steel, polymers, glasses)
is manufactured and processed, and their
materials experts must have a knowledge of.
various aspects of the science and engineering
of one class of material. Thus, programs are
provided in the department that enable a stu-
dent to specialize in the science and engineer-
ing of ceramics, electronic materials, metals, or
polymers.

Materials engineers and materials scientists,
whether generalists or specialists in a particular
class of material, are in continually high demand
by industry and government for jobs in re-
search, development, production, and manage-
ment. They find challenging opportunities in a
wide variety of important positions in operations,
development, and research in the fast-growing
electronics industry, in aerospace, in consumer
industries, and in the basic materials preparation
and producing industries.

Bachelor of Science in Materials
Science and Engineering
Course Ill

The undergraduate program is intended to
serve the needs of students who intend to
pursue employment in materials-related indus-
tries immediately upon graduation, as well as
those who will do graduate work in the engi-
neering or science of materials. The program is
designed to be started at the beginning of the
sophomore year, although it can be started later
with some loss of scheduling flexibility.

The first three terms of the program contain
required core subjects which address the
fundamental relations between processing,
microstructure, properties, and applications of
modern materials. The core subjects are fol-
lowed by a sequence of restricted electives
which provide more specialized coverage of the
four major classes of modern materials: ceram-
ics, electronic materials, metals, and polymers.
A thesis is required of Course Ill students, which
provides an opportunity for original work be-
yond that which occurs elsewhere in the pro-
gram. The degree program in Course Ill (and
also Course Ill-B) is accredited by the Accredi-
tation Board for Engineering and Technology
the Ill-A program is not formally accredited.

The program is designed to permit a typical
term course load of two departmental program
subjects, one HASS subject, and one elective
subject. Departmental advisors work with stu-
dents to arrange effective schedules, and also
to assist in selecting elective subjects suitable to
the student's needs and interests. While the
program should satisfy the academic needs of
most students, petitions for variations or substi-
tutions may be approved by the Departmental
Undergraduate Committee: students should
contact their advisors for guidance in such
cases.

Participation in laboratory work by undergradu-
ates is an integral part of the curriculum. The
department requires that all students take the
two-subject laboratory sequence, 3.081 Materi-
als Laboratory and 3.082 Materials Processing
Laboratory, which offers exposure to all materi-
als classes: metals, ceramics, polymers, and
electronic materials. The undergraduate student
also has access to extensive facilities for re-
search in materials as part of UROP and thesis
projects. Engineering design figures prominent-
ly in a substantial portion of the laboratory
exercises. Students develop communication
skills by reporting data in a variety of ways.

The department has modern undergraduate
materials teaching laboratories containing a
wide variety of materials processing and charac-
terization equipment. Most types of refractory
and electrical ceramics and glasses can be
prepared and their properties studied. Facilities
for the growth of metallic and non-metallic
crystals are available. Equipment is available for
the study of heat and mass flow and for thermo-
dynamic and kinetic investigations at high
temperatures. Deformation, solidification, join-
ing, and vapor deposition may be carried out.

The laboratories include facilities for polymer
synthesis. Materials may be characterized by
optical and electron optical techniques, diffrac-
tion, and spectrosocopy. Equipment for a
variety of electrical, optical, magnetic, and
mechanical property measurements is main-
tained in these laboratories.

Bachelor of Science in Materials
Science and Engineering
Course iII

CLASS OF 1997 or later: See Notes on Course III below.

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities. Arts, and Social Sciences Requirement 8

Restricted Electives In Science and Technology (REST)
Requirement** (two subjects can be satisfied by 3 00. 3.10, or
3.13, and by 18 03 or 18 034 in the Departmental Program] 3

Laboratory Requirement [can be satisfied by 3 081 in the
Departmental Program] 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in ita/ics)

Required Subjects' 120

3,00 Thermodynamics of Materials. 12. REST 18 02

3.01 Physical Chemistry of Materials, 12 3 00*

3 041 Undergraduate Research Seminar 3

3081 Materials Laboratory. 12, LAB

3,082 Materials Processing Laboratory, 12: 3.01. 3081.
3.13

3.10 Chemical Physics of Materials. 12, REST, 3.091*,
8,02, 1803

3.11 Mechanics of Materials. 12: 3 01. 3.13

3.13 Structure of Materials. 12. REST 3 091*, 8.02,
18.02

3.185 Transport Phenomena/n Materials Engineering
12: 3.01. 18.03

18.03 Differential Equations, 12, REST 18.02*

or

18034 Differential Equations, 12. REST 18 02*

3 ThU Thesis (9 units)2
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Restricted Electives' at least 48

At least 4 subjects chosen from the following list:

Ceramics

3069 Ceramics Processing, 12; 3.185

307 introduction to Ceramics. 12: 3.01*, 3.13

Electronic Materials

3 15 Electrical. Optical, and Magnetic Materials and
Devices, 12: 3.10

3.155,J Microelectronics Processing Technology. 12 3.15*

3.156 Electronic Materials Project Laboratory, 12; 3 155J

Metallurgy

3.03 Chemical Metallurgy. 12: 3.185

3.14 Physical Metallurgy. 12; 3.01*, 3.11: 3.13

Polymers

3 062 Polymer Chemistry. 12; 3.091*

3.063 Polymer Physics, 12. 3.062, 3.00

3.064 Polymer Engineering. 12. 3.11, 3.185

Departmental Program units that also satisfy the QIRs (36)

Unrestricted Electives 48

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GiRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both

Notes on Course Il

CLASS OF 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two. keeping the
total number of GIRs constant at 17.

'Substitution of similar subjects may be permitted by petition.

2Students can elect up to 15 units.

*Alternate prerequisites are listed in the subject description

*The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.

Bachelor of Science
Course IlIl-A

Some students may be attracted to the many
opportunities available in the materials disci-
pline, but also have special interests which are
not satisfied by the conventional Course Ill or
Course IlIl-B programs. The Ill-A program may
be of value in such cases; it is a more flexible
curriculum in which a larger number of elective
choices is available. For instance, some stu-
dents may wish to take more biology subjects in
preparation for medical school, or more man-
agement subjects prior to entering an MBA
program.

This more flexible program is not suitable for
most students; it is not formally accredited and
does not serve well as preparation for most
employment or graduate study in materials.

For this reason, admission to the program is
granted only when the student has a very clear
set of academic objectives which cannot be
satisfied by the accredited programs. Students
considering this program should contact Profes-
sor Samuel M. Allen, who will counsel the
student more fully on the academic consider-
ations involved. Under his guidance, the student
will prepare a complete plan of study which
must be approved by the Departmental Under-
graduate Committee. This approval must be
obtained no later than the beginning of the
student's junior year. Students are then required
to adhere to this plan.

The Ill-A program is not intended to be used for
a douible degree program.

The curriculum requirements for Course ill-A
are similar to, but more flexible than, those for
Course 111. Four subjects are to be selected
from among 3.00, 3.01, 3.10, 3.11, 3.13, 3.185,
and 18.03 or 18.034; one laboratory subject,
3.081; and any three subjects from among the
Restricted Electives shown under Course Ill.
Alternatively, 3.082 may be substituted for one
of the three Restricted Elective subjects. In
addition, the student and his or her advisor
should develop a program of six planned elec-
tive subjects, which are not specified in terms of
department, in order to attain the goal defined
by the student. Further details on the degree
requirements and planned elective programs
may be obtained from the department.

Bachelor of Science in Materials
Science and Engineering
Course Ill-B

This program provides a student with industrial
experience concurrently with academic work
through cooperative work assignments matched
to the student's capabilities. Together with a
company representative, a faculty advisor is
assigned to each student to act as cosupervisor
during his or her work assignments. Care is
taken to ensure a more challenging and reward-
ing experience than is typical of most summer
jobs. Students earn a salary during their work
periods and also receive academic credit.
Growth in job responsibility is expected as the
student progresses.

Admission to the program is preferably obtained
during the second year so that the work periods
follow during that summer and the summer of
the third year. This work program, properly
reported, may be used to satisfy the undergrad-
uate thesis requirement.

Students who wish to go on to graduate school
under the auspices of the Ill-B program have
the opportunity to earn an S.M. degree. At the
end of the senior year, such students complete
two terms of industrial practice and a minimum
of one term of on campus study, during which
time they may complete the subject require-
ments of the S.M. degree and an S.M. thesis.
Students exercising this option must follow the
normal procedures for application to the Gradu-
ate School.

Students electing the Engineering Internship
Program, which is described in detail at the
beginning of the School of Engineering in this
chapter, would register in Course Ill-B.

The curriculum for Course Ill-B is the same
as for Course Ill, except that the 12 units of
3.930/3.931 Industrial Practice are substituted
for the thesis. Further details may be obtained
from the department.

Minor Program

The Minor in Materials Science and Engineer-
ing consists of seven undergraduate subjects
from the list of Required Subjects and Re-
stricted Electives in the departmental program
(though not including 3.041 or 3 ThU).

At least one of the Minor Program subjects must
be from the department's list of Restricted
Electives, including 3.082 Materials Processing
Laboratory.

With the approval of the Minor Advisor, it is
possible to substitute one subject taken outside
the department for one of the Course IlIl sub-
jects in the Minor Program, provided that the
coverage of the substituted subject is similar to
one of those in the departmental program.
Acceptable Minor Programs can include 18.03
(or 18.034) and at most one substituted subject.

The department's Minor Advisor will ensure that
individual Minor Programs form a coherent
group of subjects. Because of the breadth of
the undergraduate program in the department,
and the variety of possibilities for specialization,
the Minor Program is flexible in its composition.
Examples of Minor Programs in Materials Sci-
ence and Engineering, with specializations in
the areas of Materials Science, Materials Engi-
neering, Ceramics, Electronic Materials, Metal-
lurgy, and Polymers, can be obtained from the
department. Other suitable programs may be
composed through consultation between stu-
dents, the Minor Advisor, and the Undergradu-
ate Committee.

For a general description of the Minor Program,
refer to Chapter IlIl.

Inquiries

Additional information regarding undergraduate
programs may be obtained from Professor S. M.
Allen, Room 8-303, MIT, Cambridge, MA
02139-4307, (617) 253-3855.
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Graduate Study

Departmental Degrees

The department offers the degrees of Doctor of
Philosophy and Doctor of Science in Ceramics,
in Electronic Materials, in Materials Engineering,
in Materials Science, in Metallurgy, and in
Polymers. It offers the degree of Master of
Science in Materials Science and Engineering
and also offers the degrees of Materials
Engineer and Metallurgical Engineer.

The fields are described briefly below. A de-
scription of 15 to 20 elective subjects in each of
these fields is provided in Chapter VIII and in
literature available from the department. The
subjects 3.20 Thermodynamics of Materials and
3.21 Kinetic Processes in Materials are basic to
all degree programs and constitute a required
core for all graduate students enrolled in doctor-
al programs in the department. This require-
ment may be waived upon petition to the De-
partmental Committee on Graduate Students if it
can be demonstrated that equivalent coverage
of this material has been secured in previous
study.

Ceramics. The field of ceramics is concerned
with the science and engineering involved in the
manufacturing, processing, and utilization of a
wide range of inorganic materials, including
oxides, nitrides, carbides, silicates, and more
complex compounds. Ceramic materials are
essential to many diverse industries. In recent
years, a large research and development effort
has resulted in important extensions of the
useful properties of traditional ceramics and has
led to the development of many exciting new
materials including electroceramic, electrooptic,
and structural ceramics.

Electronic Materials. The field of electronic
materials is concerned with the science and
technology of materials for semiconducting,
magnetic, optical, and superconducting device
applications. Further, the field is concerned with
the design and realization of useful materials
through understanding and control of the
interplay between electronic processes and
structural aspects - atomic arrangements,
defects, interfaces, and phase constitution and
morphology. Research within this field includes
electronic materials processing in bulk and
thin-film form; characterization of the semicon-
ducting, optical, and magnetic properties of
crystalline and amorphous materials in relation
to their microstructure and composition; and
theoretical and experimental study of the elec-
tronic characteristics of solid-solid, solid-liquid,
and solid-gas interfaces and their implications
for devices.

Materials Engineering. Materials engineering is
concerned with technically and economically
feasible solutions to problems of materials
production and utilization. It involves the synthe-
sis of fundamental and practical knowledge to
develop, produce, modify, and apply materials
to meet specific needs. Research within the field
involves issues relating to physical and chemical
aspects of materials extraction, production, and
utilization, to problems of innovation, cost,
quality, and reliability, and to societal and envi-
ronmental concerns.

Materials Science. Materials science is the
study of common principles and fundamental
phenomena that underlie the structure and
properties of a wide range of materials - metals,
ceramics, polymers, and electronic materials -
which are frequently used in combination. The
common principles involved are those asso-
ciated with electronic structure and bonding,
atomic arrangement, phase stability, and the
role of imperfections and microstructure. Funda-
mental phenomena considered include structur-
al and phase transformations; reactivity; mass
and charge transport; interface behavior; and
the optical, electronic, and mechanical re-
sponses to internal and external stimuli. In
studying these principles and phenomena,
materials science employs many characteriza-
tion approaches, drawing heavily on diffraction
and imaging methods, as well as microanalysis
and computer modeling, to provide coherent
descriptions of materials structure and structural
imperfections to which particular materials
properties can be ascribed.

Metallurgy. This well-established discipline
encompasses the study of metallic materials,
elemental, alloy, and composite. It includes the
processing of ores and minerals; extracting and
refining of metals by chemical processes;
melting, alloying, and casting of metals; and
control of structure by techniques such as heat
treatment and mechanical working. The rela-
tions between composition, structure, and
properties of metallic materials and the study of
the behavior of metals under service conditions
are important parts of the field. Metallurgy is
viewed as a coherent discipline and all candi-
dates are expected to have a working knowl-
edge of both chemical and physical areas,
though not usually in the same depth. Suitable
programs are likely to be individualistic, and
may be constructed in a number of ways from
the various subjects available.

Polymers. Synthetic high polymers, "plastics,"
are long molecules, the principal constituents of
which are typically carbon, hydrogen, oxygen,
chlorine, and a few other elements. Because of
the unusual nature of carbon bonding, an
infinite number of combinations can be con-
ceived and produced, with virtually all exhibiting
low specific gravity, ease of melt forming, and a
wide range of properties, depending upon
composition, structure, and processing history.
Both the science and the engineering of materi-
als have reached a high level of sophistication in
this field: linear, cross-linked, crystalline, amor-
phous, oriented, glassy, rubbery, strong, stiff,
homopolymers, copolymers, terpolymers,
blends, transparent, opaque, filled, reinforced,
alloys, composites, laminates, and adhesives
are but a few of the descriptive aspects that can
be controlled and manipulated to achieve a
desired profile of properties.

Numerous opportunities exist for a student to
concentrate on specific areas of polymer sci-
ence or engineering; physical properties, me-
chanical behavior, chemical synthesis and
modification of surface characteristics, environ-
mental interactions, and combinations with other
substances are a few examples. Each student
pursues a particular program of study and
research consistent with individual interests.

The various graduate fields are not rigidly de-
fined. Each member of the departmental faculty
works in at least two of these fields and a num-
ber of subjects appear in common on the lists
of elective subjects in each degree program;
there is a great deal of interaction between the
fields. The graduate fields are also coupled with
other activities on materials within the Institute.
Faculty from other departments participate in
the departmental teaching and research in these
fields. Subjects offered by other departments
are, whenever appropriate, included in the
recommended electives, and many departmen-
tal students participate in multidisciplinary
research projects with students and faculty from
various parts of the Institute.

Students are expected to learn the fundamen-
tals of their chosen field and to develop a deep
understanding of one or more significant as-
pects of it. The general examinations for the
doctoral degree are designed accordingly. A full
range of advanced-level subjects is offered in
each graduate field, and arrangements can be
made for individually planned study of any
topic. In addition to 3.20 and 3.21, students are
required to take the appropriate core subjects
unless they have taken equivalent subjects
earlier in their careers. The selection of subjects
and decisions about combinations of subjects
that constitute a minor usually require much
thought by the student, as well as consultation
with faculty advisors.
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A large and active research program on the
structure and properties, preparation, and
processing of materials, with emphasis on
ceramics, metals, polymers, and electronic
materials, is conducted in the department.
Graduate research is an important part of the
educational process and much emphasis is
placed on the research thesis. Students choose
research projects from many alternative oppor-
tunities that exist within the department, and
work closely with an individual faculty member.
The results of the research must be of sufficient
significance to warrant publication in the scien-
tific literature. There are a large number of
well-equipped research laboratories in the
department, and there is much interaction
between them, including sharing experimental
facilities and equipment. Most members of the
department are also members of the Center for
Materials Science and Engineering, which
provides and maintains excellent central facilities
including a machine and instrument shop. The
center promotes interdisciplinary research on
materials and is described in Chapter VI.

Master of Science in Materials Science
and Engineering

The department offers a single master's degree
in Materials Science and Engineering, which
may also be taken simultaneously with other
departmental or interdepartmental programs,
such as the Leaders for Manufacturing program.
The general requirements for the master's
degree are given in Chapter IV

The coherent program of subjects (though not
necessarily all Course IlIl subjects) must be
approved by one of the six Degree Program
Registration Officers in Course l1l. The thesis
must be in some area related to materials, and
an internal departmental thesis reader is re-
quired if the student's advisor is outside Course
Ill. Subjects 3.565J. 3.566, 3.576J, 3.577, 3.80J,
3.81J and 3.83J may not be used to satisfy the
requirement that students earn 42 graduate
degree credits in Course IllI subjects.

The department may also recommend awarding
a master's degree without departmental specifi-
cation; the general requirements are given in
Chapter IV The thesis must have something to
do with materials, and an internal departmental
thesis reader is required if the advisor is outside
Course 111.

Master of Science In the Management of
Technology

Students who would like to apply their materials
science and engineering background and at
least five years of technical work experience to
issues in technical management may want to
explore the Management of Technology
Proc ram. Jointly developed and offered by
MIT s School of Engineering and the Sloan
School of Management, this program entails a
rigorous 12-month curriculum, focusing on
management principles for technical people in a
technical environment. The program is
designed for scientists and engineers on a
career path requiring increasing managerial

responsibilities for technical activities. Details of
the program and application procedures are
described in Chapter VI.

Master of Science in Technology and Policy

Students interested in applying their materials
science and engineering background to prob-
lems of policy and socioeconomic assessment
of technology may apply for the interdepart-
mental Master of Science Program in Technolo-
gy and Policy. This program combines subjects
in advanced technology in the particular field of
the student's choosing with subjects in eco-
nomics, systems analysis, political science, and
law. General requirements and application
procedures are described in Chapter VI.

Master of Science in Materials Science and
Engineering and Management

Students planning on applying their engineering
education to a career in the manufacturing
industry may apply for the 24-month Leaders for
Manufacturing Program. This rigorous program
combines subjects in advanced technology with
subjects in management, and involves on-site
research work and close cooperation with
manufacturing companies. The program is
offered jointly through the Sloan School of
Management and the Departments of Aeronau-
tics and Astronautics, Chemical Engineering,
Electrical Engineering and Computer Science,
Materials Science and Engineering, and Me-
chanical Engineering in the School of Engineer-
ing. General requirements and application
procedures are described in Chapter VI.

HST Doctoral Program in Medical
Engineering/Medical Physics (MEMP)

The department offers a joint Ph.D. program in
medical materials science and engineering in
conjunction with the Harvard-MIT Division of
Health Sciences and Technology (HST)
program. Candidates complete coursework in
one of the six graduate degree program
disciplines in the Department of Materials
Science and Engineering before continuing with
medical science coursework and clinical training
in the HST curriculum. The doctoral thesis
research focuses on research on a fundamental
and clinically important problem involving
medical applications of materials science and
engineering. Research can be carried out within
the department or at one of the area hospitals
affiliated with the Harvard-MIT HST Division. To
review other requirements and application
procedures, refer to Chapter VI and the section
Whitaker College of Health Sciences and
Technology later in this chapter.

Simultaneous Award of Two Master of
Science Degrees for Students from Other
Departments

Graduate students may seek two Master of
Science degrees simultaneously or in se-
quence, one awarded by the student's home
department and the other by the Department of

Materials Science and Engineering. The rules
governing this are found in Chapter IV Addition-
al information on requirements that must also be
met to obtain the Master of Science degree
from the Department of Materials Science and
Engineering is available from the department.

Joint MIT-Woods Hole Oceanographic
Institution Program Course Ill-W

A joint program with WHOI is intended for
students whose primary career objective is
oceanographic engineering. The program is
described in more detail under the section
below, Joint Program in Oceanography and
Applied Ocean Science and Engineering With
the Woods Hole Oceanographic Institution.

Requirements for Completion of Graduate
Degrees

The general requirements for completion of
graduate degrees are described in Chapter IV
Students completing a Master of Science de-
gree are required to present a seminar summa-
rizing the thesis. The department requires that
candidates for the doctoral degrees go through
a qualifying procedure before continuing with
their programs of study and research, and that
they satisfy a minor requirement. Information on
this procedure and on the areas covered by the
general examination is available from the Chair-
man of the Departmental Committee on Gradu-
ate Students.

Entrance Requirements for Graduate Study

The general admissions requirements are given
in Chapter IV Programs are arranged on an
individual basis depending upon the preparation
and interests of the student. Those who have
not studied some thermodynamics and kinetics
at the undergraduate level are advised to take
3.01 Physical Chemistry of Materials. Students
wishing to do graduate work in ceramics are
asked to take 3.07 Introduction to Ceramics
unless they have had a similar subject in their
undergraduate programs.

Teaching and Research Assistantships

The department offers assistantships and fellow-
ships for graduate study. Research and teach-
ing assistantships are available in the fields in
which the department is active.

Inquiries

Additional information regarding graduate
programs, admissions, and financial aid, may be
obtained by writing to the Chairman of the
Departmental Committee on Graduate Students,
Professor L. W. Hobbs, Room 8-303, MIT
Cambridge, MA 02139-4307, (617) 253-3329.
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Leaders for Manufacturing Professor of
Mechanical Engineering

Thomas Brown Sheridan, Sc.D., D. (hon)
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President
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Professor of Mechanical Engineering
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Engineering
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Associate Professors
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Associate Professor of Mechanical Engineering
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DuPont Associate Professor of Mechanical
Engineering and DuPont Faculty Fellow

Wai Kong Cheng, Ph.D.
Associate Professor of Mechanical Engineering

Markus Ivo Flik, Ph.D.
Samuel C. Collins Associate Professor of
Mechanical Engineering
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Associate Professor of Civil and Mechanical
Engineering

Harri K. Kytomaa, Ph.D.
Associate Professor of Mechanical Engineering

John H. Lienhard V, Ph.D.
Associate Professor of Mechanical Engineering

Carl Richard Peterson, Sc.D.
Associate Professor of Mechanical Engineering

Emanuel Michael Sachs, Ph.D.
Associate Professor of Mechanical Engineering

Alexander Henry Slocum, Ph.D.
D. Fort Flowers Career Development Associate
Professor of Mechanical Engineering

Jean-Jacques Emile Slotine, Ph.D.
Associate Professor of Mechanical Engineering
and Information Sciences

Kamal Youcef-Toumi, Sc.D.
Associate Professor of Mechanical Engineering

Assistant Professors

Anuradha M. Annaswamy, Ph.D.
Hatsopoulos Career Development Assistant
Professor of Mechanical Engineering



174 School of Engineering

~ista-4

Jung-Hoon Chun, Ph.D.
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Milos Konopasek, Ph.D.
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Principal Research Engineer

Mark Johnson, Ph.D.

Senior Research Associate

David Parks Hoult, Ph.D.
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Mehmet Sengun, Ph.D.
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Patrick Leehey, Ph.D.
Professor of Mechanical Engineering, Emeritus
Senior Lecturer

Shih-Ying Lee, Sc.D.
Professor of Mechanical Engineering, Emeritus
Senior Lecturer

Robert Wellesley Mann, Sc.D.
Professor of Mechanical Engineering, Emeritus
Senior Lecturer

Frank Ambrose McClintock, Ph.D.
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Professor of Mechanical Engineering, Emeritus
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Professor of Mechanical Engineering, Emeritus
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Engineering is a creative profession concerned
with combining human, material, and economic
resources to satisfy the needs of society. Me-
chanical engineering is one of the broadest and
most versatile of the engineering professions.

The educational program in mechanical engi-
neering prepares students for professional
practice in an era of rapidly advancing tech-
nology. It combines a strong base in the engi-
neering sciences (mechanics and materials,
fluid and thermal sciences, design, and systems
and control) with project-based laboratory and
design experience. It strives to develop inde-
pendence, creative talent, and leadership as
well as the capability for continuing professional
growth.

Several broad areas of professional concentra-
tion described below illustrate the rewarding
career opportunities for mechanical engineering
graduates in the years ahead.

Energy Conversion and Conservation. This
area includes the technology associated with
the design, construction, and operation of
equipment for energy conversion and
conservation, especially the conversion of
thermal, nuclear, chemical, mechanical, and
electrical energy. New concepts of interest are
in turbines, generators, boilers, and internal
combustion engines, as well as heat pumps,
fuel cells, thermionic converters, and solar
heating systems.

Given the importance of energy supply, this field
is fundamental to our economy. Mechanical
engineering provides a broad background for a
career in almost all aspects of the power and
energy industries.

Environmental Engineering. The approach to
environmental problems reflects the goals of
designing technologies, minimizing environ-
mental degradation, and conserving limited
material and energy resources. Examples
include modeling the transport of pollutants in
air and in water: increasing water supplies by
desalinating salt water and by purifying waste
waters; remediating hazardous waste sites;
recycling solid wastes; increasing the durability
of capital and consumer goods: controlling the
ecological impacts of thermochemical pollut-
ants: regulating thermal pollution by upgrading
the heat-transfer technology of cooling towers:
improving food supplies by exploiting the
potentials of sewage and thermal wastes: and
reducing the levels of toxic chemicals emitted
from automobiles, aircraft, and various industrial
facilities.

These diverse activities in the department share
a common commitment to reducing environ-
mental hazards while converting potential liabili-
ties into material and energetic assets. This
commitment demands an understanding of
physical, chemical, and biological aspects as
well as of ecological processes.

Biomedical Engineering. There is a growing
recognition of the enormous potential of science
and engineering for the advancement of human
health. This includes deeper understanding of
physiology, advanced methods of medical

diagnosis and therapy, more effective and
economical health care systems, and the
development of devices concerned with all the
above.

An undergraduate foundation in engineering
can be directed either toward a career as a
biomedical engineer, or toward medical school
and practice and research in medicine. With its
subject offerings in biomedical engineering and
extensive research programs in medically
related topics, the Department of Mechanical
Engineering provides an excellent undergradu-
ate base for either of these directions. Ample
opportunity exists, through project laboratories
and theses, for engineering-based medical
research and clinical experience.

Manufacturing and Materials Processing.
Mechanical engineers have a strong interest in
the production of equipment, components, and
materials. The manufacturing industry com-
prises a major element of the economy, and its
productivity strongly influences domestic living
standards and competitive positions in interna-
tional trade.

Industrial production encompasses a range of
subject areas from pure research to technical
management, including physics of manufactur-
ing processes: design and control of manufac-
turing processes and machinery: design, imple-
mentation, and operation of complex
manufacturing systems; and optimization of
processes and products relative to societal
needs. This field includes computer-controlled
automation of complete manufacturing systems,
and robotics.

Mechanics and Materials. More than ever, new
concepts in design, the use of new materials,
and the economic need to conserve materials
are challenging the ingenuity and resourceful-
ness of today's engineers in the area of me-
chanics and materials. A disciplinary program in
mechanics and materials has many diverse
applications, and may include subjects on the
static and dynamic behavior of structures,
acoustics, mechanics of continua, mechanical
behavior of conventional and newly established
engineering materials, and modern methods of
computational mechanics to analyze solids and
structures.

Information. Mechanical engineers are increas-
ingly concerned with information utilization and
management at device, machine, and organiza-
tional levels. Electromechanical devices, trans-
portation vehicles, robots, machine tools, and
many other pieces of mechanical equipment are
now made "intelligent" by the incorporation of
sensors, knowledge, and decision-making
capabilities as part of their operational functions
at the design stage. Mechanical engineers
educated in these aspects of engineering have
a unique opportunity to improve the efficiency
and efficacy of engineering solutions.

Mechanical Engineering Design. Design, in
the engineering sense of deliberate creation of
something new and useful, is at the heart of
most of the diverse fields in mechanical engi-
neering. Design in itself can be rewarding, and



176 School of Engineering

core subjects provide the broad background
upon which advanced design subjects in spe-
cific disciplinary fields are built. Undergraduate
and graduate experience includes subjects
ranging from introduction to design through
machine elements, design projects, and com-
puter-aided design, to advanced design proj-
ects offering an opportunity to develop proto-
type equipment. Several thesis topics each year
are strongly oriented toward design, with ample
opportunity to conceive, design, build, and test
innovative solutions to real-world problems.

Transportation. The transportation of people
and goods vitally affects the economy and the
quality of life. The growing need for better
transportation services coupled with increasing
emphasis on safety, environmental protection,
and energy conservation creates many new and
satisfying opportunities for mechanical engi-
neering graduates to contribute to this important
field. Mechanical engineering encompasses the
basic technologies of transportation, including
structures (vehicles, guideways, and terminals),
power and propulsion, and automation and
control. The core program provides a sound
background for entering almost any of the many
transportation fields, but particularly those
related to ground transportation.

Systems, Computers, and Control. This field
centers on the analytical modeling, computer
simulation, and control of all types of engineer-
ing systems. It includes the application of
computers to engineering analysis, optimization,
and design, and the use of feedback tech-
niques and associated hardware to automate or
control physical devices or processes. The
microprocessor is revolutionizing the design of
devices in such developing fields as manufac-
turing, energy conservation, transportation
pollution control, and health care.

Mechanical engineering provides the strong
engineering-science base needed for profes-
sional work in this field. A range of basic and
applied subjects and laboratories in automatic
control, system dynamics, computers, and
computer hardware design are available. Educa-
tional opportunities are enhanced by local
facilities which allow students hands-on experi-
ence in digital, analog, and hybrid computers
along with interactive graphics.

Research Laboratories and Programs

The department is organized into four divisions
and four system research groups. The disciplin-
ary divisions are mechanics and materials,
thermal and fluid sciences, control, and systems
and design. The system research groups are
manufacturing, energy and transportation, living
and environmental systems, and information.

The educational opportunities offered students
in mechanical engineering are enhanced by the
availability of a wide variety of research laborato-
ries and programs, and well-equipped shops
and computer facilities.
Many of the laboratories and centers are inter-
departmental and are described in detail in

Chapter VI. These include the Center for Trans-
portation Studies, Energy Laboratory, and the
Laboratory for Manufacturing and Productivity.
The department also hosts a number of indus-
trial consortia, which support many laboratories
and research projects.

Below is a list of the more important departmen-
tal laboratories and their major areas of
research.

Acoustics and Vibration Laboratory. Vibration
and acoustical studies applied to a diverse
range of problem areas.

Eric C. and Evelyn E. Newman Laboratory for
Biomechanics and Human Rehabilitation.
Research on the human musculoskeletal system
and the development of technology for
diagnosis and remediation of physical
disabilities.

Composite and Polymer Processing
Laboratories. Research concerning composites
processing and microcellular processing.

Composite Materials and Nondestructive
Evaluation Laboratory. Development of
quantitative nondestructive evaluation
characterizations which are directly correlatable
with the mechanical properties of materials and
structures.

Computer-Aided Design Laboratory. Advanc-
ing the state of the art in design methodology
and computer-aided design methods.

Cryogenic Engineering Laboratory.
Superconducting electric generators and the
application of thermodynamics and heat transfer
to cryogenic refrigeration and to the
characterization and processing of high-Tc
superconducting films.

Fibers and Polymers Laboratories. Fiber
physics, textile processing dynamics, polymer
engineering, and the development of biological
materials such as artificial skin.

Finite Element Research Group. Computa-
tional procedures for the solution of problems in
structural, solid, and fluid mechanics.

Fluid Mechanics Laboratory. Fundamental
research in computational fluid mechanics,
physicochemical flows, turbulent transport and
dispersion, multiphase flows and phase change;
applications in such areas as biomedical sys-
tems, augmented heat transfer, slurry transport,
and toxic wastes in ground waters.

Heat Transfer Laboratory. Fundamental re-
search in convection, two-phase flow, turbu-
lence, aerosol transport, and extremal heat
fluxes: applied research in electronic materials
processing, nuclear power, fluidized combus-
tors, jet impingement, thermal behavior of
biological tissue, and electronic cooling.

Hyperthermia Center and Laboratory for
Medical Ultrasonics. Major research focus on
local hyperthermia in cancer therapy; research
in ultrasonic diagnostic techniques and biologi-

cal effects and in therapy of ocular diseases
also pursued.

Center for Information-Driven Systems.
Coupling of computation, signal processing and
mechanical systems, nonlinear modeling and
control, robotics, and mechatronics.

Man-Machine Systems Laboratory. Integration
of people and their machines into systems
which perform well and are efficient, reliable,
and safe.

Manufacturing Institute. A bridge between
academic research and industrial application.
Design and manufacture of prototypes and
large systems, innovative modeling, and simula-
tion of new processes and products.

Martin Center for Engineering Design. Design
methodology, design of integrated electrical-
mechanical systems, prototype development,
advanced computer-aided design techniques.

Mechanical Behavior of Materials Laboratory.
Mechanisms of deformation and fracture pro-
cesses in engineering materials.

Mechanics of Materials Research Computa-
tional Facility. Formulation of models of material
(micro) structure and behavior which quantita-
tively reflect underlying physical processes.

Mining and Mineral Resources Research
Institute. Promotion of both mining and mineral
education and related research.

Precision Engineering Laboratory. Fundamen-
tal and applied research on all aspects of the
design, manufacture, and control of high preci-
sion machines ranging from manufacturing
machines to precision consumer products.

Reactin Gas Dynamics Laboratory. Fluid flow,
chemica reaction and combustion phenomena
associated with energy conversion in propulsion
systems, power generation, industrial pro-
cesses, and fires.

Resource Extraction Laboratory and REMER-
GENCE. Encompassing a number of research
projects in the area of underground fracturing
for enhanced recovery of oil, gas, and minerals.

Sloan Automotive Laboratory. Processes and
technology which control the performance,
efficiency, and environmental impact of internal
combustion, engines, engine lubrication, and
fuel requirements.

Surface Laboratory. Tribology, including wear
theory, lubrication, friction and adhesion, high-
speed rolling contacts, magnetic recording, and
sliding electric contacts.

The undergraduate program provides a broad
intellectual foundation. A solid technical back-
ground is essential for a career as diversified
and challenging as that open to the mechanical
engineer. Beginning with mathematics, physics,
and chemistry, students acquire proficiency in
the engineering sciences: dynamics, mechan-



Department of Mechanical Engineering (Course 2) 177

Undergraduate Study

ics, and properties of materials; fluid dynamics;
heat and mass transport; thermodynamics;
systems analysis; and control. In addition,
students experience the ways in which scientific
knowledge can be put to use in the develop-
ment and design of useful devices and pro-
cesses to solve engineering problems. Design
mastery driven largely by creative, project-
oriented work is the primary object of subjects
in laboratory and design. Design experience
often involves consideration of economic,
social, legal, and political factors.

Bachelor of Science in Mechanical
Engineering
Course I1

The department provides many opportunities for
undergraduates to establish a close relationship
with faculty members and their research
groups. Students interested in project work are
encouraged to consult their faculty advisors or
approach other members of the faculty.

The curriculum for the Bachelor of Science in
Mechanical Engineering has been designed to
provide alternatives - through the restricted and
unrestricted electives-for students having a
wide range of career goals. The department
recognizes in its curriculum three categories of
students it wishes to serve: those who base their
professional careers as mechanical engineers
on the bachelor's degree with no further formal
study; those who proceed to formal graduate
study in mechanical engineering or in an allied
field; and those for whom the undergraduate
program provides a broad base-in intellectual
style as well as intellectual content -for further
professional study directed toward medicine,
law, business, or industrial management.

The departmental program for the Bachelor of
Science in Mechanical Engineering, Course 11,
consists of three levels corresponding roughly
to the second, third, and fourth years. The first
and second levels constitute the universal core
of subjects required of all candidates for the
S.B. in Mechanical Engineering.

The first level provides a fundamental introduc-
tion to mechanical engineering through subjects
in system dynamics, solid mechanics, manufac-
turing and materials processing, instrumenta-
tion, and design. The second level emphasizes
the basic engineering sciences and their inte-
gration through laboratory and design projects.

he third level consists of professional electives
that provide advanced study in a particular
engineering discipline (Group A), or subjects
that provide a framework within which the
social, ethical, and economic environment in
which engineering is practiced can be under-
stood (Group B). All students are required to
complete a thesis, working on an individual
basis with a faculty or research-staff member.
This program is accredited by the Accreditation
Board for Engineering and Technology. (See
discussion of accreditation in the Dean's state-
ment at the beginning of the section School of
Engineering.)

Students are urged to contact the Undergradu-
ate Office as soon as they have decided to enter
mechanical engineering so that faculty advisors
may be assigned. Students together with their
faculty advisors plan a program that best utilizes
the two restricted electives and the 51 units of
unrestricted electives available in the Course I1
degree program.

Bachelor of Science in Mechanical
Engineering
Course I
CLASS OF 1997 or later See Notes on Course 11 below

General institute Requirements (GIRs) Subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement

Restricted Electives In Science and Technology (REST)
Requirement** [two subjects can be satisfied by 2 01, 202,
2.20, or 2 40 and by 18.03 In the Departmental Program]'

Laboratory Requirement [can be satisfied by any
combination of the subjects 2.671. 2.672. and 2 86 in the
Departmental Program]

writing Requirement. Phase i [can be satisfied by submitting
a ten-page laboratory report from 2 671 or 2 672]2

8

3

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program
3  

Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects 141

201 Mechanics of Solids, 12. REST 8 01. 18.02

2.02 Introduction to Systems Dynamics. 12, REST
8 01,18 02

2 03,J Dynamics, 12: 2.01. 2 02. 18.03*

2.20 Fluid Mechanics, 12. REST: 18.02. 18.03

2.30 Mechanical Behavior of Materials. 15:
201.2671

2.40 Thermodynamics, 12. REST 8 02. 18.03

2.671 Measurement and Instrumentation, 12. LAB, 2.02.
8.02

2.672 Project Laboratory. 6. LAB 2.20, 2.40, 2,671

2 70 Introduction to Design. 9

2.73 Design Projects, 9: 2.03J. 2 20. 2.40. 2.70. 2.86

2.86 Introduction to Manufacturing. 9, LAB:
2.01, 270

1803 Differential Equations. 12. REST 18 02*

ThessI 4
(9 units)

Restricted Electives 24
One of the subjects in Group A and either a second subject
from Group A or one from Group B. Additional subjects taken
may be used for G (graduate but not H-level) credit toward
graduate degrees in mechanical engineering.

Group A Advanced Technical Electives

Mechanics and Dynamics
2,06J Mechanical Vibration, 12: 2 03J

System Dynamics and Control
2 14 Control System Principles. 12: 2 02

Materials
2 33 Finite Element Applications in Mechanics and

Materials. 12. 2.01 2 30
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Thermal Fluid Sciences
2.51 Introduction to Heat Transfer. 12 2.20, 2.40

2 41J Thermal Power Engineering. 12: 2.40

Design
2s72 Elements of Mechanical Design, 12: 2.01, 2.70

Environment
2.292J Environmental Control Technology 12: 1.05.

2 20*, 2 40, 5 60, 10 13 '

Group B Engineering in Its Context

296 Management In Engineering, 12

2.95J Real-World Ethics. 12, HASS

14.01 Principles of Microeconomics, 12. HASS

Departmental Program unlits that also satisfy the GORs 36

Unrestricted Electives6 51

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as pail of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both.

Notes on Course I1
CLASS OF 1997 or later The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'The department suggests that 6.071 Introduction to Electronics
be elected.

21n certain circumstances, reports from 2.30 or 2 UR may also
be used Consult the Writing Coordinator.
3
Substituton of subjects of similar content may be permitted by

petition to the senior registration officer. Certain graduate
subjects may be substituted for restricted electives with
permission of the senior registration officer

'To foster substantial research and design achievement, the
department permits up to six units of additional thesis credit,
subject to approval of the student's faculty advisor.

5Aternatives must be approved by the Senior Registration
Officer.

rThe department recommends that students elect an
introductory digital-computing subject (such as 1.00) as early
as possible in their programs.

*Alternate prerequisites are listed in the subject description

*The REST Requirement was formerly called the Science
Distribution Requirement See Chapter il for further details on
this and other institute requirements.

Bachelor of Science
Course Il-A

Many students have a defined goal that can
best be met by organizin a curriculum specifi-
cally tailored to that goal. o meet such needs,
the department offers the Bachelor of Science,
with a significant part of the curriculum made up
of planned electives. These are chosen by
agreement between the student and a depart-
mental officer so that the complete curriculum is
coherent and in pursuit of a clear objective.

For instance, some students may wish to go
more deeply into some field of mechanical
engineering by choosing additional subjects in
one of the professional fields of concentration,
as well as introductory graduate subjects from
among the related engineering sciences. Others
interested in electromechanical devices might
combine advanced subjects in dynamics,
systems analysis, and vibrations with subjects in
electric circuits and electromagnetic field theory.
Students interested in air pollution, fires, inter-
nal-combustion engines, and related fields
involving chemical reaction might study fluid
mechanics, heat transfer, physical chemistry,
reaction kinetics, and statistical mechanics.
Some combine subjects in mechanical engi-
neering with subjects in economics and man-
agement. Students interested either in medical
school or in a career in biomedical engineering
may wish to develop backgrounds in biology,
biochemistry, or physiology. Many other combi-
nations are possible.

Students who wish to pursue this degree must
advise the department's Undergraduate Officer
by the beginning of their junior year to allow
enough time to plan a complete program.
Registration for this degree program requires
approval in writing from the Registration Officer
in charge of Course l1-A. This program, which
leads to the undesignated Bachelor of Science,
is not accredited by the Accreditation Board for
Engineering and Technology, and students
should discuss the significance of this with their
faculty advisor.

The Course Il-A curriculum is similar to Course
11. Course Il-A is substantially more flexible in
that, in addition to thesis, students need to take
90 units from among the lists of required sub-
jects and restricted electives shown under
Course 11. The remainder of the program is
planned electives (consisting of six subjects),
aimed at a well-defined educational goal, and
unrestricted electives, for a total program be-
yond the General Institute Requirements of 180
units. Further details may be obtained from the
department.

Engineering internship Program in
Mechanical Engineering
Course il-B

Students who wish to gain industrial experience
during their undergraduate and graduate pro-
grams may do so by electing to participate in
the En9ineering Internship Program, described
in detail in the School of Engineering section,
through enrollment in Course 11-B.
The Course degrees and curricular require-
ments are the same as for Course 11; however, in
addition, provision is made for the students to
be employed at the cooperating companies.
The plant work at the undergraduate level
consists of two summers, starting with the
summer after the sophomore year. The plant
work is considered as equivalent to a 12-unit
elective subject, 2.951 Engineering Internship.
This program is accredited by the Accreditation
Board for Engineering and Technology.

Students in this program interested in graduate
study are encouraged to apply for early
graduate school admission under the combined
bachelor's and master's program (described
below). A student in this program may spend an
additional seven months (one summer and one
term) at the cooperating company and write a
single combined bachelor's and master's thesis.
Subject to approval of the thesis supervisor, the
thesis may be related to the work experience.

Additional information may be obtained from
Professor Igor Paul, Room 3-435, MIT,
Cambridge, MA 02139-4307, (617) 253-4466.

Minor Program

The requirements for a Minor In Mechanical
Engineering are as follows:

Students pursuing a Minor in Mechanical Engi-
neering are expected to complete a total of six
subjects (which generally also include 18.03 as
a prerequisite to departmental subjects). The
subjects for the minor are expected to consti-
tute a coherent program approved by the
department, and be drawn from the following
list of required subjects and restricted electives
in the Course 11 degree program:
2.01, 2.02, 2.03J, 2.20, 2.30, 2.40, 2.671, 2.672,
2.70, 2.73, 2.86, and 18.03

and
2.06J, 2.14, 2.33, 2.41J, 2.51, 2.72, 2.95J, and
2.96

For a general description of the Minor Program,
refer to Chapter I1.
Inquiries

Further information on undergraduate pro-
grams, admissions, and financial aid may be
obtained from Professor David Gordon Wilson
or Professor Peter Griffith, Room 3-154, MIT,
Cambridge, MA 02139-4307, (617) 253-2305.

Combined Bachelor's and
Master's Degree Program

Exceptionally qualified students may apply for
early admission to the graduate program. These
students may delay satisfying all of the bache-
lor's degree requirements until the end of their
fifth year and may complete the requirements
for both degrees concurrently. This program
permits students to enroll in core graduate
subjects in their senior year, leaving time for
more advanced subjects during later semesters.
Students in this program may combine the
bachelor's and master's theses into a single
thesis which has a scope comparable to both
theses. Master's study may be within the De-
partment of Mechanical Engineering or in a
cooperating department. Students interested in
this program should consult the chair of the
departmental graduate admissions committee
late in their junior year or early in their senior
year.
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Graduate Study

The Mechanical Engineering Department pro-
vides opportunities for graduate work leading to
the following degrees: Master of Science in
Mechanical Engineering, Master of Science
without specification of department, degree of
Mechanical Engineer, and the Doctor of Philoso-
phy (Ph.D.) or Doctor of Science (Sc.D.), which
differ in name only.

Most master's degree students register for the
degree with specification in mechanical engi-
neering. Some students may forego the specifi-
cation in order to allow more freedom in the
selection of subjects. The two master's degrees
have equal academic stature.

The engineer's degree offers preparation for a
career in advanced engineering practice. It
does so through a program of advanced
coursework that goes well beyond the master's
level. This degree is normally not used as a
stepping stone to the Ph.D.

The Doctor of Philosophy (or Science), the
highest academic degree offered, is awarded
upon the completion of a program of advanced
study and significant original research, design,
or development.

Entrance Requirements for Graduate Study

Applications to the Mechanical Engineering
Graduate School are accepted from persons
who have completed, or will have completed by
the time they arrive, a bachelor's degree. Most
incoming students have a degree in mechanical
engineering or some related branch of engi-
neering. The department's admission criteria are
not specific, however, and capable students
with backgrounds in different branches of
engineering or in science may gain entry.
However, to qualify for a graduate degree other
than the master's without specification, the
candidate is expected to have had at least an
undergraduate-level exposure to the core
subject areas in mechanical engineering
(applied mechanics, dynamics, fluid mechanics,
thermodynamics, materials, and design) and to
be familiar with basic electric circuits and elec-
tromagnetic field theory. Those with deficiencies
may be asked to make up subjects in certain
areas before they graduate.

Applications for September entry are due on
January 15 of the same year, and decisions are
reported in March. Applications are also ac-
cepted for February (spring term) entry; these
are due on November 1 of the previous year,
and decisions are reported in December. For-
eig n students applying from abroad may be
admitted, but will be allowed to register only if
they have full financial support for the first year.

The Graduate Record Examination (GRE) is not
required for domestic students, but students
applying from abroad must take it and submit
their scores. Students applying from non-Eng-
lish-speaking countries are required to take the
Test of English as a Foreign Language (TOEFL)
and receive a score higher than 575.

Writing Ability Requirement

The Mechanical Engineering Department re-
quires that all incoming graduate students
demonstrate satisfactory English writing ability,
or successfully complete appropriate training in
writing. This requirement reflects the faculty's
conviction that writing is an essential skill for all
engineers. All incoming graduate students,
native as well as foreign, must take the depart-
mental writing ability test, which is administered
in September. Depending on the results, a
student will either pass or be required to take a
subject in writing.

Master of Science in Mechanical Engineering

To qualify for the Master of Science in Mechani-
cal Engineering, a student must complete at
least 66 credits of coursework (about six sub-
jects). Of these, at least 42 must be graduate
H-level subjects (formerly A-level), designated
as such in Chapter VIII. The rest of the 66 units
may be for G-level subjects or advanced under-
g raduate subjects that are not requirements in

e undergraduate Mechanical Engineering
curriculum.

At least two of the subjects must be chosen
from a prescribed list of basic mechanical
engineering sciences. The student must also
either have had previously, or take as part of his
or her master's program, two advanced mathe-
matics subjects (e.g., 18.085 and 18.086).

Finally, a thesis is required. The thesis is an
original work of research, development, or
design, performed under the supervision of a
faculty or a research staff member, and is a
major part of any graduate program at MIT A
master's student usually spends as much time
on thesis work as on coursework. Details of the
program are available from the Departmental
Graduate Office. A master's degree usually
takes about one and one-half to two years to
complete.

Master of Science (without Specification)

The requirements for the Master of Science
without specification are that the student take 66
credit units of subjects, with 42 of them being
H-level subjects (formerly A-level), and com-
plete a thesis. These are the minimum require-
ments for an M.S. degree at MIT The degree
without specification and the degree with speci-
fication have equal academic stature. The
degree without specification does not, however,
explicitly confer an association with the mechan-
ical engineering profession, though such an
association may be inferred from the student's
having been registered in the Department of
Mechanical Engineering. Students who opt for
the degree without specification usually have in
mind specific programs of study with which
theycannot meet all the M.S.M.E. degree
requirements in the time they have available.

Mechanical Engineer's Degree
The Mechanical Engineer's degree provides an
opportunity for further study beyond the mas-
ter's level for those who wish to enter engineer-
ing practice rather than research. This degree
emphasizes breadth of knowledge in mechani-
cal engineering and its economic and social
implications, and is quite distinct from the Ph.D.,
which emphasizes depth and originality of
research.

The engineer's degree requires a broad pro-
gram of advanced coursework in mechanical
engineering and management, totaling at least
162 credit units (typically about 14 subjects),
including those taken during the master's
degree program. The engineer's degree pro-
gram is centered around the application of
engineering principles to advanced engineering
problems and includes an applications-oriented
thesis, which may be an extension of a suitable
master's thesis. An engineer's degree typically
requires at least one year of study beyond the
master's degree.

Doctor of Philosophy and Doctor of Science
The highest academic degree is the Doctor of
Science, or Doctor of Philosophy (the two differ
only in name). This degree is awarded upon the
completion of a program of advanced study,
and the performance of significant original
research, design, or development.

Students become candidates for the doctorate
by passing a rigorous qualifying examination,
which they take no later than at the end of three
regular terms after arrival or after the completion
of the master's degree (whichever is later). The
doctoral program includes a major program of
advanced study in the student's principal area
of interest, and a minor program of study in a
different field.

The principal component of the program is the
thesis. The thesis is a major, original work that
makes a significant research, development, or
design contribution in its field. The thesis and
the program of study are done under a faculty
supervisor and a doctoral committee selected
by the student and his or her supervisor, and
perhaps other interested faculty members. The
committee makes an annual examination of the
candidate's progress and conducts a final
examination based on the thesis. The doctoral
program usually takes a minimum of two years
of work beyond the master's degree.

Interdisciplinary Programs
Graduate students registered in the Department
of Mechanical Engineering may elect to partici-
pate in interdiscipi nary programs of study.
Programs are available in health sciences and
technology, polymer science and technology,
and technology and policy. There is also a joint
program between MIT and Woods Hole Ocean-
ographic Institute for students whose primary
career objective is oceanographic engineering.
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Leaders for Manufacturing Program Inquiries

A two-year program of study in the area of For additional information, contact Leslie Regan,
manufacturing leading to master's degrees in Mechanical Engineering Graduate Registration
mechanical engineering and in management is Office, Room 1-106, MIT, Cambridge, MA
available as described in the section on the 02139-4307, (617) 253-2291.
Sloan School of Management in Chapter VII.
The program incorporates coursework in engi-
neering and management with thesis research
conducted at an industry site.

Assistantships and Fellowships

The Department of Mechanical Engineering
offers three types of financial assistance to
graduate students: fellowships, research assis-
tantships, and teaching assistantships.

A fellowship provides the student with a direct
grant, and leaves the student open to select his
or her own research project and supervisor. A
number of students are supported by
fellowships from outside agencies.

The majority of students in the department are
supported by research assistantships (RAs),
which are appointments to work on particular
research projects with particular faculty mem-
bers. The faculty members procure research
grants for various projects and hire graduate
students to carry out the research. The research
is almost invariably structured so that it be-
comes the student's thesis. An RA appointment
provides a full tuition scholarship (i.e., covers all
tuition) plus a salary that is adequate for a single
person. The financial details are outlined in a
separate handout available from the Departmen-
tal Graduate Office. An RA may register for a
maximum of 24 units (about two subjects) of
classroom subjects per regular term and 12
units in the summer term, and must do at least
the equivalent of 24 units of thesis (i.e., research
on the project) per term.

Teaching assistants (TAs) are appointed to work
on specific subjects of instruction. As the name
implies, they usually assist a faculty member in
teaching, often grading homework problems
and tutoring students. In the Mechanical Engi-
neering Department, TAs are very seldom used
for regular full-time classroom teaching. TAs are
limited to 24 units of credit per regular term,
including both classroom subjects and thesis.
The TA appointment does not usually extend
through the summer.

Experience has shown that the optimum gradu-
ate program consists of about equal measures
of coursework and research, consistent with an
RA appointment. The main advantage of a
fellowship is a greater freedom in choosing a
research project and supervisor. A teaching
assistantship gives the student teaching experi-
ence and can also be extremely valuable for
reviewing basic subject material, for example in
preparation for the doctoral general exams. It
does not, however, leave much time for thesis
research, and may extend the time that the
student needs to complete his or her degree.
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Department of
Nuclear Engineering
(Course 22)

Faculty and Staff

Mujid Suliman Kazimi, Ph.D.
Professor of Nuclear Engineering
Head of the Department

Professors

Sow-Hsin Chen, Ph.D.
Professor of Nuclear Engineering

Jeffrey Philip Freidberg, Ph.D.
Professor of Nuclear Engineering

Michael Warren Golay, Ph.D.
Professor of Nuclear Engineering

Elias Panayiotis Gyftopoulos, Sc.D.
Ford Professor of Engineering
Professor of Nuclear and Mechanical
Engineering

Kent Forrest Hansen, Sc.D.
Professor of Nuclear Engineering

Otto Karl Harling, Ph.D.
Professor of Nuclear Engineering
Director, MIT Nuclear Reactor Laboratory

Allan Francis Henry, Ph.D.
Professor of Nuclear Engineering

Ian Horner Hutchinson, Ph.D.
Professor of Nuclear Engineering
Head, Toroidal Confinement Division, Plasma
Fusion Center
(On leave, spring)

David Dayton Lanning, Ph.D.
Professor of Nuclear Engineering

Richard Keith Lester, Ph.D.
Professor of Nuclear Engineering
Director, Industrial Performance Center

Lawrence Mark Lidsky, Ph.D.
Professor of Nuclear Engineering

John Edward Meyer, Ph.D.
Professor of Nuclear Engineering

Norman Carl Rasmussen, Ph.D.
McAfee Professor of Engineering
Professor of Nuclear Engineering

Kenneth Calvin Russell, Ph.D.
Professor of Metallurgy and Nuclear
Engineering

Neil Emmanuel Todreas, Sc.D.
KEPCO Professor of Nuclear Engineering
Professor of Nuclear Engineering and
Mechanical Engineering

Sidney Yip, Ph.D.
Professor of Nuclear Engineering
(On leave, spring)

Associate Professors

Ronald George Ballinger, Sc.D.
Associate Professor of Nuclear Engineering and
Materials Science and Engineering

Kim Molvig, Ph.D.
Associate Professor of Nuclear Engineering
(On leave, fall)

Jacquelyn C. Yanch, Ph.D.
W.M. Keck Career Development Associate
Professor in Biomedical Engineering
Associate Professor of Nuclear Engineering and
Whitaker College

Assistant Professors

David G. Cory, Ph.D.
Assistant Professor of Nuclear Engineering

Scott A. Simonson, Ph.D.
Assistant Professor of Nuclear Engineering

Kevin W. Wenzel, Ph.D.
Assistant Professor of Nuclear Engineering

Visiting Professor

Bruce R. Rosen, M.D., Ph.D.
Visiting Associate Professor of Nuclear
Engineering

Alfred Schneider, Ph.D.
Visiting Professor of Nuclear Engineering

Senior Lecturers

Gordon Lee Brownell, Ph.D.

Francis X. Masse, B.S.
Radiation Protection Officer, Medical
Department

Administrative Officer

Jennifer deVries Gwinn

Administrative Assistant

Clare Marie Egan
Graduate Office Coordinator

Research Staff

Rachel M. Morton, B.S.
Manager, Computer Facilities

Senior Research Engineer

D. Bruce Montgomery, Sc.D.
Associate Director, Plasma Fusion Center
Senior Research Engineer, Plasma Fusion
Center and Nuclear Engineering

Principal Research Engineer

John A. Bernard, Jr., Ph.D.
Director, Reactor Operations, Nuclear Reactor
Laboratory

Research Engineer

Peter Stahle, B.S.M.E.
Research Engineer, Nuclear Engineering

Senior Research Scientists

Daniel R. Cohn, Ph.D.
Senior Research Scientist, Plasma Fusion
Center and Nuclear Engineering

Thomas Henderson Dupree, Ph.D.
Senior Research Scientist, Nuclear Engineering
and Physics

Marvin M. Miller, Ph.D.
Senior Research Scientist, Nuclear Engineering

Dieter J. Sigmar, Ph.D.
Acting Director, Plasma Fusion Center
Senior Research Scientist, Plasma Fusion
Center and Nuclear Engineering

Principal Research Scientist

Richard Lanza, Ph.D.

Research Scientists

Andrew Dobrzeniecki, Ph.D.
Research Scientist, Nuclear Engineering

Michael John Driscoll, Sc.D.
Research Scientist, Nuclear Engineering and
Nuclear Reactor Laboratory

Eric Wesley McFarland, Ph.D., M.D.
Research Scientist, Nuclear Engineering

Research Affiliates

Jerome Ackerman, Ph.D.
Samuel Patz, Ph.D..
Nathan Siu, Ph.D.
Dale Taylor, Ph.D.
Donald Trent, Ph.D.
William Vesely, Ph.D.

Robert Zamenhof, Ph.D.
Research Affiliate, Nuclear Reactor Laboratory
and Nuclear Engineering



182 School of Engineering

Overview

Professors Emeriti

Manson Benedict, Ph.D.
Institute Professor, Emeritus
Professor of Nuclear Engineering, Emeritus

Gordon Lee Brownell, Ph.D.
Professor of Nuclear Engineering, Emeritus

Michael John Driscoll, Sc.D.
Professor of Nuclear Engineering, Emeritus

Thomas Henderson Dupree, Ph.D.
Professor of Nuclear Engineering and Physics,
Emeritus

Irving Kaplan, Ph.D.
Professor of Nuclear Engineering, Emeritus

The Department of Nuclear Engineering pro-
vides undergraduate and graduate education for
students interested in developing the peaceful
applications of nuclear reactions, plasma ther-
monuclear physics, and radiation. In keeping
with MIT's traditional role in other branches of
knowledge, the department aims to educate the
individuals who make the key scientific and
engineering advances in these fields. The
technological problems of energy generation by
neutron-induced fission of heavy elements in
nuclear reactors and fusion of light particles in
thermonuclear plasmas receive primary
emphasis.

In addition, faculty and students are strongly
involved in the engineering physics of charged
particles, neutrons, and photon radiation; in the

roader problems of providing energy in envi-
ronmentally sustainable and socially acceptable
ways: in the scientific, medical, and industrial
applications of radiation: and in radiation health
physics.

Fission reactors are used to generate heat and
electricity, to propel submarines and ships, to
provide power for deep space exploration, to
transmute elements, and to produce radioiso-
topes for medical and other applications. In
some countries, the fraction of electricity ob-
tained from nuclear power is greater than 50
percent. In the United States, it is about 20
percent. In recent years, the growth rate of
electricity has declined because of more cost-
effective uses of energy and the international
economic recession. Coupled with concerns
about nuclear reactor safety and radioactive
waste disposal, this has led to a significant
reduction in new nuclear power plant orders.
Nevertheless, many nations include a significant
and expanding nuclear component in their
energy programs because they are convinced
that nuclear power is a comparatively reliable,
inexpensive, safe, and environmentally benign
way to produce electricity. In addition, growing
international concerns about the possibility of
significant global warming have stimulated
renewed interest in nuclear energy in the US.

The safe and economical development, design,
construction, and operation of nuclear power
plants and their related nuclear fuel processing
facilities is a major field of engineering. Chal-
lenging tasks facing today's nuclear engineers
are to reduce the capital and operating costs of
nuclear power stations, to increase their reliance
on passive safety mechanisms and their reliabil-
ity, and to extend the life of nuclear fuels and
structures. The goal is to make nuclear plants
the most economical and safe way of generat-
ing electricity without harming the environment
in ever-widening regions of the world.

Another challenge to nuclear engineers is to
contribute to the development of safe, publicly
acceptable means of storing, transporting, and
disposing of radioactive waste from nuclear
power plants and related nuclear fuel process-
ing facilities. A related task is to develop sys-
tems and technologies for the remediation of
facilities and sites contaminated with radioactive
materials. In the coming decades, many such
facilities will need to be decontaminated and

restored across the US, and new technologies
for waste characterization, removal, stabilization,
storage and monitoring will be required.

Over the long term, another challenge to nu-
clear engineers is the development of economi-
cal nuclear power systems that regenerate or
yield a net increase in their essential fuel, such
as breeder reactors. Breeder reactors can
provide an energy resource capable of supply-
ing the needs of the world for thousands of
years.

A potential source of energy and neutrons is
controlled fusion of light elements. Energy from
fusion would be practically inexhaustible. Fusion
reactions must be carried out in a fully ionized
plasma heated to many million degrees. Such
plasmas are usually confined by strong
magnetic fields. Recent progress increases the
likelihood that controlled fusion will become a
practical source of energy within the next
half-century. Attainment of a fusion power plant
requires improved behavior of plasmas in
electric and magnetic fields, development of
materials capable of withstanding high stresses
and exposure to intense radiation, and great
engineering ingenuity in integrating fusion
power components into a practical, safe, and
economical system. The department has strong
programs in plasma fundamentals, materials for
intense radiation fields, and engineering of
fusion systems.

The fundamentals of plasmas also underlie
astrophysical and ionospheric phenomena,
magnetic hydrodynamic energy conversion, ion
propulsion, thermionic energy conversion, and
high power gas lasers, all topics of interest in
the department. Students concentrating on
applied plasma physics are trained not only to
contribute to the advancement of controlled
fusion but also to apply their knowledge in areas
of immediate practical significance. In these
plasma programs, the department is an active
participant in MIT's broad, interdepartmental
program of research and instruction in plasma
physics and its varied applications.

To achieve the full potential of nuclear energy
from either fission or fusion reactors, it is neces-
sary to develop special materials capable of
withstanding intense radiation for long periods
of time. The department's nuclear materials
engineering program is concerned with effects
of radiation on materials and development of
improved radiation-resistant materials. Other
areas of concentration are the chemical and
metallurgical engineering aspects of corrosion
in components of fission reactors, processes for
recovering fuel materials from the highly radio-
active spent fuel discharged from reactors, and
processing of materials to withstand the thermal
requirements of fusion reactors.

To fulfill society's needs, not only must new
technologies be developed, but energy conver-
sion plants must also be designed and operated
so as to produce energy safely, reliably, eco-
nomically, and with acceptable environmental
impact. Power engineering requires an under-
standing of social attitudes regarding technolog-
ical risks and resolution of associated conflicts.
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Undergraduate Study

Consequently, the department is involved
actively across the entire field of energy produc-
tion in the areas of calculational methods,
thermal-hydraulics, nuclear chemical engineer-
ing, structural mechanics, control systems,
reliability analysis, safety and licensing, health
physics, environmental impact of power pro-
duction, and engineering economics.

The department's radiation science and
technology program is concerned with those
aspects of nuclear science and engineering not
specifically pertaining to power generation. This
program presently consists of four components:
radiological science, applied radiation physics
and molecular simulation, nuclear materials, and
radiation health physics, and has as its
long-range goals improved diagnosis and
therapy in nuclear medicine, the understanding
of complex materials, properties and behavior,
and various novel scientific and medical
applications of radiation.

The radiological science program is designed to
equip students with a background in radiation
imaging techniques and their application in
medicine and industry.

The radiation health physics program is de-
signed to provide students with a strong foun-
dation in the scientific and engineering disci-
plines needed for the management and control
of irradiation exposures. It emphasizes princi-
ples of radiobiology, radiation measurement and
dosimetry, risk assessment, and management of
radiation exposure.

The department is also an active participant in
MIT's interdisciplinary programs of instruction
and research in the management of complex
technological systems and technology and
public policy.

Undergraduate and graduate students in other
departments at MIT who wish to learn how their
major professional fields may be utilized in
nuclear developments may find certain offerings
by the Department of Nuclear Engineering of
interest, such as the medically oriented radio-
logical sciences program, nuclear power plant
engineering, applied plasma or radiation phys-
ics, nuclear materials engineering, and the
interdepartmental program on structural me-
chanics in nuclear power technology.

Bachelor of Science In Nuclear Engineering

The undergraduate programs in nuclear engi-
neering prepare students for careers in the
nuclear power industry or the applied radiation
industry, including medical technology, or for
graduate study in nuclear engineering and
related disciplines. The field is very broad and
the program is arranged to provide a variety of
subject combinations appropriate for career
preparation. Two broad academic options or
tracks have been defined. First, the nuclear
energy track emphasizes studies related to
electrical energy production from nuclear fission
and nuclear fusion. Second, the track covering
radiation for medicine and industry deals with
applications as diverse as radiation therapy for
medical treatments and imaging techniques for
industrial quality assurance. The two tracks have
significant overlap with many subjects in com-
mon: but each track also includes specialty
subjects in energy or radiation.

The department offers two undergraduate
rograms leading to a Bachelor of Science in
uclear Engineering. The first, Course XXII, is

normally completed in four years. The second,
Course XXII-A, is part of a five-year Engineering
Internship Program; it leads to both a Bachelor
of Science and a Master of Science in Nuclear
Engineering and combines study with industrial
practice.

Each departmental track is divided into three
major portions: background, basics, and nu-
clear engineering specialties. Three mathemat-
ics and science subjects are included in the
background portion of the departmental pro-
gram. In addition, each student may choose
any one of three seminars to gain familiarity with
departmental academic and research activities
(22.011, 22.012, or 22.013 for fission, fusion, or
radiation activities). Subjects in the basics
provide an introduction to some foundations of
engineering practice, as indicated by the sub-
ject titles in the degree charts that follow. The
third portion of the departmental program
provides an introduction to some of the special-
ties of nuclear engineering.

The choice of specific subjects and the order in
which they are taken are arranged in consulta-
tion with the student's departmental advisor. The
nuclear energy track is intended for students
planning careers in design, analysis, and
operation of fission reactors, and for graduate
study in these areas. The nuclear energy track
is also intended for students planning for
graduate study and careers in areas of
engineering research or development related to
fusion reactors. The radiation for medicine and
industry track is intended for students planning
careers in medicine or biomedical engineering
with particular emphasis on the applications of
radiation in diagnostics and therapy, and for
students planning graduate study and careers in
areas of engineering research and development
related to imaging and other industrial applica-
tions of radiation. Information on each track is
available from the student's departmental
advisor or from the departmental undergraduate
office (Room 24-204).

The degree programs in Course XXII and
Course XXII-A are accredited by the Accredita-
tion Board for Engineering and Technology.

Bachelor of Science in Nuclear Engineering
Course XXII

Subject requirements and options are described
in the preceding paragraphs and in the follow-
ing charts. A bachelor s degree thesis of 12
units is required.

Bachelor of Science In Nuclear Engineering
Course XXII-Nuclear Energy Option

CLASS OF 1997 or later: See Notes on Course XXII below

General Institute Requirements (GIRs) Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement

5

a
Restricted Electives In Science and Technology (REST)
Requirement" [two subjects can be satisfied from among
8.03, 18 03 or 18 034, 2 01 or 6 071. 2 20. 2 40, and 22 02
in the Departmental Program] 3

Laboratory Requirement [can be satisfied by 22 069
or 22 09 in the Departmental Program] 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites it any (corequisites in italics)
Background

8.03 Physics 1i1, 12, REST 8 02*, 18,02

18,03 Differential Equations, 12. REST: 18,02*
or

42

18,034 Differential Equations. 12, REST 18 02*

22.02 Introduction to Applied Nuclear Physics. 12, REST,
802, 18.02

Seminar 6

Basic* 60

201 Mechanics of Solids. 12. REST 8,01. 1802
or

6.071 Introduction to Electronics, 12, REST 18 01. 8.02

2,20 Fluid Mechanics. 12. REST 18.02, 18.03
2,40 Thermodynamics, 12. REST 8 02. 18.03

2.51 Introduction to Heat Transfer, 12; 2.20, 2.40

22 070J Materials for Nuclear Applications, 12 3 091
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Nuclear Engineering Specialties 63

22.069 Undergraduate Plasma Laboratory, 12, LAB 8.03*
or

22.09 Principles of Nuclear Radiation Measurement and
Protection, 12, LAB: 22.02

22.03 Engineering Design of Nuclear Power Systems,
12 22.02

22.033 Nuclear Systems Design Project, 15

22.04 Radiation Effects and Uses. 12; 22.02

22.021 Nuclear Reactor Physics. 12; 22,02. 18.03

22.061

Thesis

or

Fusion Energy 1, 12: 8.03, 18.03

Departmental Program units that also satisfy the GIRs (36)

Unrestricted Electives 48

Total Units Beyond the GIRs Required for S.B. Degree 189
No subject can be counted both as part of the 17-subject GIRs
and as part of the 189 units required beyond the GIRs. Every
subject In the student's departmental program will count toward
one or the other, but not both.

Notes on Course XXIII

CLASS OF 1997 or later The Science Requirement Increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two, keeping the
total number of GiRs constant at 17.

*Alternate prerequisites are listed in the subject description.

*The REST Requirement was formerly called the Science
Distribution Requirement See Chapter III for further details on
this and other institute requirements

Bachelor of Science in Nuclear Engineering
Course XXII -Radiation for Medicine and
Industry Option

CLASS OF 1996 and earlier: See Notes on Course XXII below.

General institute Requirements (GIRs) Subjects

Science Requirement 6

Humanities, Arts, and Social Sciences Requirement 8

Restricted Electives In Science and Technology (REST)
Requirement* [can be satisfied by two subjects from among
18.03 or 18.034. 202 2.20, 6.071, and 22.02 In the
Departmental Program] 2

Laboratory Requirement [can be satisfied by 22.09 In the
Departmental Program] 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Background

6,017 Introduction to Quantum Physics, 12: 18.03,
8 02

18.03 Differential Equations. 12. REST 18.02*
or

Departmental Program units that also satisfy the GIRs (36)

Unrestricted Electives 48

Total Units Beyond the GIRs Required for S.B. Degree 189
No subject can be counted both as part of the 17-subject GIRs
and as part of the 189 units required beyond the GIRs. Every
subject In the student's departmental program will count toward
one or the other, but not both.

Notes on Course XXii

CLASS OF 1996 and earlier: See MIT Bulletin 1992-93 for
degree requirements.

*Alternate prerequisites are listed in the subject description.

*The REST Requirement was formerly called the 3cience
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements

42

18034 Differential Equations. 12, REST 18,02*

22.02 Introduction to Applied Nuclear Physics, 12, REST.
802. 1802

Seminar, 6

Basics 60

2.02 Introduction to Systems Dynamics, 12, REST 8.01.
18.02

2.20 Fluid Mechanics, 12. REST 18.02. 18.03

6.071 Introduction to Electronics, 12. REST 18.01, 8.02

2.791J Quantitative Physlology: Cells and Tissues, 12:
2.02*. 8.02. 18,03
or

22 070J Materials for Nuclear Applications, 12: 3.091

2 792J Quantitative Physiology: Organ Transport
Systems. 12: 2.791J, 2 20*
or

22.078 Nuclear Techniques in Environmental Analysis,
12 22 02. 22 09. 22 04*

Nuclear Engineering Specialties 63

22.09 Principles of Nuclear Radiation Measurement
and Protection, 12, LAB 22.02

22.03 Engineering Design of Nuclear Power Systems,
12 22.02

22 033 Nuclear Systems Design Project. 15

22.04 Radiation Effects and Uses. 12: 22 02

22 055 Biomedical and Industrial Applications of
Radiation. 12: 22.04 22 09

Thesis 12
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Graduate Study

Bachelor of Science in Nuclear Engineering
Course XXiI-A

Students in the Department of Nuclear Engi-
neering who participate in the Engineering
Internship Program (described in the section
School of Engineering above) are enrolled in
Course XXII-A. The requirements for Course
XXII-A are the same as for Course XXII, except
that the 12 units of thesis are replaced b 12
units of 22.092 Engineering Internship. The
five-year program leads to both a Bachelor of
Science and a Master of Science in Nuclear
Engineering. Students normally enter the pro-
gram in their sophomore year at MIT Each
student must be selected by a participating
company after application and an interview. The
program consists of four work assignments at
the same company. The first two are undergrad-
uate work assignments designated as the
required subject 22.092, as above.

Award of the master's degree is not automatic.
To work for the S.M., the student must apply to
the MIT graduate program in nuclear engineer-
ing and be formally accepted. In most cases the
decision on such applications is made early in
the student's fourth year.

The bachelor's thesis requirement is usually
satisfied upon acceptance of the master's
thesis, which is prepared during the third and
fourth work assignments (22.92 Advanced
Engineering Internship). If the student does not
enter the master's portion of the program for
any reason, the student may substitute work
done as part of the first two work assignments,
provided that the student prepares a written
proposal and a written report in thesis format
that is acceptable to a faculty advisor. Other-
wise, the student must follow the same steps for
satisfying the thesis requirement as students in
Course XXIL

Combined Bachelor's and Master's Programs

The five-year programs leading to a joint
Bachelor of Science in Chemical Engineering,
Civil Engineering, Electrical Engineering,.
Mechanical Engineering, Nuclear Engineering,
or Physics, and a Master of Science in Nuclear
Engineering, are helpful to students who, early
in their undergraduate studies, decide to pursue
a graduate degree in nuclear engineering.
Students desiring to enter such a program must
meet the graduate admission requirements of
the Department of Nuclear Engineering, and
must submit their applications for admission at
the end of their junior year. If admitted, the
student arranges a program with the registration
officers of the two participating departments.

The Nuclear Engineering thesis requirements of
the two degrees may be satisfied either by
completing both an S.B. thesis and an S .
thesis, or by completing an S.M. thesis and any
12 units of undergraduate credit.

For further information, interested students
should contact either their undergraduate
department or the Department of Nuclear
Engineering.

inquiries

Further information on undergraduate pro-
grams, admissions, and financial aid may be
obtained from Professor J. E. Meyer, Room
24-202, MIT, Cambridge, MA 02139-4307, (617)
253-3830.

The nuclear engineering profession is excep-
tionally broad and many undergraduate disci-
plines provide suitable preparations for graduate
study.

An undergraduate degree in physics; engineer-
ing physics; chemistry; mathematics; metallur-
gy; or chemical, civil, electrical, mechanical, or
nuclear engineering furnishes suitable prepara-
tion for graduate study in nuclear engineering.
Optimum undergraduate preparation would
include the following:

Physics. At least two years, equivalent to MIT
subjects 8.01, 8.02, 8.03, and 8.04, and for
graduate study in applied plasma physics or
applied radiation physics, the equivalent of MIT
subjects 8.06 and 8.07, as well.

Mathematics. At least two and one-half years,
equivalent to MIT subjects 18.01, 18.02, 18.03,
18.075, and 18.076.

Chemistry. At least one term of general, inor-
ganic, and physical chemistry.

Engineering Fundamentals. At least one year
equivalent to MIT subjects 2.01 and 2.20.

Prospective graduate students should make
evey effort to complete undergraduate prepara-
tion before starting graduate study. Students
whose preparation is incomplete may make up
their deficiencies after admission to graduate
study, but they need more time to complete the
graduate program.

Students who expect to apply for admission to a
graduate Course in nuclear engineering should
discuss their undergraduate programs with a
departmental Registration Officer, preferably
before the end of their junior year. Applicants for
admission are required to take the Graduate
Record Examination.

Master of Science in Nuclear Engineering
Course XXII

The object of the master's program is to give
the student a good general knowledge of
nuclear engineering and to provide a foundation
either for productive work in the nuclear field or
for more advanced graduate study. The general
requirements for this degree are listed in
Chapter IV Graduate Education at MIT Subject
22.111 Nuclear Physics for Engineers I or its
equivalent is required for ail master's degree
candidates.

Other subjects may be selected in accordance
with the student's particular field of interest.
Most master's candidates specialize in one of
five alternative fields: fission reactor technology,
applied plasma physics, radiation science and
technology, nuclear materials engineering, and
radiation health physics. Detailed descriptions of
the subjects available in each of these areas
may be found under the department's descrip-
tions of subjects in Chapter VIII.
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Students with adequate undergraduate prepara-
tion normally need one full year to complete the
requirements for the Master of Science. Addi-
tional information concerning the requirements
for the Master of Science in Nuclear Engineer-
ing, including lists of recommended subjects,
may be obtained from the Department of Nu-
clear Engineering.

Master of Science in Technology and Policy

Students interested in applying their nuclear
engineering background to problems of policy
and socioeconomic assessment of technology
may apply for the interdepartmental Master of
Science Program in Technology and Policy. This
program combines subjects in advanced tech-
nology in the particular field of the student's
choosing with subjects in economics, systems
analysis, political science, and law. General
requirements and application procedures are
described in Chapter VI.

Master of Science in the Management of
Technology

Students who would like to apply their nuclear
engineering background and at least five years
of technical work experience to issues in
technical management may want to explore the
Joint Program in the Management of
Technology. Jointly developed and offered by
MIT's School of Engineering and the Sloan
School of Management, this program entails a
rigorous 12-month curriculum, focusing on
management principles for technical people in a
technical environment. The program is
designed for scientists and engineers on a
career path requiring increasing managerial
responsibilities for technical activities. Details of
the program and application procedures are
described in Chapter VI.

Nuclear Engineer

The program of study leading to the Nuclear
Engineer's degree provides deeper knowledge
of nuclear engineering than is possible in the
master's program and is intended to train
students for creative professional careers in
engineering application or design.

General requirements for this degree, described
in Chapter IV, include 162 units of subject credit
plus a thesis. Each student must plan an individ-
ually selected program of study, approved in
advance by the faculty advisor, and must com-
plete, and orally defend, a substantial project of
significant engineering value.

The principal areas of study are nuclear reactor
physics, nuclear reactor engineering, nuclear
materials engineering, nuclear fuel manage-
ment, radiation science and technology, and
applied plasma physics. The objectives of the

rogram are to provide the candidate with a
road knowledge of the profession and to

develop competence in engineering applica-
tions or design. The emphasis in the program is
more applied and less research-oriented than
the doctoral program.

The engineering project required of all
candidates for the Nuclear Engineer's degree is
generally the subject of an engineer's thesis. A
student with full undergraduate preparation
normally needs two years to complete the
program. A student who satisfies the
requirements for the engineer's degree is
simultaneously approved for the S.M. by the
Department of Nuclear Engineering. Additional
information may be obtained from the
department.

Doctor of Philosophy and Doctor of Science

The program of study leading to either the
Doctor of Philosophy or the Doctor of Science
degree aims to give a comprehensive knowl-
edge of nuclear engineering or radiation sci-
ence and technology, to develop competence
in advanced engineering research, and to
develop a sense of perspective in assessing the
role of nuclear science and technology in our
society.

General requirements for the doctorate are
given in Chapter IV Graduate Education at MIT
and in the Graduate School Manual. The specif-
ic requirements of the Department of Nuclear
Engineering are the General Examination, the
Major/Minor Program, and the doctoral thesis.

Upon satisfactory completion of the require-
ments, the student ordinarily receives a Ph.D.
unless he or she requests an Sc.D. The require-
ments for both degrees are the same.

Prior to starting doctoral research, each student
is required to pass a general examination dem-
onstrating adequate undergraduate preparation
in physics, chemistry, mathematics, and engi-
neering fundamentals, and comprehensive
knowledge at the graduate level of a chosen
field in nuclear engineering.

Doctoral candidates may elect to study and be
examined in one of the following fields: fission
reactor physics, fission reactor engineering,
applied plasma physics, applied radiation
physics, nuclear materials engineering, fusion
reactor technology, nuclear and alternative
energy systems and policy, radiological science,
nuclear waste technology, and radiation health
physics. Details of the doctoral examination in
each of these fields may be obtained from the
department.

Candidates for a doctoral degree must also
satisfactorily complete (with an average grade of
B or better) an approved program of advanced
studies. The program requires that students
take not less than 60 credit hours of subjects
(excluding special problems), of which at least
36 must comprise a field of specialization (the
major) that will be closely related to the stu-
dent's doctoral thesis topic. Twenty-four units
(the minor) must consist of coordinated sub-
jects clearly outside the field of specialization.

Doctoral research may be undertaken either in
the Department of Nuclear Engineering or in a

nuclear-related field in another department.
Appropriate areas of research are described
generally in the introduction to the department,
and a detailed list may be obtained from the
Department of Nuclear Engineering.

Medical and biological applications of nuclear
engineering may be pursued under the Radio-
logical Sciences Graduate Program (RSGP).
Breakthroughs in radiological science including
radiation therapy, magnetic resonance imaging
(MRI), positron emission tomography (PET),
and single photon emission tomography
(SPECT) make this area one of the most excit-
ing developments in applied nuclear and radi-
ation science.

The core curriculum includes topics in nuclear
and radiation physics, radiation biology, medical
imaging, and biomedical applications of radi-
ation. These subjects form the basis of the
department's general examination taken by
most students two years after entering the
program. After successful completion of this
examination, full-time thesis research is pur-
sued in specialty areas of medical imaging,
radiation therapy and biophysics, or image
processing and computer applications.

Also available is a joint degree program be-
tween the Department of Nuclear Engineering's
Radiological Sciences Graduate Program and
the Harvard-MIT Division of Health Sciences
and Technology. Decisions regarding admission
and award of the doctoral degree are made
jointly. In addition to a strong background in the
physical and engineering sciences, applicants
should complete two undergraduate subjects in
biology or biochemistry before entrance, and
must complete three additional life sciences
subjects prior to receiving the doctoral degree
as part of the coursework toward fulfilling the
NED Major/Minor Program. To supplement the
program's academic training, a one-month
clinical practicum in one of the affiliated Boston-
area hospitals is also required. Students submit
and defend a doctoral thesis before a commit-
tee of MIT faculty, including members from NED
and HST, in accordance with the interdisciplin-
ary nature of the program.

Research Facilities

The departmental programs are supported by a
number of outstanding experimental facilities for
advanced research in nuclear engineering.

The MIT Research Reactor in the Nuclear Reac-
tor Laboratory operates at a power of 5,000 kw
and is fueled with U-235 in a compact light-wa-
ter cooled core surrounded by a heavy-water
reflector. This reactor provides a wide range of
radiation-related research and teaching oppor-
tunities for the students and faculty of the de-
partment. Major programs to study corrosion in
a nuclear environment are currently in place.
Epithermal neutron capture studies are also
being conducted. Details of the laboratory's
research programs and facilities are given in
Chapter VI.



Department of Nuclear Engineering (Course 22) 187

The department utilizes extensive experimental
plasma facilities for the production and confine-
ment of large volumes of highly ionized plasmas
and for studies of plasma turbulence, particle
motions, and other phenomena. High-power
lasers and other equipment are available both
for plasma diagnostics and study of basic
physical interactions. The department has
facilities to support a unique program of con-
trolled fusion engineering studies and has its
own well-equipped graduate laboratory for
instruction on plasma laboratory techniques.

Most of the departmental research on plasmas
and controlled fusion is done in the Plasma
Fusion Center. The department has played a
major role in the design and development of
high magnetic-field fusion devices. Currently
there are two major plasma experiments at
MIT-the Alcator C-Mod Tokamak, and the
Versatile Toroidal Facility (VTF) - both located in
the Plasma Fusion Center (described in Chapter
VI). Through its activities in the Plasma Fusion
Center, the department is also the national
leader in the design of magnets, both copper
and superconducting. Such magnets may be
used not only for fusion devices, but also for the
superconducting supercollider, and for magneti-
cally-levitated transportation systems.

In the Whitaker College Biomedical Imaging and
Computational Laboratory, a variety of radiation
therapy and medical physics research projects
are in progress. The laboratory houses eleven
computer workstations, which are used primarily
for Monte Carlo simulation of different radiation
types and for image processing analysis.

In addition to the above facilities, the depart-
ment has a nuclear instrumentation laboratory,
a plasma physics laboratory, a 14 MeV neutron
source, and two subcritical natural uranium
reactors, one moderated by water and the other
by graphite. Laboratory space and shop facili-
ties are available for research in all areas of
nuclear engineering. A state-of-the-art scan-
ning electron microscope that can be used to
study irradiated specimens is available. A num-
ber of computer workstations dedicated to
simulation, modeling, and visualization, as well
as MIT's extensive computer facilities, are used
in research and graduate instruction.

Financial Aid

Financial aid for graduate students is available in
the form of research and teaching assistant-
ships, department-administered fellowships, and
supplemental subsidies from the College Work-
Study Program. Assistantships are awarded to
students with very good academic records. The
duty of a teaching assistant is to assist a faculty
member in the preparation of subject materials
and the conduct of classes, and that of a re-
search assistant is to work on a research project
under the supervision of one or more faculty
members.

Most fellowships are awarded in April for the
following academic year. Assistantships are
awarded on a semester basis. The assignment
of teaching assistants is made before the start of
each semester, while research assistants can be

assigned at any time. Fellowships and research
assistantships usually go to students already
enrolled in the department; for entering stu-
dents, the majority of the aid therefore is in the
form of teaching assistantships.

Application for financial aid should be made to
Professor D. Lanning, Room 24-105, MIT,
Cambridge, MA 02139-4307, (617) 253-3843.

Inquiries

Additional information on graduate admissions
and academic and research programs may be
obtained from the department's Graduate
Office, Room 24-105, MIT Cambridge, MA
02139-4307, (617) 253-3814.
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Overview Undergraduate Study

For centuries, the oceans have served societal
needs by providing avenues of transportation,
resources of food and minerals, and natural
barriers of defense. These uses of the ocean are
perhaps even more important today as the
world faces problems of growing populations
and shrinking resources. Out of the need for
increased utilization of the ocean has come a
heightened sense of purpose. Simply stated,
the task of ocean engineering is to use the
oceans effectively and wisely.

The Department of Ocean Engineering provides
the essential skills that ultimately enable its stu-
dents to conceive, initiate, and direct complex
engineering projects. Such tasks demand flex-
ible and adaptive engineering minds. The de-
gree requirements in ocean engineering begin
with the same basic mathematics, science, and
engineering subjects as other traditional engi-
neering disciplines and then extend this training
to prepare a professional who is capable of re-
sponding to the broad demands of complex
engineering tasks. Through selection of degree
programs and elective subjects, students may
concentrate in areas such as structures, fluid
mechanics, oceanographic engineering, or
naval architecture.

For nearly a century, MIT has been a leading
center of ship research and design, and is
widely recognized for its contributions in such
areas as hydrodynamics, ship structural me-
chanics and dynamics, propeller design, and
overall ship design. The Pratt School of Naval
Architecture and Marine Engineering, which was
established through a bequest to MIT in 1912, is
an integral part of the Department of Ocean
Engineering. Building upon this historical base,
the department's curriculum today offers stu-
dies in all systems that must operate in an
ocean environment.

Marine transportation encompasses broad
questions of international trade. The ocean
engineer must be able to assess in an inte-
grated fashion a wide range of technical, eco-
nomic, and political considerations. Other
aspects of marine transportation include design-
ing deep-water ports, integrating harbor facilities
with land-based transportation systems, and
planning new uses of waterways to help solve
urban transportation problems.

Oil and gas beneath the ocean floor are increas-
ingly important sources of energy. An ocean
engineer is concerned with all phases of discov-
ering, producing, and delivering offshore petro-
leum resources, a complex and demanding
task. Also of central importance is the develop-
ment of new methods to protect marine wildlife
and coastal regions against the undesirable side
effects of offshore oil production.

Once regarded as an inexhaustible source of
food, the oceans are now approaching critical
levels of depletion for some species. Engineer-
ing techniques of analysis and prediction are
essential to maintain the delicate natural bal-
ances of the oceans. Ocean engineers, together
with marine biologists, aquatic ecologists, and
public policy planners, have a critical role to
play in managing ocean resources to ensure the
survival of marine species and continuing
supplies of food for the world.

Oceans serve as natural barriers of defense for
many nations, and careers in ocean-related
defense offer some students a logical extension
of their ocean engineering education. The
department offers subjects designed to enable
people to cope with technologies relevant to
modern naval systems, including ship design
alternatives, seafloor habitats, sonar systems,
and underwater navigation and communication.

The education of an ocean engineer or a naval
architect revolves around three central compo-
nents. The first is a firm foundation in such
basics as hydrodynamics, structural mechanics,
vibratory phenomena, energy conversion,
materials, and electronics. Second, the engineer
needs broad exposure to and practical experi-
ence in skills such as analysis and design.
Third, the context for specific applications
needs to be understood. The department's
undergraduate and graduate programs com-
bine these components in a balanced way to
provide an educational base upon which to

uild a rewarding career.

Once a student has attained the engineering
basics, individualized programs to meet particu-
lar interests are strongly encouraged. The
department's faculty has wide and continuing
research and industrial experience. Departmen-
tal facilities - including a variable-pressure
propeller tunnel, an ocean engineering testing
tank, an acoustics and vibration laboratory, a
design laboratory, and computer facilities -
offer a variety of opportunities for laboratory
experience.

Bachelor of Science in Ocean Engineering
Course XIII

The basic program offered by the department is
designed for students interested in engineering
aspects of ocean sciences, ocean exploration,
and the utilization of the oceans for transporta-
tion, defense, and resources. The program
leads to the Bachelor of Science in Ocean
Engineering or without designation of field. The
curriculum without designation of field permits
pursuit of broader marine-related interests.
Graduates are prepared for work in industry or
government, or for further study in graduate
school.

All Course XIII undergraduates take the same
required subjects in mathematics, science, and
engineering fundamentals, along with subjects
fulfilling the General Institute Requirements.
Some departmentally prescribed subjects may
be replaced by other subjects if such substitu-
tions enhance student objectives. The elective
program consists of two parts: planned elec-
tives, which are designed to meet the student's
Course objective, and unrestricted electives,
which permit further study in specialized areas
or a broadening of the student's overall educa-
tional experience.

The department offers counseling to students
wishing to use some combination of planned
and unrestricted electives for environmental
studies. Such a course of study is similar to the
other four-year MIT programs, supplemented
with elective studies, that prepare students for
environmentally related work.

The Course XIII program leading to the Bache-
lor of Science in Ocean Engineering is accred-
ited by the Accreditation Board for Engineering
and Technology.
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Bachelor of Science in Ocean Engineering
Course XiII
CLASS OF 1997 or later See Notes on Course Xiii below.

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement' a
Restricted Electives In Science and Technology (REST)
Requirement* [two subjects can be satisfied from among
2.01, 6,071. 18.03, and 13.010 or 13.016 in the Departmental
Program] 3

Laboratory Requirement [can be satisfied by 13.017
and 13.018 in the Departmental Program) 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units and by
prerequisites it any (corequisites in italics)
Required Subjects

2  
135

18.03 Differential Equations, 12. REST. 18.02*
13010 Introduction to Ocean Science and Technology,

12, REST 8 01. 18.02
13.012 Fluid Mechanics for Ocean Engineers, 15; 13,010.

18.03
2,01 Mechanics of Solids. 12, REST 8.01. 18.02

13.014 Marine Structures and Materials, 12: 2.01. 18.03
13.013J Dynamics. 12: 2.01, 2.02, 18 03*
13015 Mathematical Methods in Ocean Engineering. 12:

1803
13016

6.071

13,017

13.018

Introduction to Geometric Modelling and
computation, 12. REST: 8 01, 18.02
Electronics and instrumentation, 12, REST 18,01.
8.02
Design of Ocean Systems 1, 12, LAB: 2.01, 13.010,
13.012
Design of Ocean Systems 11, 12. LAB: 6.071,
13017

Restricted Electives 48

The student with the help of the faculty advisor must propose a
program of not less than 48 units in an area of ocean engineer-
Ing This program must be approved by the Ocean Engineering
Undergraduate Program Committee and must Include at least
12 units of an individual research or design project.

Departmental Program units that also satisfy the GIRs (36)

Unrestricted Electives 48

Total Units Beyond the GIRs Required for S.B. Degree 195

No subject can be counted both as part of the 17-subject GIRs
and as part of the 195 units required beyond the GIRs Every
subject in the student's departmental program will count toward
one or the other, but not both.

Notes on Course Xiii
CLASS OF 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

114.01 or another economics subject is strongly suggested in
the Humanities, Arts, and Social Sciences Requirement if
another subject in the field of economics and management is
not Included in the elective program.
2
Students must receive a grade of C or better In core subjects

which serve as prerequisites for other departmental core
subjects before continuing In the departmental program.

*Alternate prerequisites are listed in the subject description.

**The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter Ill for further details on
this and other Institute requirements.

Bachelor of Science in Ocean Engineering
Course Xi-C

Course XIII-C is an Engineering Internship
Pro ram that enables students to combine
professional experience with their academic
work, while at the same time providing for part
of their educational expenses. The four-year
program leads to the Bachelor of Science in
Ocean Engineering. Students in the internship
program may also apply for admission to the
Graduate School to obtain the Bachelor of
Science concurrently with the Master of Science
at the end of their fifth year. This program is part
of the Engineering Internship Program, de-
scribed in detail in the School of Engineering
section.

All MIT sophomores in good standing can apply
for entrance to the program. Alternating periods
at the Institute and at cooperating work sites are
arranged so that graduation is not delayed
beyond the normal date.

The companies and laboratories participating in
the internship program cover all important
aspects of ocean engineering. Assignments with
these organizations provide opportunities to
participate in activities such as construction,
testing, design, development, research, and
technical planning.

The Course XIII-C program leading to the
Bachelor of Science in Ocean Engineering is
accredited by the Accreditation Board for Engi-
neering and Technology.

The Course XIII-C curriculum is identical to
Course XIII, except that 13.771 Engineering
Internship (12 units) is taken in place of the12
units of individual research or design project in
the restricted electives. Further details may be
obtained from the department.

Combined Bachelor's and Master's Degree
Program

Programs leading to a joint Bachelor of Science
(in aeronautics and astronautics, civil engineer-
ing, electrical engineering, mechanical engi-
neering, or ocean engineering), and a Master of
Science (in ocean engineering or in naval
architecture and marine engineering) are avail-
able to students who, early in their undergradu-
ate studies, decide to pursue a graduate degree
in ocean engineering or naval architecture and
marine engineering. Students who wish to enter
such a program must meet the graduate admis-
sion requirements of the Department of Ocean
Engineering. They must submit their applica-
tions for admission at the end of their junior
year. If admitted, the student's program is
arranged in consultation with the registration
officers of the two participating departments. For
further information, interested students should
contact the Departmental Student Administra-
tion Office.
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Graduate Study

Minor Program

The Minor in Ocean Engineering is intended
for undergraduates who wish to broaden their
overall education. This program is specifically
recommended to students who plan eventually
to practice their major discipline in an ocean-re-
lated application, or who intend to pursue later
graduate education in ocean engineering or
naval architecture.
The Minor Program consists of seven subjects.

Five fundamental subjects, including all three of
the following:

13.010

2.01

18.03

Introduction to Ocean Science
and Technology
Mechanics of Solids (or
equivalent)
Differential Equations

Introduction to Geometric
Modeling and Computation
Introduction to Computers and
Engineering Problem Solving
Introduction to Computer
Methods

one of the following:

13.013J
2.40
6.071
6.002

Dynamics, or equivalent
Thermodynamics, or equivalent
Introduction to Electronics
Circuits and Electronics

plus
Two additional subjects from among the follow-
ing, which allow more intensive study in one or
two specific areas:
13.012

13.014
13.021
13.017
13.018
13.011

Fluid Mechanics for Ocean
Engineers
Marine Structures and Materials
Marine Hydrodynamics I
Design of Ocean Systems I
Design of Ocean Systems II
Ocean Science and Technology
Laboratory

For a general description of the Minor Program,
refer to Chapter 1I1.

inquiries

Further information on undergraduate pro-
grams, admissions, and financial aid may be
obtained by contacting Professor Dick K-P Yue,
Room 5-326A, MIT, Cambridge, MA
02139-4307, (617) 253-6823.

Graduate study in the Department of Ocean
Engineering can lead to the following degrees:
Master of Science; Ocean Engineer; Naval
Engineer; Doctor of Philosophy; or Doctor of
Science.

An acceptable program of subjects plus an
acceptable thesis leading to the Master of
Science usually requires from one to two aca-
demic years, depending upon undergraduate
preparation.

The Ocean Engineer and Naval Engineer de-
grees require at least two years, including a
substantial thesis.

The Doctor of Science or Doctor of Philosophy
with a specification in an ocean-related field
usually requires more than three years following
a Bachelor of Science.

Students, together with their program advisors,
usually can tailor their programs of graduate
study to suit individual interests and career
objectives. Detailed departmental requirements
are available from the Departmental Student
Administration Office.

Entrance Requirements for Graduate Study

Undergraduate preparation for admittance to
graduate study in the Department of Ocean

ngineering ideally should be equal in quality,
uantity, and breadth of coverage to the
epartment's undergraduate curricula. An

undergraduate degree in ocean engineering is
not required.

If undergraduate preparation is lacking in one or
more areas, the deficiencies may be made up
concurrently with graduate work, usually by
successfully completing one or a few upper-
level undergraduate subjects. Undergraduate
subjects so required may not count toward
advanced degree requirements. Somewhat
more focused undergraduate work is required
of candidates for the degree of Master of Sci-
ence without specification, provided that the
student has a correspondingly increased com-
petence in areas pertinent to his or her pro-
posed graduate program.

Ocean Engineering/Naval Architecture
and Marine Engineering
Course Xiii

The department's curriculum leading to a
Master of Science in Ocean Engineering is
based on a broad working knowledge of all the
basic engineering skills. The intended outcome
of this program is a person whose main interest
is the development of the ocean for the good of

humanity, and in following this ambition is
prepared to use whatever engineering disci-
plines are needed to address the problem at
and. As a part of the more general field of

ocean engineering, naval architecture and
marine engineering are concerned with all
aspects of waterborne vehicles operating on,
below, and just above the sea surface. The
Master of Science in Naval Architecture and
Marine Engineering is intended to develop an
individual who plans to concentrate in areas
related to waterborne vehicles and/or their
subsystems.

Major fields of study or specialization include
(but are not limited to) the following:

Acoustics
Applied mechanics
Computer-aided design and fabrication
Fluid mechanics
Hydrodynamics
Marine data systems engineering
Marine materials and fabrication
Marine systems
Offshore engineering
Offshore platform design
Ship and offshore rig dynamics
Ship propulsion
Structural mechanics
Welding fabrication

Doctoral degrees are offered in the fields of
ocean engineering and naval architecture and
marine engineering. Students are admitted to
the doctoral program after successful comple-
tion of the appropriate qualifying examinations.
The student's program must be acceptable to
the Departmental Committee on Graduate
Students, with respect to depth in the major
area and breadth in collateral areas. Details on
the examination process and other require-
ments, including the doctoral thesis, may be
obtained from the Departmental Student Admin-
istration Office.

There are also a number of interdepartmental
doctoral programs available to students in the
department. Details are in Chapter VI.

Naval Construction and Engineering
Course Xill-A

This program provides appropriate academic
background for naval officers who later actively
participate in concept formulation, design, and
construction of naval vessels. In addition to
general engineering and science and a core
program of subjects in ocean engineerin, each
student follows one of several specialized
curricula in aspects of, or applicable to, naval
construction and engineering.

one of the following:
13.016

1.00

10.001
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The program leads to the Naval Engineer or
Master of Science degrees. For programs
leading to the Naval Engineer, a Master of
Science may be awarded simultaneously upon
recommendation of the department or of some
other department related to the student's spe-
cialty. For programs leading to the Master of
Science, an additional Master of Science may
be awarded simultaneously in a second field of
specialization upon recommendation of the
department represented by that field.

Ocean Systems Management
Course Xill-B

The XIII-B Program in Ocean Systems Manage-
ment offers both Master of Science and Doctor
of Philosophy degrees.

The master's program is intended for students
with solid engineering backgrounds who are
interested in the business and government
management aspects of ocean engineering
systems and activities, including ocean trans-
portation, marine resource development, envi-
ronmental management, public policy and
ocean use, ocean mining, ports, and fisheries.
Technical background should consist of an S.B.
degree in engineering or science. Background
should include at least one undergraduate
subject each in differential equations, probabili-
ty, and microeconomics. Any deficiency should
be eliminated during the first term at MIT Stu-
dents without a background in ocean engineer-
ing are required to take a subject in design.

Depending on background preparation, a
student entering this program can take from
one to two years to complete the degree. The
program can be accomplished in one year by a
department undergraduate who carefully sched-
ules his or her elective time from the junior year
on. Such a student is awarded concurrently an
S.M. in Ocean Systems Management and an
S.B. degree. Further information on the master's
program requirements can be obtained from the
Departmental Student Administration Office.

The doctoral degree program in ocean systems
management requires the development of new
knowledge that enhances the state of the art in
this area. To achieve that goal, the student must
complete a program of study and write a disser-
tation that successfully integrates theory, meth-
odolo y, and experience in the fundamental
disciplines that constitute the ocean systems
management area, such as engineering, eco-
nomics, business administration, operations
research, public policy analysis, and law. Stu-
dents are admitted to the doctoral program after
passing the appropriate written and oral qualify-
ing examinations. Further information on the
doctoral program requirements and examination
process may be obtained from the Departmen-
tal Student Administration Office.

Ocean Engineer or Naval Engineer

The programs leading to the Ocean Engineer or
Naval Engineer degrees require a higher level
and significantly broader range of professional
competence in engineering than that required
for the S.M. degree. The program for an engi-
neer's degree ordinarily includes subjects in the
areas of economics, industrial management,
and public policy or law, and at least 12 units of
comprehensive design. Should the student be
working toward the simultaneous award of the
engineer's and master's degrees, a single thesis
is generally acceptable, provided it is appropri-
ate to the specifications of both degrees and
demonstrates the educational maturity expected
of candidates for the higher degree. Additional
information on departmental requirements is
available from the Departmental Student Admin-
istration Office.

Technology and Policy

The department also offers a Master of Science
in Technology and Policy. This program edu-
cates students with a strong technical founda-
tion in a marine-related field and builds compe-
tence in dealing with policy issues. This
interdepartmental program is described in
Chapter VI. Requirements for entry into this
program are the same as those required for the

ll-B Program with adjustments made for the
special requirements of the Technology and
Policy Program.

Transportation

The interdepartmental degrees in transportation
are offered in cooperation with the Center for
Transportation Studies. Ocean engineering
students studying transportation at the master's
or doctoral level may enroll in this interdepart-
mental program. Transportation program re-
quirements are described in Chapter VI.

Management of Technology Program

Individuals interested in applying their ocean
engineering background and at least five years
of technical work experience to issues in techni-
cal management may apply for admission to the
Management of Technology Program. Jointly
developed and offered by MIT's School of
Engineering and the Sloan School of Manage-
ment, the program entails a rigorous 12-month
curriculum, focusing on management principles
for technical persons in a technical environ-
ment. The program is designed for scientists
and engineers on a career path requiring in-
creasing managerial responsibilities for technical
activities. Details of the program are described
in Chapter VI.

Joint MIT-Woods Hole Oceanographic
Institution Program
Course XII-W

A joint program with WHOI is intended for
students whose primary career objective is
oceanographic engineering. Students divide
their academic and research efforts between the
campuses of the two institutions. Joint program
students are assigned an MIT faculty member
as academic advisor: however, thesis research
is supervised by MIT or WHOI faculty. While in
residence at MIT, students enrolled in this
Course follow a program similar to that of other
students in the department. The program is
described in more detail under the section
below, Joint Program in Oceanography and
Applied Ocean Science and Engineering with
the Woods Hole Oceanographic Institution.

Assistantships and Graduate Scholarships

There are a limited number of teaching and
research assistantships available to graduate
students in the department each year. These are
awarded on the basis of both qualification and
need. The duties associated with these assis-
tantships contribute directly to the assistant's
educational program. An assistant may register
for 48 to 55 units per term, depending on the
level of appointment held. Additional registration
may be allowed when directly connected with
an assistant's assigned duties.

A limited number of awards and scholarships is
available to graduate students in the depart-
ment. Scholarships are awarded each year by
the Society of Naval Architects and Marine
Engineers. These awards can be used for study
at any institution of the recipient's choice and
usually are awarded to applicants who, through
their education or their professional work, have
evidenced strong interest in some field of naval
architecture and marine engineering or in ocean
engineering. Fellowships are also awarded each
year by the Office of Naval Research (ONR)
Department of Defense (DOD), and the National
Science Foundation (NSF).

Prospective students are invited to communi-
cate with the department regarding any of these
educational and financial opportunities. Applica-
tions for the Society of Naval Architects and
Marine Engineers Graduate Fellowships, Office
of Naval Research, Department of Defense, and
National Science Foundation fellowships are
made directly to the appropriate society. Inqui-
ries for the fall term should be made late in the
preceding fail term.

Inquiries

Additional information concerning academic
programs, research opportunities, admissions,
and financial aid may be obtained by writing to
the Student Administrator, Department of Ocean
Engineering, Room 5-225, MIT, Cambridge, MA
02139-4307, (617) 253-1994.



School of Humanities and Social Science 193

School of Humanities and Social Science

Economics (Course 14)
Humanities (Course 21)
Linguistics and Philosophy (Course 24)
Political Science (Course 17)
Program in Science, Technology, and Society (STS)
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The School of Humanities and Social Science
reflects the great diversity of MIT today. In a
university whose activities center around
science and technology, the School represents
the main fields of the liberal arts. Strong
graduate programs exist in economics,
linguistics, philosophy, and political science:
students and faculty participate extensively in
the research activities of numerous centers,
laboratories, and departments outside the
School. There is an ambitious and steadily
broadening program of undergraduate
education, which includes majors in
anthropology/archaeology, economics, foreign
languages and literatures, history, literature,
music and theater arts, philosophy, political
science, science, technology and society, and
writing. The recent establishment of minor
programs in most of the aforementioned fields
and in African and African Diaspora Studies,
East Asian Studies, European Studies, Film and
Media Studies, History of Art and Architecture,
Latin American Studies, Middle Eastern Studies,

Psychology, Russian Studies, and Women's
Studies offers yet another opportunity for
undergraduate exploration in Humanities, Arts,
and Social Sciences. A flourishing program of
extracurricular activities attracts many students,
notably in drama and in music. Student
participation in musical activities is, indeed,
perhaps more extensive at MIT than at any other
major university, with a vigorous symphony
orchestra, several strong choral groups, a fine
jazz band, a concert band, and a wide variety of
similar groups.

The graduate programs are among the stron-
gest at MIT. The esprit de corps is strong and
there is a marked emphasis on developing new
and exciting fields of inquiry. Many students
take advantage of the opportunity to develop
close associations with such interdisciplinary
centers and programs as the Center for Interna-
tional Studies, the Artificial Intelligence Laborato-
ry, the Energy Laboratory, the Research
Laboratory of Electronics, the Program in Psy-

chology, the Center for Cognitive Science, and
the Women's Studies Program. A doctoral pro-
gram in the History and Social Study of Science
and Technology is offered by the history faculty
and the Programs in Anthropology/Archaeology
and Science, Technology, and Society. Some of
the graduate programs stress the use of mathe-
matical and computer-oriented skills, but many
doctoral theses are concerned with non-quanti-
tative social science or humanistic topics. More-
over, graduate students are not entirely confined
to the established doctoral programs. There is
always room for a highly motivated student to
develop his or her own program.

The research achievements of the School are
perhaps best known to the world at large
through the widely publicized achievements of
certain distinguished members of the faculty.
The chief emphasis of research in the School,
however, as in the rest of the Institute, has been
less on the activities of brilliant individuals than
on teamwork. The Department of Economics

raft,
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and the Sloan School of Management cooper-
ate closely in a number of branches of applied
economics. Studies of the labor market are con-
ducted by economists, sociologists, and politi-
cal scientists. A long-established concern with
science and public policy involves people all
over the Institute, and is particularly strong in
the Department of Political Science and the Pro-
gram in Science, Technology, and Society. A
growing interest among musicians in acoustics
and computers leads them to work jointly with
electrical engineers. As the engineering depart-
ments have become increasingly concerned
with questions of applied social science, such
as energy management, urban transportation
problems, and the exploitation of the sea bed,
new opportunities have emerged for
collaboration.

Undergraduates benefit in a variety of ways from
these advanced research and training pro-
grams. For example, students take part in
graduate seminars and may find part-time
professional employment on faculty research
projects.

Once undergraduates have fulfilled the
Institute's Science Requirement, they may
devote all of their time to the humanities and
social sciences and acquire a solid foundation
for advanced work in any of the disciplines
represented in the School. The student of the
humanities or social sciences who wishes to
deepen his or her fluency in science or engi-
neering, perhaps with an eye to a career in
those fields, will also find the freedom (i.e., free
elective time) to do so.

A chief concern of the School in undergraduate
education has long been the provision of sub-
jects to fulfill the purposes of the Institute's
Humanities, Arts, and Social Sciences Require-
ment. The School of Architecture and Planning
offers some subjects that satisfy the require-
ment, but the great majority are provided by the
School of Humanities and Social Science. The
object of the requirement, broadly stated, is to
ensure that every undergraduate at MIT is
exposed to a wide range of cultural and intellec-
tual influences. MIT seeks to offer much the
same range of subjects as a first-rate liberal arts
college, in addition to the special offerings
made possible by well-developed graduate and
research programs. The range of options is
constantly changing, as new activities evolve at
MIT and as student interests change.

The School is particularly eager to encourage
students equally concerned with the sciences
and technology and with the humanities and
social sciences to come to MIT, in the belief that
modern society has been unduly constricted
intellectually by the tradition that has tended to
segregate scientific and humanistic education.
Undergraduate education at MIT is moving
increasingly in the direction already being taken
by research, and is placing a growing emphasis
on collaborative endeavors which connect the
sciences, engineering, and humanities.

To stress this new development is not to imply
that MIT emphasizes science and technology in
all its offerings in the humanities and social
sciences. Ample room remains for more or less
conventional majors in Anthropology/Archaeolo-
gy, Economics, Foreign Languages and Litera-
tures, History, Literature, Music, Philosophy,
Political Science, and Writing and Humanistic
Studies. Students continue to demand the best
in the humanities and social sciences as they
demand the best in science and engineering.
However, the emphasis continues to be on
making MIT undergraduate education some-
thing quite distinctive.

The School of Humanities and Social Science
administers the Center for International Studies.
For a description of the center, refer to Chapter
VI of this catalogue.

Office of the Dean

Philip S. Khoury, Ph.D.
Professor of History
Dean

Harriet Ritvo, Ph.D.
Professor of History and Writing
Associate Dean

Douglas W. Pfeiffer, M.B.A.
Assistant Dean for Finance and Administration

David L. Lundberg, Ph.D.
Assistant Dean for Development

Susan Mannett
Assistant to the Dean for Personnel

Bette K. Davis, Ed.D.
Coordinator, Humanities, Arts, and Social
Sciences Office

School Faculty and Staff Without
Departmental Affiliation

Betsey Barker Price, Ph.D.
Senior Lecturer in the Humanities

Professors Emeriti

Martin Dyck, Ph.D.
Professor of German and Literature, Emeritus

William Nash Locke, Ph.D.
Professor of Modern Languages, Emeritus
Director of Libraries, Emeritus
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Interdisciplinary Programs

The School offers a number of undergraduate
academic programs embracing several disci-
plines. In general, these programs are staffed
collaboratively by faculty members from various
departments and fields in the School of Huma-
nities and Social Science and, in some cases,
from the Institute's other Schools as well.

Concentrations within the Humanities, Arts, and
Social Sciences Requirement are available in all
of these areas, with degree programs available
in some of them.

Full information on subjects offered, names of
participating faculty, and specific concentration
and major requirements in these programs may
be obtained from the individual program coordi-
nator or from the Humanities, Arts, and Social
Sciences Information Office, Room 14N-408,
(617) 253-4441. The lists of subjects also appear
in the Guide to the Humanities, Arts, and Social
Sciences.

Brief descriptions of the programs follow.

American Studies

American Studies at MIT offers students the
opportunity to organize subjects from various
fields (e.g., History, Anthropology/Archaeology,
Literature, Political Science, Music, Art and
Architecture, and Urban Studies) into personally
constructed interdisciplinary programs as a way
of gaining an integrated understanding of
American society and culture.

American Studies is a field of concentration; it is
also available as the humanities component of a
joint degree program (Course XXI-E or XXI-S),
or as a full major by special arrangement.
American Studies majors work out a coherent
program of study with an advisor, usually includ-
ing two subjects each in literature and history,
although variations are possible. Major pro-
grams can center on a particular interest (e.g.,
law in America, contemporary American politics,
the 19th-century American novel) or aim more
broadly at a comprehensive knowledge of
various aspects of America. See the section
Additional Degree Programs under the Depart-
ment of Humanities.

The coordinator of American Studies is Profes-
sor Arthur D. Kaledin, Room E51-118, (617)
253-4144, or 253-4965.

Ancient and Medieval Studies

Through a wide variety of subjects drawn from a
number of disciplines, this program provides a
curricular framework for exploring topics in
ancient and medieval studies which range from
the history of ideas and institutions to that of
material artifacts, literature, and certain of the
original languages. The program spans the
6,500 years between 5000 B.C. and 1500 A.D.

This program's goal is to develop knowledge
and understanding of the more distant past both

for itself, in its uniqueness, and as an object of
specifically modern questions and methods of
inquiry. The program has an interest in the
structure of institutions and social systems, and
in relationships between the social order and
learned traditions, values, ideologies, and ideas.
Ancient and medieval studies derive a special
claim to our interest from the fact that the record
is so full and multiform and that much of it is of
exceptionally high quality at once in substance
and form.

For students whose primary interest is in antiqui-
ty, individual programs are to be determined in
consultation with Professor J. E. Lendon, Room
E51-116, (617) 253-4451. Those whose primary
interest is in the medieval period should consult
with Professor L. V Galdieri, Room 14N-433,
(617) 253-8873.

Film and Media Studies

The program in film and media offers MIT
undergraduates an opportunity for interdisciplin-
ary study of film, television, and other media of
mass communications. The goal of the program
is to develop an understanding of the historical,
cultural, and artistic significance of film and
other modern media.

The curriculum is broadly organized into two
basic categories. The first is devoted exclusively
to film and emphasizes the historical and artistic
perspectives of the liberal arts. The second
category- comparative studies in film and
media-aims to combine social-scientific and
humanistic perspectives and to compare con-
temporary forms of communication with their
ancestors in older cultures and with other
contemporary technologies.

Some of the subjects that comprise the core
curriculum make use of such resources as the
MIT Cable Television System, which telecasts
films and specially prepared tapes in conjunc-
tion with particular subjects; the Harvard Film
Archive, which contains primary film and video
materials as well as books and periodicals
devoted to film and media: and the Communi-
cation Forum, which brings to MIT outstanding
scholars, media practitioners, and media execu-
tives. Many core subjects also exploit video
technologies in the classroom and encourage
students to use video playback systems in
preparing for tests and essays.

Faculty drawn from the following fields regularly
teach subjects in the core curriculum: Art and
Architecture, Foreign Languages and Litera-
tures, Literature, the Media Laboratory, Music
and Theater Arts, Philosophy, and History.

The Director of Film and Media Studies is
Professor Henry Jenkins, Room 14N-437,
(617) 253-3068.

The Minor Program in Film and Media
Studies consists of six subjects arranged into
three levels of study as follows:

TIER 1: One subject

21L 011 The Film Experience

TIER 11: Three or four subjects from the
following

21 L 021 Comedy
21 L 430 Popular Narrative
21 L 432 American Television: A Cultural

History
21 L 433 Major Film Directors
21 L 434 Science Fiction
21 L 435J Film and Literature
21 F 341 French Film Classics
21 F 856 The German Cinema
21M 284 Film Music
MAS 440 Workshop in Elastic Movie Time
MAS 845 Special Topics in Cinematic

Storytelling

TIER Ill: At least one subject from the
following

21L 706
MAS 443

21L 996,
21L 997

Studies in Film and Media
Special Projects in Video
Production
Special Topics in Film and Media

Integrated Studies Program

The Integrated Studies Program (ISP) personi-
fies the MIT Mens et Manus motto, putting to
work the minds and hands of students. The
centerpiece of the program is an unusual huma-
nities subject that focuses on technology and its
role in society. Specific technologies ranging
from food production, weaving, and blacksmith-
ing to the design of clocks, internal combustion
engines, and communications systems are
examined in the contexts of a variety of cultures.
Students read and write about these technolo-
gies and discuss relevant issues in seminar
sessions, where they also make connections
between what they encounter in their humani-
ties and science subjects. Reflecting ISP's belief
in learning by doing, students attend weekly
workshops where they practice the technologies
studied. The goal of the program is to develop a
deeper understanding o science and technolo-
gy through hands-on experience and real-
world examples, and to increase appreciation
for the richness and variety of human society.

Students joining ISP will be advised through a
six-unit freshman advising seminar. The semi-
nar's emphasis is on understanding how things
work, and how engineers approach design
tasks. ISP offers HASS-D subjects in the areas
of Cultural and Social Studies and Historical
Studies. Students attend lectures in calculus,
physics, and chemistry with the rest of the
fresnman class, but enroll in special ISP recita-
tions. Where appropriate, classwork is supplem-
ented by workshops and laboratories.
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ISP's services and facilities include tutors, study
and lounge space, and access to personal
computers. A sense of community is fostered
by special program activities, including a weekly
series of luncheon speakers. Program enroll-
ment is limited to 40 freshmen.

ISP is codirected by Professor Arthur Steinberg,
Department of Anthropology and Archaeology,
and Professor Larry Bucciarelli, School of
Engineering. For more information, contact
Debra Aczel, Room 20C-108, (617) 253-4074.

Latin American Studies

The program in Latin American Studies offers
MIT stu ents the chance to explore intercon-
nections among culture, society, and politics in
a major third world area. The program prepares
MIT students to understand the complex forces
that shape Latin American development. The
subjects offered at MIT in Latin American
Studies are drawn from various disciplines,
primarily Foreign Languages and Literatures,
History, Anthropology/Archaeology, and
Political Science.
Latin American Studies is available as a concen-
tration and also as the humanities component of
a joint degree program (Course XXI-E or
XXI-S). For the major, students must take at
least one advanced subject conducted in
Spanish (or Spanish III and IV). No more than
four subjects can be from a single discipline; no
more than two can focus on the Iberian penin-
sula. See the section Additional Degree Pro-
grams under the Department of Humanities.

The coordinator of Latin American Studies is
Professor Elizabeth J. Garrels, Room 14N-323,
(617) 253-5276.

Program In Psychology

Psychology, the study of human mental life and
behavior, is represented at MIT as a program in
the School of Humanities and Social Sciences,
and as a concentration within the undergraduate
HASS Requirement. Faculty and subjects in
psychology are found in many MIT depart-
ments, including Brain and Cognitive Sciences
(IX), Management (XV), History (XXI), Architec-
ture (IV), and STS. Students who wish to con-
centrate in psychology take a set of subjects
from these departments, chosen in consultation
with the concentration officer for the Program in
Psychology (details are available at the HASS
off ice).

Students who wish a more substantial education
in the field may minor in Psychology. A minor
involves six subjects startin with 9.00 Introduc-
tion to Psychology. Detailed information about
the minor is found in the description of under-
graduate study for Course IX, Department of

rain and Cognitive Sciences.

In addition to taking psychology subjects,
undergraduates may take advantage of a wide
range of research opportunities (generally via
the UROP program). Students should ask the
UROP coordinators for specific departments
about projects currently available.

Psychology exists as a major at MIT only as a
major departure within Course XXI. Interested
students might consider majoring in Cognitive
Science (Course IX). See the description under
the Whitaker College of Health Sciences and
Technology, or contact Professor Alan Hein,
E10-008, (617) 253-0482, for further information
about the Course IX major.

For other information about the Program in
Psychology, contact Professor Alan Hein,
E10-008, (617) 253-0482.

Russian Studies

The Russian Studies program allows undergrad-
uates to focus on the literature, history, and
culture of the constituent republics of the former
Soviet Union, with particular attention to the
Russian Republic. Subjects are to be taken
primarily in history, literature, political science,
and Russian language.

Russian Studies may be taken as a concentra-
tion or as the humanities component of a joint
de ree program (Course XXI-E or Course
XXI-S). equirements for the major include
Russian IV and at least one subject in both the
history and literature of pre- revolutionary Rus-
sia. See the section Additional Degree Programs
later in this chapter.

The current coordinator of Russian Studies is
Professor Donald Blackmer, E53-449, (617)
253-3145.

Women's Studies Program

Women's Studies involves a recognition of the
importance of gender as an analytic category in
traditional academic disciplines. Subjects of-
fered in this program provide students with an
alternative way to think about fields of study,
reading back into those fields the social, histori-
cal, and cultural experiences and contributions
of women. A women's studies perspective adds
an important and long-neglected dimension to
traditional humanistic, scientific, and social
scientific disciplines by reconstructing stan-
dards for theory and methodology in fields as
diverse as biology, psychology, literature, histo-
ry, and urban studies.

The curriculum includes a core subject, Intro-
duction to Women's Studies, and a selection of
subjects from many departments at the Institute,
listed in the Special Programs section of Chap-
ter VIII. A full major (known as a major depar-
ture) is available by special arrangement.
Women's Studies also offers a minor program
and a concentration.

Women's Studies subjects analyze the sex/
gender systems of this and other cultures in
historical perspective. They examine how mas-
culinity and femininity are socially constructed
and whether there are any universals in the
definition of gender.

The program is described in greater detail in
Chapter Ill. Further information may be obtained
from Professor Ruth Perry, Room 14E-316,
(617) 253-8844.

The Minor Program in Women's Studies
enables students to progress from a broad
interdisciplinary introduction to the field to
discipline-specific subjects and specialized
seminars. The Women's Studies Minor encour-
ages students to consider gender as a category
of analysis in traditional scholarly inquiry.

The Minor Program in Women's Studies con-
sists of six subjects arranged into three levels of
study. Further detail is available from the Wom-
en's Studies Program, Room 14E-316, (617)
253-8844.

TIER 1: One subject

SP 401 Introduction to Women's Studies

TIER [I: Four subjects from the Women's
Studies curriculum in no less than three of the
following five areas

Literature and the Arts
History
Social Sciences
Science/Engineering/Technology
Interdisciplinary Women's Studies

TIER III: One advanced subject (Contact the
Women's Studies Program for a list of approved
subjects.)

The Graduate Consortium in Women's Stu-
dies at Radcliffe College is a pioneering effort
by faculty members of six degree-granting
institutions in the Boston area and Radcliffe
College to advance women's studies scholar-
ship through a series of interdisciplinary, team-
taught graduate seminars offered at Radcliffe
College. For course application information,
contact the Consortium at (617) 496-3022.



School of Humanities and Social Science 197

HASS Minors in Regional
Studies

The following Minors in Regional Studies have
been approved: African and African Diaspora
Studies, East Asian Studies, European Studies,
Latin American Studies, Middle Eastern Studies,
and Russian Studies. These interdisciplinary
programs provide MIT undergraduates with a
valuable opportunity to acquire knowledge of a
particular country or region in conjunction with
proficiency in a foreign language. Minors in
Regional Studies enable students to combine
their major in engineering or science or other
disciplines with a six-subject HASS program
focusing on the region of the world of greatest
interest to them. This better prepares them for
academic, business, and government careers in
a world where regions and countries are in-
creasingly interdependent.

Because the nature of these minors is cross-
disciplinary, combining foreign language study
with humanities, arts, and social sciences, they
are arranged into the following four areas of
study:

Area 1: Language (Intermediate level)

Area Ii: Humanities and the Arts

Area Ill: Social Sciences

Area IV: Historical Studies

Students are required to take six subjects (at
least three of which must be MIT subjects) in
the following configuration: two intermediate-
level language subjects (Area I) and four other
subjects, chosen from at least two of the other
three areas. If a student already has achieved
the equivalent of intermediate-level proficiency,
he or she can take either two more advanced-
level language subjects or two more subjects
from Areas 11, 111, or IV in place of the intermedi-
ate language subjects. Languages not presently
taught at MIT may be taken at Harvard or Well-
esley, or during the summer with the permission
of the Minor Advisor.

Details on each of the minors are given below.
Lists of subjects that are appropriate for a HASS
minor in each of the regional studies, as well as
additional information about minors, advisors,
etc., can be obtained from the relevant Minor
Advisor or from the HASS Office, Room
14N-408, (617) 253-4441.

Minor in African and African Diaspora
Studies

The Minor in African and African Diaspora
Studies is designed for students interested in
the cultures and experiences of the peoples of
African descent on the continent or elsewhere.
The minor includes study of economic and
political systems as they reflect the African
continent and areas of the African diaspora, and
the histories, languages, and literatures of
Africans and peoples of African descent else-
where. All of Africa falls within the geographical
scope of the minor. A student may concentrate
on a particular region or on any of the broad
groupings of African cultures, such as Arabic-
speaking, Anglophone, Francophone, or Luso-
phone Africa. Equally, a student choosing to
focus on the African diaspora may concentrate
on any group of African-descended populations
in the Americas. Students focusing on either
principal area (Africa or the African diaspora)
must also take at least one subject which deals
with the other area or with interactions between
them. The goal of the minor program is to
emphasize the importance of Africa and people
of African descent in world cultural, economic,
and social developments, and to provide a
balance between language, humanistic, histori-
cal, and contemporary study.

Students are expected to have two intermediate
(Levels Ill and IV) subjects in either the official
language of the region of study or in an indige-
nous African language. In cases where the
student is specializing in Anglophone Africa or
an English-speaking region of the diaspora, and
does not undertake study of an indigenous
language, or is a native speaker of the official
language(s) of a country or region of emphasis,
this component would be replaced by literature
or other humanities subjects.

Additional information can be obtained from the
Minor Advisor, Professor Willard Johnson,
E53-429, (617) 253-2952, or from the HASS
Office, 14N-408, (617) 253-4441.

Minor in East Asian Studies

The Minor in East Asian Studies is designed for
students interested in the language, history,
politics, and culture of Asia. East Asia, strictly
defined, includes the countries which share a
common background in the Chinese classical
tradition: present-day People's Republic of
China, Taiwan, Korea, Japan, and Vietnam; but
the core offerings at MIT cover China and
Japan. The goal of the Minor Program is to
provide balanced coverage of language, hu-
manistic, and social science offerings on the
region and to expose students to some compar-
ative perspective within the region.

The language requirement can be satisfied by
taking two intermediate (Levels Ill and IV) sub-
jects in an East Asian language (Mandarin
Chinese, Japanese, Korean, or Vietnamese).
Chinese and Japanese are now taught at MIT

Additional information can be obtained from the
Minor Advisor, Professor Peter Perdue, Room
E51-208, (617) 253-3064, or from the HASS
Office, Room 14N-408, (617) 253-4441.

Minor in European Studies

The Minor in Modern European Studies is
designed for students who are seeking a fuller
understanding of the forces which have shaped
modern Europe. The geographical and chrono-
logical scope of the Minor Program has been
made deliberately broad to accommodate the
wide variety of student interests. Subjects range
in content from the Renaissance to the present,
and from the British Isles to Central Europe. A
student can choose to focus on one particular
country or on a broader region, with a compara-
tive perspective. Given the breadth of offerings,
the student should consult closely with his or
her Minor Advisor in order to devise a coherent
program of study.

Students are expected to demonstrate interme-
diate level proficiency in a modern European
language other than English by taking two
intermediate (Levels Ill and IV) subjects, but
they need not concentrate their other subjects
on the country associated with that language.

Additional information can be obtained from the
Minor Advisor, Professor Isabelle de Courtivron,
Room 14N-305, (617) 253-4771, or from the
HASS Office, Room 14N-408, (617) 253-4441.

Minor in Latin American Studies

The Minor in Latin American Studies is designed
for students interested in the language, history,
politics, and culture of Latin America. The core
offerings at MIT largely concentrate on those
areas formerly colonized by Spain, although
students are not required to focus their study
exclusively on these areas. They are encour-
aged to develop a program that is both interna-
tional and comparative in perspective and that
takes into account the heterogeneous cultural
experiences of people living in the vast territory
loosely termed Latin America, as well as of
those people who identify themselves as Latin
American but who live in the United States.

Two intermediate (Levels Ill and IV) subjects,
either in Spanish or Portuguese, satisfy Area 1.
MIT offers Levels IlIl and IV of Spanish every
semester.

Additional information can be obtained from the
Minor Advisor, Professor Elizabeth Garrels,
Room 14N-323, (617) 253-5276, or from the
HASS Office, Room 14N-408, (617) 253-4441.
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Minor in Middle Eastern Studies

Middle Eastern Studies at MIT offers students
the opportunity to explore the connections
among culture, society, politics, economics,
technology, and environment in the Middle East,
including North Africa. MIT offers a number of
subjects open to undergraduates which provide
the student with a variety of perspectives on the
ancient, Islamic, and modern Middle East. The
goal of the HASS Minor Program in Middle

astern Studies is to lead the student from the
basic language into survey subjects and then
into more focused studies of individual coun-
tries or periods of time and to encourage think-
ing about broader analytical and comparative
issues in Middle Eastern Studies.

Two intermediate (Levels Ill and IV) subjects in
one of the following Middle Eastern languages
are required: Arabic, Hebrew, Persian, Turkish.
Because MIT does not offer instruction in these
languages, students may satisfy the Area I
language requirement at Harvard University.
They may satisfy the language requirement at
other institutions provided they receive permis-
sion in advance from the HASS Minor Advisor in
Middle Eastern Studies.

Additional information can be obtained from the
Minor Advisor, Professor Philip S. Khoury, Room
E51-234, (617) 253-3450, or from the HASS
Office, Room 14N-408, (617) 253-4441.

Minor in Russian Studies

The Russian Regional Studies Minor is intended
for students seeking an interdisciplinary pro-
gram of study centered on Russia and the
former Soviet Union. The historical, cultural, and
political importance of Russia itself, as well as
the nature of MIT's subject offerings, suggest a
primary concentration on that particular country,
the dominant element in the former Soviet
Union. The program is, however, regional in
spirit, given both the multinational and multicul-
tural role of the Russian Republic and the likeli-
hood that other former Soviet Republics choose
to remain in political and economic association
with it.

Two intermediate (Levels Ill and IV) subjects in
the Russian language, presently offered at MIT,
are required to satisfy Area 1.

Additional information can be obtained from the
Minor Advisor, Professor Donald Blackmer,
Room E53-449, (617) 253-3145, or from the
HASS Office, Room 14N-408, (617) 253-4441.
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Department of Economics

I Course 14)

Faculty and Staff

Stanley Fischer, Ph.D.
Elizabeth and James Killian Professor
Professor of Economics
Head of the Department

Paul Lewis Joskow, Ph.D.
Mitsui Professor of Economics and
Management
Associate Head of the Department

Professors

Olivier Jean Blanchard, Ph.D.
Professor of Economics

Peter Arthur Diamond, Ph.D.
Paul A. Samuelson Professor of Economics

Rudiger Dornbusch, Ph.D.
Ford International Professor of Economics

Richard Samuel Eckaus, Ph.D.
Ford International Professor of Economics
(On leave, spring)

Franklin Marvin Fisher, Ph.D.
Professor of Economics

Jerry Allen Hausman, D.Phil.
John and Jennie S. MacDonald Professor of
Economics

Paul Robin Krugman, Ph.D.
Class of 1941 Professor
Professor of Economics

Whitney K. Newey, Ph.D.
Professor of Economics

Michael Joseph Piore, Ph.D.
David W. Skinner Professor of Political Economy
Professor of Economics and Management

James Michael Poterba, D.Phil.
Professor of Economics
(On leave)

Jerome Rothenberg, Ph.D.
Professor of Economics

Richard Lee Schmalensee, Ph.D.
Gordon Y Billard Professor of Economics and
Management

Abraham J. Siegel, Ph.D.
Howard W. Johnson Professor of Management

Robert Merton Solow, Ph.D., LL.D., D.L.H.
Institute Professor
Professor of Economics

Peter Temin, Ph.D.
Elisha Gray I Professor
Professor of Economics

Lester Carl Thurow, Ph.D.
Gordon Y Billard Professor of Economics and
Management
(On leave)

William Cody Wheaton, Ph.D.
Professor of Economics and Urban Studies

Associate Professors

Abhijit Banerjee, Ph.D.
Pentti J.K. Kouri Career Development Associate
Professor of Economics

Roland Benabou, Ph.D.
Associate Professor of Economics

Ricardo Jorge Caballero, Ph.D.
Castle Krob Career Development
Associate Professor of Economics

Jeffrey Earl Harris, M.D., Ph.D.
Associate Professor of Economics

Assistant Professors

K. Daron Acemoglu, Ph.D.
Assistant Professor of Economics

Jushan Bai, Ph.D.
Assistant Professor of Economics

Andrew Barnes Bernard, Ph.D.
Assistant Professor of Economics

Dora Costa, Ph.D.
Assistant Professor of Economics

David Judah Genesove, Ph.D.
Assistant Professor of Economics

Jonathan Gruber, Ph.D.
Assistant Professor of Economics

John C. Heaton, Ph.D.
Assistant Professor of Management and
Economics
(On leave)

Michael Kremer, Ph.D.
Assistant Professor of Economics

Thomas Piketty, Ph.D.
Assistant Professor of Economics

J6rn-Steffen Pischke, Ph.D.
Assistant Professor of Economics

Lones A. Smith, Ph.D.
Assistant Professor of Economics

Postdoctoral Associate

Marco Li Calzi, Ph.D.

Visiting Professors

Steven J. Davis, Ph.D.
Associate Professor of Economics

Matthew Rabin, Ph.D.
Assistant Professor of Economics

Lars A. Stole, Ph.D.
Assistant Professor of Business Economics

Jean Tirole, Ph.D.
Professor of Economics

Administrative Officer

Maureen E. Maguire, B.A.

Graduate Student Administrator

Beverly Stohl

Computer Systems Manager

John Dippold, B.S.

Professors Emeriti

Morris Albert Adelman, Ph.D.
Professor of Economics, Emeritus

Sidney Stuart Alexander, Ph.D.
Professor of Economics and Management,
Emeritus

Robert Lyle Bishop, Ph.D.
Professor of Economics, Emeritus

Edgar Cary Brown, Ph.D.
Professor of Economics, Emeritus

Evsey David Domar, Ph.D.
Ford International Professor of Economics,
Emeritus

Harold Adolph Freeman, S.B.
Professor of Statistics, Emeritus

Charles Poor Kindleberger, Ph.D., D.H.C.
Ford International Professor of Economics,
Emeritus

Franco Modigliani, D.Jur., D.Soc.Sci., LL.D.
Institute Professor, Emeritus
Professor of Economics and Finance

Charles Andrew Myers, Ph.D.
Professor of Industrial Relations
Sloan Fellows Professor of Management,
Emeritus
Senior Lecturer

Paul Pigors, Ph.D.
Professor of Industrial Relations, Emeritus

Paul Anthony Samuelson, Ph.D., LL.D., D.Litt.,
Sc.D.
Institute Professor
Professor of Economics, Emeritus
Gordon Y Billard Fellow
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Overview

Economics is the study of all those aspects of
individual and social activities related to the
choice, production, distribution, and consump-
tion of goods and services. In relation to these
decisions, economics is concerned with the
behavior and interaction of individuals, private
firms, and other institutions and government
agencies. Thus, economics contributes to the
understanding of many important social prob-
lems: changes in efficiency and productivity,
fluctuations in the overall levels of economic
activity and employment, inflation, the effects of
government deficits, the growth and decline of
industries, changes in foreign exchange rates,
increases in international indebtedness, and the
behavior of the centrally planned and less
developed countries.

Subjects are offered in the major areas of
economics: theoretical and applied analysis at
the levels of the individual consumer, the firm,
and the industry, as well as aggregate economic
activity, industrial organization and health eco-
nomics, econometrics, public finance, urban
economics, labor economics and industrial
relations, comparative economic systems,
international trade and finance, economic
history, and economic development.

The objective of the Minor Program is to ex-
tend the understanding of economic issues
beyond the level of the concentration. This is
done through specialized analytical subjects
and elective subjects that provide an extensive
treatment of economic issues in particular areas.

The Minor Program In Economics consists of
six subjects arranged into three levels of study:

TIER I: Three subjects

14.01 Principles of Microeconomics
14.02 Principles of Macroeconomics

and either
14.30 Introduction to Statistical Method in

Economics
or

18.05 Introduction to Probability and
Statistics

TIER 11: One subject from the following four

14.03 Intermediate Applied Microeconomics
14.04 Intermediate Microeconomic Theory
14.05 Intermediate Applied Macroeconomics
14.06 Intermediate Macroeconomic Theory

TIER III: Two subjects

Two elective undergraduate subjects chosen
from the fields of applied economics. A list of
specific subjects is available in the Economics
Department Office, E52-391.

In addition to its broad undergraduate program,
the department offers a graduate program
leading to the Ph.D. in economics. The intro-
duction to the School of Humanities and Social
Science found earlier in this chapter describes
the department in the context of the School and
of MIT

Bachelor of Science in Economics
Course XIV
The Course leading to the Bachelor of Science
in Economics combines training in technical
economics with opportunities for a broad and
balanced undergraduate education. Students
may choose from a diversified group of under-
graduate subjects and are encouraged to
engage in independent research.

The aims of the undergraduate degree program
are threefold: to give students a firm grounding
in modern economic theory and a basic under-
standing of economic processes; to provide a
descriptive knowledge of the US and world
economies; and to develop in students the
capabilities for quantitative analysis and inde-
pendent thought. These aims correspond
roughly to the requirements in the Course XIV
program of theory, electives, statistics and
econometrics, and research.

The requirements allow substantial freedom for
students in designing individual programs within
economics and balancing the programs with
subjects in other disciplines. The large amount
of unrestricted elective time encourages stu-
dents to shape programs close to their own
needs and interests. Students may select pro-
grams that concentrate on economics and other
social sciences or may combine economics
with other fields. They may emphasize the
relation of economics and technology by
choosing their free electives in engineering and
science, or they may combine their studies in
economics with subjects in history and the
other humanities.

The successful completion of the degree pro-
gram prepares students for further study in
economics or for careers in business adminis-
tration and finance, industrial relations, law and
related fields, and government.

Although there are several satisfactory
alternative subject sequences, students who by
the end of their second year have taken 14.01
Principles of Microeconomics, and 14.02
Principles of Macroeconomics, can follow a
program that permits considerable depth in
electives in their third and fourth years. The
student can complete 14.03 Intermediate
Applied Microeconomics or 14.04 Intermediate
Microeconomic Theory, and 14.05 Intermediate
Applied Macroeconomics or 14.06 Intermediate
Macroeconomic Theory, 14.30 Introduction to
Statistical Method in Economics, and 14.31
Econometrics in the third year. This program
satisfies the prerequisites for all subjects and
prepares students for research on their thesis
and in other elective subjects in their fourth
year.

The department specifies one Restricted Elec-
tives in Science and Technology (REST) Re-
quirement subject and one laboratory subject,
and strongly recommends that all students take
an additional subject in computer techniques
and, if professionally interested in economics,
further work in mathematics.

Bachelor of Science in Economics
Course XIV

CLASS OF 1997 or later See Notes on Course XIV below.

General Institute Requirements (GiRs) Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects In the
Departmental Program]'

Restricted Electives in Science and Technology (REST)
Requirement** [one subject can be satisfied by 14.30
In the Departmental Program]

Laboratory Requirement [can be satisfied by 14.31 in the
Departmental Program]

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)
Required Subjects 84-87

14.01 Principles of Microeconomics. 12. HASS

14.02 Principles of Macroeconomics, 12, HASS

14.03 Intermediate Applied Microeconomics. 12, HASS:
14.01

or

14.04 Intermediate Microeconomic Theory. 12: 14.01.
18.02, 1806

14.05 Intermediate Applied Macroeconomics, 12, HASS;
14.02

or

14.06 Intermediate Macroeconomic Theory. 12, HASS:
14.02

14.30 Introduction to Statistical Method
In Economics

2
, 12. REST 18 02

14.31 Econometrics. 12, LAB: 14.30

14.39 Undergraduate Thesis Seminars
3 

6: 14.04,
14.06, 14.31

Thesis (9 units)
4

Restricted Electives 60

Elective subjects in economics

Departmental Program units that also satisfy the GIRs (60)

Unrestricted Electives 93-96

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs Every
subject In the student's departmental program will count toward
one or the other, but not bofth

Undergraduate Study

I
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Graduate Study

Notes on Course XIV
CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GiRs constant at 17.

No more than three subjects In economics may be used for the
Humanities, Arts, and Social Sciences Requirement.
2
0r an approved alternative In statistics.

314 UR Undergraduate Research (Arr. units) approved as to
content may be substituted for 14.39.

'May be repiaced by an additiona eiective subject In
economics, In which case 14.39 also Is waived. A paper in an
economics elective must be used for Phase 11 of the Writing
Requirement.

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter iII for further details on
this and other institute requirements.

Entrance Requirements for Graduate Study

The department specifies the following prerequi-
sjtes for graduate Study in economics: one full
year of college mathematics, including at least
one term of calculus; one full year of college
work in science; at least six term subjects in
English, history, and other humanities or social
science subjects (not in the candidate's own
professional field) equivalent to those included
in the undergraduate curriculum at MIT, and an
appreciable number of professional subjects in
economics for those qualified students who
have majored in fields other than economics.
Applicants for admission who have deficiencies
in entrance requirements should consult with
the department about programs to remedy such
deficits.

Master of Science In Economics

Under special circumstances, admission may
be granted to candidates seeking the Master of
Science degree. The general requirements for
the S.M. are given in Chapter IV

Doctor of Philosophy

A candidate for the doctorate must demonstrate
a mastery of five fields of study, one of which is
economic theory, including both microeconom-
ics and macroeconomics; achieve a specified
level of competence in economic history and
econometrics; submit and defend a dissertation
that represents a contribution to knowledge;
and be in residence for a minimum of two
years. Three of the five fields, including eco-
nomic theory, are covered by the written Gener-
al Examination. Two minor fields may each be
satisfied by one year of coursework. The four
major and minor elective fields may be chosen
from advanced economic theory, econometrics,
economic development, economic history,
finance, fiscal economics, human resources and
the distribution of income and wealth, industrial
organization, international economics, labor
economics, monetary economics, and urban
economics.

There is no required minimum number of
graduate subjects in the department. However,
candidates ordinarily need two full academic
years of study to prepare adequately for the
General Examinations and to meet the other
pre-thesis requirements. The doctoral thesis
must be written in residence, which typically
requires two years of research.

The department has no general foreign lan-
guage requirements. When a foreign language
is essential for full access to the literature in a
field of major interest (for example, European
economic history, Russian economics) or to
thesis research, a language requirement is
imposed by the department upon the recom-
mendation of the thesis supervisor or the Grad-
uate Registration Officer. Such a requirement is
administered by the Department of Humanities
and can be met by satisfactory coursework at
other schools or at MIT, or by examination.

Students interested in developing professional
competence in economics and urban studies
may elect an interdepartmental program in the
Departments of Economics and Urban Studies
and Planning, which is described in more detail
in Chapter V.

Teaching and Research Assistantships

A limited number of students are supported by
scholarship and fellowship grants as well as by
teaching and research assistantships. Typically,
the assistantships are available only to students
who have passed their general examinations,
but in special circumstances, research assistant-
ships may be held by second-year students.

Inquiries

Additional information concerning academic
programs in the department, admissions, and
financial aid may be obtained by writing to
Professor Peter Temin, E52-373A, MIT,
50 Memorial Drive, Cambridge, MA
02139-4307, (617) 253-3361.
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Department of Humanities
(Course 21)

Anthropology/Archaeology
(Course 21 A)

The introduction to the School of Humanities
and Social Science found earlier in this chapter
describes the department in the larger context
of the School and of MIT

The Department of Humanities consists of a
number of autonomous sections and programs,
each with its own headquarters. There are
currently six such units: Anthropology/
Archaeology; Foreign Languages and
Literatures: History; Literature: Music and
Theater Arts; and Writing and Humanistic
Studies.

All the programs in the Humanities provide
subjects that help to satisfy the Institute's
Humanities, Arts, and Social Sciences
Requirement. Undergraduate degree
programs are available in Course XXI, either in
combination with Engineering or Science
curricula (XXI-E, XXI-S) or as full majors (XXI),
described later in this section. Students
interested in any of these degree programs
should consult an advisor in the field, and
individual section and program offices.

Faculty and Staff

James Howe, Ph.D.
Professor of Anthropology
Program Head

Martin Diskin, Ph.D.
Professor of Anthropology
(On leave)

Michael M.J. Fischer, Ph.D.
Professor of Anthropology and Science and
Technology Studies

Jean Elizabeth Jackson, Ph.D.
Professor of Anthropology
(On leave)

Heather Nan Lechtman, M.A.
Professor of Archaeology and Ancient
Technology
Director, Center for Materials Research in
Archaeology and Ethnology

Dorothy Hosler, Ph.D.
Associate Professor of Archaeology and Ancient
Technology

Arthur Steinberg, Ph.D.
Associate Professor of Archaeology
(On leave, spring)

Hugh Gusterson, Ph.D.
Assistant Professor of Anthropology and
Science Studies

Harry Merrick, Ph.D.
Lecturer in Archaeology

Niels Winthur Braroe, Ph.D.
Research Associate

Priscilla Cobb, M.Ed.
Program Coordinator

Rafael deMenezes Bastos
Visiting Scholar (fall)

Jonathan Wylie, Ph.D.
Visiting Scholar

Anthropology/Archaeology

Anthropology studies humankind from a com-
parative perspective that emphasizes the diver-
sity of human behavior and the importance of
culture in explaining that diversity. While the
discipline encompasses the biological nature of
our species and the material aspects of human
adaptation, it takes as fundamental the idea that
we respond to nature and natural forces in large
part through culture. Anthropology, then, is the
study of human beings as cultural animals.
Archaeology, one of its principal branches, uses
material remains to study cultures, often over
long time periods. Cultural anthropology draws
its data from the direct study of contemporary
peoples living in a wide variety of circum-
stances, from peasant villagers and tropical

forest hunters and gatherers to urban popula-
tions in modern societies.

The Anthropology/Archaeology Program at MIT
offers students a broad exposure to the disci-
pline as well as an anthropological perspective
on problems and issues relevant to other fields
in the humanities, social sciences, and engi-
neering. It also provides more intensive intro-
ductions to areas of faculty specialization, which
include social and political organization, eco-
nomics and human ecology, religion and sym-
bolism, paleobotany, technology and materials
science, and the anthropology of art and scien-
tific research. Geographical specializations
include ancient and modern cultures of the
Americas, ancient civilizations of the Mediterra-
nean and Near East, and of the United States.

The scientific study of technologies and materi-
als from ancient and contemporary nonwestern
societies forms a special field of research and
teaching for the Anthropology/Archaeology
Program. MIT archaeologists, together with
colleagues in the Department of Materials
Science and Engineering and with anthropolo-
gists and archaeologists from seven museums
and universities in the Boston area, founded the
Center for Materials Research in Archaeology
and Ethnology (CMRAE). The center, which is
directed by MIT Anthropology/Archaeology
faculty, provides a focus for research, teaching,
and graduate training in this field, and is de-
scribed in further detail in Chapter VI. Students
may participate in research projects by arrange-
ment with the appropriate faculty members.

The Anthropology/Archaeology curriculum is
divided into five groups that show the breadth of
the field, with particular emphases. Introductory
subjects (21A 100-21A 199) encompass broad
topics such as human evolution and archaeo-
logical methods. Social anthropology subjects
(21A 200-21A 299) deal with a wide range of
concerns about religion and sociopolitical
organization in modern communities (mostly in
Latin America and our own society). The sub-
jects in the section on Technology and Cultural
Context (21A 300-21A 399) focus on various
early and modern technologies and how they
relate to their cultural settings. The archaeology
subjects (21A 400-21A 599) cover the ancient
cultural sequences in certain regions, as well as
topics such as empires and cities viewed in a
cross-cultural perspective. Other offerings
(21A 600-21A 999) include advanced under-
graduate and graduate topics. The subjects
given by CMRAE have prerequisites and are
open only to graduate students and qualified
upperclass students; most of the other offerings
do not carry prerequisite requirements.

Students taking a concentration in anthropology
are advised to choose a mix of subjects in
archaeology and cultural anthropology with help
from the program's concentration advisor.
Anthropology subjects qualify for several
interdisciplinary concentrations, including
Women's Studies, Latin American Studies, and
Technology, Culture, and Development.
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The Minor Program in Anthropology/
Archaeology consists of six subjects arranged
into three tiers as shown below. Students create
individual programs focusing on anthropology
or archaeology with the help of the Minor Advi-
sor to ensure they gain a coherent introduction
to the methods, approaches, and some of the
results of the discipline.

TIER 1: Two subjects

One subject in cultural anthropology
21A 100 Introduction to Anthropology

and
One archaeological subject
21A 103 The Human Past: Introduction to

Archaeology

TIER 11: Three subjects from the following
areas

Social Anthropology (except 21A 214)
Technology and Cultural Context
Archaeology: Regional and Topical
Special Topics

TIER Ill: One subject

21A 110 Seminar in Anthropological Method
and Theory

Bachelor of Science In
Anthropology/Archaeology

The degree of Bachelor of Science in
Anthropology/Archaeology (Course XXI) pro-
vides training in cultural anthropology and
archaeology.
Majors focusing on cultural anthropology learn
about the concept of culture, the nature of
anthropological fieldwork, and the connections
between anthropology and the other social
sciences. They study the various theories which
attempt to explain human behavior (e.g., psy-
chological, ecological, structuralist), as well as
the range of methods anthropologists use to
analyze data. Students can focus on geographi-
cal areas, such as Latin America or modern
western society, and on issues like neocolonial-
ism, gender studies, religion and symbolism, or
comparative political organization.
Majors who focus on archaeology learn the
theoretical and methodological approaches to
understanding societies of the historic and
prehistoric past. Such subjects are complem-
ented by others that concentrate on specific
ancient culture groups, such as the Maya of
Mesoamerica or the iron age peoples of sub-
Saharan Africa. Some subjects are organized
around topical concerns: ancient art, the growth
of cities, the evolution of empires. Students also
learn about ancient systems of technology, a
special emphasis at MIT as a result of the inter-
action between the Anthropology/Archaeology
Program and the Center for Materials Research
in Archaeology and Ethnology (CMRAE).

Regardless of whether the anthropology/
archaeology student concentrates on cultural
anthropology or archaeology, he or she comes
to understand that the hallmark of the discipline
is the comparative study of human societies.
Emphasis is on understanding diversity and the
importance of the concept of culture in explain-
ing that diversity, as well as on learning about
the universals of behavior that underlie diversity.

Bachelor of Science In
Anthropology/Archaeology
Course XXI-A

CLASS OF 1997 or later: See Notes on Course XXI-A below.

General Institute Requirements (GIRs) Subjects

Science Requirement
Humanities, Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects In the
Departmental Program]
Restricted Electives in Science and Technology (REST)
Requirement** 3

Laboratory Requirement 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if arty
Required Subjects 54
21A 100 Introduction to Anthropology, 12, HASS-D
21A 103 The Human Past: Introduction to Archaeology, 12,

HASS-D

21A 110 Seminar In Anthropological Method and Theory,
12, HASS

21A ThT Humanities Pre-Thesis Tutorial, 6

21A ThU Undergraduate Thesis in Humanities, 12; 21 A ThT

Restricted Electives 78-96
Group 1: Basic Theory and Method
Two of the following four subjects:

17.111 Modern Social Theory, 12, HASS

21A 102 Culture, Nature, and Human Nature, 12, HASS
21A 105 Human Origins and Adaptations, 9, HASS

21A 109 Understanding Culture, 12, HASS-D

Group 11: Topical Subjects
A coherent program of six subjects, normally emphasizing either
archaeology or cultural anthropology; up to two subjects may be
in a related discipline.

Departmental Program unite that also satiety

,De*parmental Program unit* that also satisfy (2-)the GIRs (27-36)

Unrestricted Electives 57-84

Total Units Beyond the GIRe Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs Every
subject in the student's departmental program will count toward
one or the other, but not both.

Notes on Course XXi-A

CLASS OF 1997 or later The Science Requirement increases to
six subjects with the addition of Blology as a GIR. and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

"The REST Requirement was formerly called the Science
Distribution Requirement See Chapter il for further details on
this and other Institute requirements.

Joint Degree Programs

Joint degree programs in Anthropology/
ArChaeology include majors in combination with
a field of engineering or science (Course XXI-E,
Course XXI-S). See the section Additional
Degree Programs below.

Subject 21A 100 is strongly recommended as a
preliminary subject for alI Anthropology/
Archaeology degree programs (in addition to
the required program of studies).

In collaboration, the Anthropology/Archaeology
Program, STS, and the History faculty offer a
Program in the History and Social Study of
Science and Technology leading to the Ph.D.;
see also the listing for the Program in Science,
Technology, and Society.

Subjects in Anthropology/Archaeology are
numbered 21A 100 through 21A 999 in Chapter
VIII. Further information on subjects and pro-
grams may be obtained from the Anthropology/

rchaeology Program Office, Room 20B-131,
(617) 253-3065.
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Foreign Languages
and Literatures
(Course 21 F)

Faculty and Staff

Isabelle de Courtivron, Ph.D.
Professor of French Studies
Section Head
(On leave, spring)

James Wesley Harris, Ph.D.
Professor of Spanish and Linguistics

Shigeru Miyagawa, Ph.D.
Professor of Linguistics and Japanese

Edward Baron Turk, Ph.D.
Professor of French Studies and Film

Suzanne Flynn, Ph.D.
Associate Professor of Linguistics and Second
Language Acquisition

Elizabeth Garrels, Ph.D.
Associate Professor of Hispanic Studies

Margery Resnick, Ph.D.
Associate Professor of Hispanic Studies

Martin Roberts, Ph.D.
Assistant Professor of French Studies

Bernd Widdig, Ph.D.
Assistant Professor of German Studies
(On leave)

Bettina Brandt, Ph.D.
Visiting Assistant Professor of German Studies

Takako Aikawa, Ph.D.
Visiting Assistant Professor of Japanese

Yih-jian Tai, Ph.D.
Visiting Assistant Professor of Chinese

Gilberte Furstenberg, Agr6gation
Senior Lecturer in French
(On leave, spring)

Douglas Morgenstern, M.A.
Senior Lecturer in Spanish
(On leave, fall)

Ellen Crocker, M.A.
Lecturer in German

Jane Dunphy, M.A.
Lecturer in ESL

Maria Gonzalez-Aguilar, M.A.
Lecturer in Spanish

Tomoko Graham, M.S.
Lecturer in Japanese

Masami Ideda, M.A.
Lecturer in Japanese

Yoshie Kawamura, M.A.
Lecturer in Japanese

Suzanne Koons, M.A.
Lecturer in ESL

Sabine Levet, M.A.
Lecturer in French

Evelyn Lilienfeld, B.A.
Lecturer in Spanish

Ann Perkins, Ph.D.
Lecturer in Russian

Monika Totten, Ph.D.
Lecturer in German

Nicholas Wey-Gom&z, Ph.D.
Lecturer in Spanish

Shoggy Waryn, M.A.
Lecturer in French

Janet H. Murray, Ph.D.
Senior Research Scientist

Kurt Fendt, Ph.D.
Research Associate

Ruth Trometer, M.A.
Director, Language Learning and
Resource Center

Catherine Vakar Chvany, Ph.D.
Professor of Russian Studies, Emerita
Senior Lecturer

Robert Emmet Jones, Ph.D.
Professor of French and Humanities, Emeritus

Margaret Zaroodny Freeman, S.M.
Associate Professor of Russian, Emerita

Foreign Languages and Literatures

The Foreign Languages and Literatures Section
offers a variety of programs. There are subject
sequences in French, German, Russian, Span-
ish language and literature taught in the original;
a subject sequence on literature taught in
English translation; a comprehensive program in
English as a second language; a three-year
language sequence in Japanese: and a two-
year language sequence in Chinese.

The Foreign Languages and Literatures curricu-
lum is arranged in three tiers. Fundamental
language subjects familiarize students with the
principles of the language in both its spoken
and written forms, and introduce them to the
culture of the country where the language is
spoken. Levels IlIl and IV language subjects
provide review and refinement of grammar,
study of more difficult reading matter with
cultural and literary content, and include com-
positions and discussions in the foreign lan-
guage. Intermediate subjects in language,
literature, and culture are conducted in the
foreign language. They introduce students to
the form and content of foreign literatures and
of foreign cultures and societies. These subjects
also offer the opportunity to develop more
refined communication skills in the language.
Advanced subjects, conducted in the foreign
language, encourage students to explore the
cultural history of the particular country in which
the language is spoken.

Offerings in "Studies in International Literatures
and Cultures" make available various aspects of
intercultural realities in English. Those subjects
that deal with works from more than one nation
give students the opportunity to do work in
comparative studies. There are also a significant
number of subjects that allow students to study
works from a single foreign country.
Concentrations are available in a given lan-
guage, literature, or culture in the original lan-
guage or in English. Concentrations should be
arranged on an individual basis in consultation
with a designated advisor in each language
group.
The Minor Programs In French, German, and
Spanish lead students who have already
reached an intermediate level of proficiency into
more advanced study of the language, litera-
ture, and culture. Note that basic language
subjects do not count toward the minor.

Please refer to HASS Minors in Regional
Studies which include East Asian Studies,
European Studies, Latin American Studies,
Middle Eastern Studies, African and African
Diaspora Studies, and Russian Studies.
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The Minor Program in French consists of six
subjects arranged into three levels of study as
follows:

TIER I: Two subjects or less depending on
demonstrated level of entering competence

21F 303 French II 1
21 F 304 French IV

TIER II: Two or three subjects from the French
Intermediate Subjects in Language, Literature,
and Civilization listing, 21 F 308-21 F 320

TIER IlIl: Two or three subjects from the French
Advanced Subjects in Literature and Civilization
listing, 21 F 330-21 F 342

The Minor Program in German consists of six
subjects arranged into three levels of study as
follows:

TIER 1: Two subjects or less depending on
demonstrated level of entering competence

21F 403 German III
21 F 404 German IV

TIER 11: Two subjects

21F 410 Advanced German Conversation
and Composition

21F 412 Introduction to German Literature

TIER IlIl: Two to four subjects from 21F 414,
21F 416, 21F 418, 21F 856, 21F 858, 21F 860.

The Minor Program in Spanish consists of six
subjects arranged into three levels of study as
follows:

TIER 1: Two subjects or less depending on
demonstrated level of entering competence

21F 703 Spanish III
21F 704 Spanish IV

TIER 11: Two or three subjects from the Spanish
Intermediate Subjects in Language, Literature,
and Culture listing: 21F 712-720

TIER IlIl: Two or three subjects from the Spanish
Advanced Subjects in Literature and Culture
listing: 21 F 728-748

Bachelor of Science in Foreign Languages
and Literatures

Program 1 French Studies

The program in French studies is designed to
provide competence in reading, writing, and
speaking; general knowledge of French culture

and literature: advanced subjects in literature

and literature; advanced subjects in literature
and cultural studies; and the option of a thesis.

Program 2 Spanish Studies

The section offers a program in Spanish studies
leading to the degree of Bachelor of Science in
Foreign Languages and Literatures. The
completion of a major program in Spanish is
important not only for those pursuing careers
with international dimensions, but also for
students who plan to work in parts of the United
States where Spanish has become a significant
presence.

Apart from practical considerations, the study of
Spanish brings students into contact with great
works of Western literature and at the same time
with the vitality of third world writing as it has
emerged in Latin America.

For either option, each student designs a
program in consultation with an advisor in order
to meet individual interests, abilities, and goals.
However, all majors reflect a balance of
historical, geographical, cultural, and linguistic
elements.

Bachelor of Science in Foreign Languages
and Literatures
Course XXI-F

CLASS OF 1997 or later: See Notes on course XXI-F below.

General Institute Requirements (GIRs) Subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects in the
Departmental Program]

Restricted Electives in Science and Technology (REST)
Requirement*

Laboratory Requirement 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites it any
Program 1: French Studies

Prerequisite subjects: French 1, 11, 111'

Required Subject

21F 304 French Iv, 12, HASS-D Language Option,
2 1 30 2

12

Restricted Electives 123-132
A coherent program of 11 subjects beyond French Ill from the
French curriculum, which may include a Pre-Thesis Tutorial and
a Thesis.

Program 2: Spanish Studies

Prerequisite subjects: Spanish I, 11, lii 36

Required Subjects 24

21F 704 Spanish IV. 12, HASS-D Language Option,
21F 703

21F 716 Introduction to Contemporary Hispanic
Literature, 12. HASS-D 21F 704 or
equivalent

Restricted Electives 123-132

A coherent program of 11 subjects beyond Spanish ll from the
Spanish curriculum, which may include a pre -thesis tutorial and
a thesis.

Departmental Program units that also satisfy
the GIRs (33-36)

Unrestricted Electives
Program 1 48-78
Program 2 48-66

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs Every
subject In the student's departmental program will count toward
one or the other, but not both

Notes on Course XXI-F
CLASS OF 1997 or later The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'Students come to MIT with some or all of these levels of
preparation. To this extent, students will have a higher number
of unrestricted electives In French, if the student has none of
this preparation, the restricted electives will be reduced from 11
subjects to 10. In Spanish, if the student has zero or one of
these subjects, the restricted electives will be reduced to 9 and
10 subjects, respectively.

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements

Degree Programs in Humanities
A degree program is offered in German and
Russian (Course XXI). See the section Addition-
al Degree Programs below.

Joint Degree Programs
Joint degree programs are offered in French,
German, Russian, and Spanish, and include
majors in combination with a field of engineer-
ing or science (Course XXI-E, Course XXI-S).
See the section Additional Degree Programs
below.

Proficiency in a foreign language is a prerequi-
site for election to Phi Beta Kappa.

Subjects in Foreign Languages and Literatures,
both in the original and in translation, are num-
bered 21F 101 through 21F 911. Further infor-
mation on subjects and programs may be
obtained from the Foreign Languages and
Literatures Section Office, Room 14N-305, (617)
253-4771.

3
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History
(Course 21 H)

Faculty and Staff

Pauline Maier, Ph.D.
Professor of History
William R. Kenan, Jr. Professor
Section Head, fall

Peter Cushing Perdue, Ph.D.
Associate Professor of History
Section Head, spring
(On leave, fall)

Jed Zachary Buchwald, Ph.D.
Professor
Director of the Dibner Institute for the History of
Science and Technology

John W. Dower, Ph.D.
Professor of History
Henry R. Luce Professor
in International Cooperation
and Global Stability

Robert Michael Fogelson, Ph.D.
Professor of History and Urban Studies

Loren Graham, Ph.D.
Professor of the History of Science

Alexander Keyssar, Ph.D.
Professor of History
(On leave)

Philip S. Khoury, Ph.D.
Professor of History
Dean, School of Humanities
and Social Science

Bruce Mazlish, Ph.D.
Professor of History

Harriet Ritvo, Ph.D.
Professor of History and Writing
Associate Dean, School of Humanities and
Social Science

Merritt Roe Smith, Ph.D.
Professor of the History of Technology
Director, Program in Science, Technology, and
Society

Douglas J. Forsyth, Ph.D.
Associate Professor of History
Class of 1942 Career Development Professor

Arthur Daniel Kaledin, Ph.D.
Associate Professor of History and American
Studies

David Bird Ralston, Ph.D.
Associate Professor of History
(On leave, spring)

William Braasch Watson, Ph.D.
Associate Professor of History

Christian G. Appy, Ph.D.
Assistant Professor of History
(On leave, spring)

Robin W. Kilson, Ph.D.
Assistant Professor of History
(On leave)

Jon E. Lendon, Ph.D.
Assistant Professor of History

Anne E. McCants, Ph.D.
Assistant Professor of History

Elizabeth A. Wood, Ph.D.
Assistant Professor of History

James L. Gelvin, Ph.D.
Assistant Professor of History
(Visiting)

Yukiko Hanawa, Ph.D.
Assistant Professor of History
(Visiting)

David Leviatin, Ph.D.
Assistant Professor of History
(Visiting, spring 1994)

Heather Cox Richardson, Ph.D.
Assistant Professor of History
(Visiting)

Julia C. Strauss, Ph.D.
Assistant Professor of History
(Visiting)

Dianne L. Brooks, B.A.
Administrative Officer

Lynwood Silvester Bryant, A.M.
Professor of History and American Studies,
Emeritus

Richard Mateer Douglas, Ph.D.
Professor of History, Emeritus

Robert Ellsworth MacMaster, Ph.D.
Professor of History and Literature, Emeritus

Thomas Henry Donald Mahoney, Ph.D., D.PA.
Professor of History, Emeritus

Harald Anton Thrap Olsen Reiche, Ph.D.
Professor of Classics and Philosophy, Emeritus

History
History is the study of the recorded past. Since
interest in the past is closely linked with a desire
to understand the present, the history curricu-
lum at MIT is tailored in part to put the modern
world in historical perspective. Subjects explore
the social, economic, and political transforma-
tions that shape the present: and efforts are
made to suggest where traditional assumptions
remain in present-day politics, society, and
culture.

The curriculum seeks to encourage both an
understanding of the human past and the
development of skills necessary to express that
knowledge effectively.

The goal of the Minor Program is to lead the
student from basic survey subjects into more
focused studies of individual countries or peri-
ods of time, and to encourage thinking about
broader analytical and comparative issues in
historical study.
The Minor Program in History consists of six
subjects arranged into three levels of study.

TIER 1: At least one and no more than two
survey or broad introductory subjects (HASS-D
subjects)

TIER II: Three or four intermediate undergradu-
ate elective subjects from the History curriculum

TIER Ill: One subject

21 H 931 Seminar in Historical Methods

In addition, students must satisfy a geographical
requirement by taking at least one subject from
each of the following: America; Europe: and
Africa, Asia, and the Middle East.

For a listing of available subjects in these areas,
consult the History Office, Room E51-210, (617)
253-4965.
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Literature
(Course 21 L)

Bachelor of Science in History

The program leading to the degree of Bachelor
of Science in History is designed to encourage
students to discover and reconstruct the past, to
confront and understand the complexity of past
human behavior for itself, and to inform their
sense of the historical present. The curriculum
includes the selection of one to three subjects
at the introductory level (from a list of 27),
followed by electives from a wide range of
options (currently 42), along with the require-
ment of one subject in each of three 9eographi-
cal areas: America, Europe, Africa-Asia-Middle
East, in order to develop perspectives on the
comparative analysis and knowledge of different
though interacting traditions. Students are also
advised to elect one subject covering a period
prior to 1700.

During the junior year, the history major is asked
to take the Seminar in Historical Methods, which
is intended to develop skills for independent
research and writing, followed in the senior year
by a Thesis Tutorial, and either a second major
essay or a senior thesis. Supplementing these
requirements within the history curriculum is the
stipulation of three additional subjects in a
second field of Humanities, Arts, and Social
Sciences: Anthropology/Archaeology, Econom-
ics, Political Science, Literature, Foreign Lan-
guages and Literatures -fields which provide
the perspectives of another discipline on the
history of human thought and behavior. This
program is intentionally flexible: the relatively
large number of electives and unrestricted time
allows for the design of a course of study which
meets individual needs and interests.

Subjects in History are numbered 21 H 001
through 21 H 999 in Chapter VIII. Further infor-
mation on subjects and programs may be
obtained from the History Office, Room
E51-210, (617) 253-4965.

Bachelor of Science in History
Course XXI-H

CLASS OF 1997 or later: See Notes on Course XXI-H below.

General institute Requirements (GIRs) Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement
[3 subjects can be satisfied by subjects in the
Departmental Program)

Restricted Electives in Science and Technology (REST)
Requirement"

5

8

3

Laboratory Requirement 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any
Required Subjects 39

One entry level subject (12 units)

21H 931 Seminar In Historical Methods, 9*. HASS
21H ThT Humanities Pre-Thesis Tutorial. 6
21H ThU Undergraduate Thesis In Humanities, 12; 21H ThT

Restricted Electives 90-120

A coherent program of seven subjects from the History curricu-
lum; and three related subjects from a second HASS discipline.

Departmental Program units that also satisfy
the GIRs (27-33)

Unrestricted Electives 54-78

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject In the student's departmental program will count toward
one or the other, but not both.

Notes on Course XXi-H

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GiRs constant at 17.

*Prerequisites are listed In the subject description.

*"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other institution requirements.

Joint Degree Programs

Joint degree programs are offered in History
and include majors in combination with a field
of engineering or science (Course XXI-E,
Course XXI-S). See the section Additional
Degree Programs.

Faculty and Staff

Peter Samuel Donaldson, Ph.D.
Professor of Literature
Section Head

Albert Ramsdell Gurney, Jr., M.FA.
Professor of Literature
(On leave)

David Martin Halperin, Ph.D.
Professor of Literature
(On leave)

Kai Hong, Ph.D.
Visiting Professor

Louis Kampf, B.A.
Professor of Literature

Alvin Charles Kibel, Ph.D.
Professor of Literature

Travis Rhodes Merritt, Ph.D.
Professor of Literature
(On leave)
Associate Dean for Undergraduate Education
and Student Affairs

Ruth Perry, Ph.D.
Professor of Literature and Women's Studies

Stephen James Tapscoft, Ph.D.
Professor of Literature
(On leave)

Irene Tayler, Ph.D.
Professor of Literature

David Thorburn, Ph.D.
Professor of Literature

John Hildebidle, Ph.D.
Associate Professor of Literature

Theoharis Constantine Theoharis, Ph.D.
Associate Professor of Literature

Mary C. Fuller, Ph.D.
Assistant Professor of Literature

Louis V. Galdieri, Ph.D.
Assistant Professor of Literature

Henry Jenkins 111, Ph.D.
Assistant Professor of Literature

Eve Diana, B.S.W.
Administrative Officer

Theodore Wood, Jr., A.M.
Professor of Literature and American Studies,
Emeritus
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Literature

The curriculum in literary studies at MIT aims to
meet the interests of students who may be
drawn to literary study only once or twice at the
Institute, and to provide a rich program of study
for students concentrating or majoring in litera-
ture. The curriculum emphasizes interdisciplin-
ary approaches to literary texts as well as
theoretical, generic, and thematic subjects that
range across geographical and historical
boundaries.

Every literature subject offers significant oppor-
tunities for individual participation in class
discussion and every subject is centrally com-
mitted to improving students' writing skills.

A Supplement to this catalogue, available from
Literature Section offices, offers detailed de-
scriptions of all literature subjects and includes
specific information about required texts, writing
assignments, and exams.

The Literature curriculum is arranged in three
graduated categories or tiers. Introductory
subjects (21L 001-21L 012) focus on major
literary texts grouped in broad historical and
generic sequences, all carrying HASS-Distribu-
tion Requirement credit. Intermediate subjects
(21 L 021-21 L 520) explore literary forms in
greater depth and center on historical periods,
literary themes, or genres. Most intermediate
subjects carry a prerequisite of one prior literary
subject, but students are encouraged to consult
individual instructors about prerequisites. Semi-
nars (21 L 701-21 L 708) - restricted to students
who have taken at least two previous subjects in
literature - encourage a greater degree of
independent work, such as oral reports and
other special projects. Enrollment in seminars is
strictly limited to a maximum of 12 students.

Concentrations in Literature are available in
particular genres (e.g., poetry, drama, fiction)
and in historical periods (e.g., ancient studies,
19th-century literature, modern and contempo-
rary literature), as well as in popular culture,
media and film studies, minority and ethnic
studies, literary theory, and a range of national
literatures.

The Minor Program aims to lay a foundation for
advanced study and to enhance a student's
appreciation of major narrative, poetic, and
dramatic texts in relation to the cultures that
produced and perpetuated them.

The Minor Program in Literature consists of six
subjects arranged into three levels of study as
follows:

TIER I: At least one and no more than two
subjects from 21L 001-21L 012

TIER II: Two or three subjects from
21L 021-21L 520

TIER IlIl: At least two subjects from the Litera-
ture Seminar listings, 21 L 701 -21 L 708

At least two subjects constituting a Minor Pro-
gram must center on materials dating from
before 1900.

Bachelor of Science in Literature

The program in Literature leading to the degree
of Bachelor of Science in Literature is equivalent
to the curricula in English (or literary studies) of
the major liberal arts universities. The Literature
curriculum is notable also for its inclusion, along
with traditional literary themes and texts, of
materials drawn from film and media, from
popular culture, and from minority and ethnic
cultures.

Majors are required to take a minimum of 10
subjects, three of which must be seminars and
no more than three of which may be introducto-
r subjects. All majors must take one subject
dealing with ancient literature and one subject
centenn g on one of the following areas: popular
culture, film and media, minority culture, non-
western culture, or gender studies.

Bachelor of Science in Literature
Course XXI-L

cLASS OF 1997 or later: See Notes on course XXI-L below

General institute Requirements (GIRs) Subjec

Science Requirement

Humanities, Arts, and Social Sciences Requirement
(three subjects can be satisfied by subjects in the
Departmental Program]

Restricted Electives in Science and Technology (REST)
Requirement**

Laboratory Requirement

Total GIR Subjects Required for S.B. Degree

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any
Required subjects 36
Three seminar-level subjects'

Restricted Electives 63-84
A coherent program of seven subjects from the Literature
curriculum

Departmental Program units that also satisfy
the GIRs (27-36)

Unrestricted Electives 87-117

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both.

Notes on Course XXI-L
CLASS OF 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'One subject drawn from ancient literature and one subject
centered on popular culture or film/media or minority culture or
nonwestern civilization or gender.

*Prerequisites are listed in the subject description.

*"The REST Requirement was formerly called the Science
Distribution Requirement. See chapter iII for further details on
this and other Institute requirements.

Joint Degree Programs
to

Joint degree programs are offered in Literature
and include majors in combination with a field in
engineering or science (Course XXI-E, Course
XXI-S). See Additional Degree Programs.

8 Subjects in Literature are numbered 21 L 001
through 21L 999 in Chapter VII. Further infor-

3 mation on subjects and programs may be
obtained from the Literature Faculty Office,
Room 14N-409, (617) 253-3581.

17
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Music and Theater Arts
(Course 21 M)

Faculty and Staff

Alan Brody, Ph.D.
Professor of Theater Arts
Director of Theater Arts
Section Head

Jeanne Shapiro Bamberger, M.A.
Professor of Music

David Mayer Epstein, Ph.D.
Professor of Music

John Harbison, M.F.A.
Class of 1949 Professor of Music

Ellen T. Harris, Ph.D.
Professor of Music
Associate Provost for the Arts

Lowell Edwin Lindgren, Ph.D.
Professor of Music

Marcus Aurelius Thompson, D.M.A.
Professor of Music

Barry Lloyd Vercoe, D.M.A.
Professor of Media Arts and Sciences

Peter Child, Ph.D.
Associate Professor of Music

Martin Marks, Ph.D.
Associate Professor of Music

Janet Sonenberg, M.F.A.
Assistant Professor of Theater Arts

Evan Ziporyn, Ph.D.
Assistant Professor of Music
Class of 1958 Career Development Professor

Edward Cohen, M.A.
Senior Lecturer in Music

John Oliver, M.M.
Senior Lecturer in Music

Beth Soll, B.S.
Senior Lecturer in Dance

Pamela Wood Ambush, M M.
Lecturer in Music

David Deveau, M.M.
Lecturer in Music

Kermit Dunkelberg, B.FA.
Lecturer in Theater Arts

Mark Harvey, Ph.D.
Lecturer in Music

Kim Mancuso, M.F.A.
Lecturer in Theater Arts

Michael Ouellette, M.F.A.
Lecturer in Theater Arts

George E. Ruckert, M.A.
Lecturer in Music

Elena L. Ruehr, Ph.D.
Lecturer in Music

Brenda Cotto-Escalera, M.A.
Artist in Residence

Edward S. Dama, B.S.
Technical Instructor, Theater Arts

William A. Fregosi, M.F.A.
Technical Instructor, Theater Arts

Leslie Cocuzzo Held, B.A.
Technical Instructor, Theater Arts

Nancy Trudeau Cavanagh, B.A.
Administrative Officer

Stephen Erdely
Professor of Music, Emeritus

Music

The Music Program offers a broad range of
opportunities to experience and explore the field
of music. A great variety of subjects is given,
ranging from basic musicianship to computer
music composition. The subjects are arranged
into seven categories: Introductory, Interdisci-
plinary, History/Literature, Theory/Composition,
Performance, Special Topics/Advanced Sub-
jects, and Music and Media. Most students
begin with introductory subjects, but anyone
with musical training is encouraged to begin
with history/literature or theory/composition
subjects, which constitute the nucleus of the
program. Graduate credit is available for nearly
all of the seminars and tutorials.

A symphony orchestra, choral groups, concert
and jazz bands, and chamber music groups are
an integral part of MIT's cultural life and of any
student's musical development, no matter what
technical proficiency they possess. Academic
credit is available for some performance activi-
ties and instrumental study. Auditions are held at
the beginning of each term.

The music faculty comprises professional
composers, performers, historians, and theo-
rists, whose individual interests in the conflu-
ence of history, theory, and performance is
essential to our integrated music program.

The Minor Program in Music consists of six
subjects and is designed to give students
exposure to three main branches of musical
activity: performance, music literature, and
music writing. Four subjects are at the introduc-
tory or intermediate level: the remaining two
provide depth in one of the three branches.

TIER I: One subject from the following

21M 011
21M 030
21M 051, 052

Introduction to Western Music
Introduction to World Music
Fundamentals of Music

Students with prior musical knowledge or
experience may wish to substitute a subject
from TIERs II or Ill for the subject in TIER I.
Please consult the minors advisor.

TIER 11: Three subjects, one from each of the
following areas

History/Literature: 21 M 200-299
Theory/Composition: 21 M 301
Performance (two terms): 21M 400-499

TIER IlIl: Two subjects from one of the following
areas of specialization

History/Literature: 21 M 200-299
Theory/Composition: 21M 300-399, 21M 500,
21M 550-589
Performance (four terms): 21 M 400-499

Bachelor of Science In Music

The undergraduate program leading to the
degree of Bachelor of Science in Music is
designed to provide a thorough grounding in
the harmony and counterpoint of Western
music; a survey of the history and literature of
Western music; and performing experience in
small and/or large ensembles. Six required
subjects plus six restricted electives form the
core of the program, which can be supple-
mented by about six unrestricted electives. This
program is very similar to that of a music major
at leading liberal arts colleges and universities,
so that it prepares a student well for graduate
work in music. Students who declare music as
their major must have demonstrated proficiency
in instrumental or vocal performance and in
harmony and counterpoint, ordinaril by partici-
pating in a performance subject andb ob-
taining a grade of B or better in 21M 301,
respectively.

Seniors in the full major may seek permission to
participate in a tutorial program in preparation
for a thesis on an analytical or historical topic or
an original composition.
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Bachelor of Science in Music
Course XXI-M

CLASS OF 1997 or later: See Notes on Course XXI-M below.

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects In the
Departmental Program) 8
Restricted Electives In Science and Technology (REST)
Requirement" 3

Laboratory Requirement I

Total GIR Subjects Required for S.8. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites it any
Required Subjects 611
21M 201 western Music to 1750, 12*, HASS
21 M 205 western Music after 1750, 12, HASS

21M 301 Harmony and Counterpoint 1, 12, HASS-D

21M 302 Harmony and Counterpoint i, 12, HASS; 21M 301
21M 303 writing In Tonal Forms, 9, HASS. 21M 302

Two terms of 6-unit Performance subjects

21M 500 Senior Seminar In Music, 12*, HASS

Restricted Electives 36-48
One subject in theory/composition, one subject in history/iltera-
ture, and two additional subjects in either theory/composition or
history/literature.

Departmental Program units that also satIsfy
the GIRs (30-36)

Unrestricted Electives 81-99

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subJect GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both

Notes on course XXI-M
CLASS OF 1997 or later. The Science Requirement Increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

*Prerequisites are listed in the subject description.

"The REST Requirement was formerly called the Science
Distribution Requirement See Chapter III for further details on
this and other Institute requirements

Joint Degree Programs

For students interested in combining the study
of engineering or science with humanities, joint
majors in Courses XXI-E and XXI-S provide the
opportunity to pursue special interests. The joint
major includes two subjects in theory, two in
history and literature, two in performance, two
electives, and senior seminar. Qualified perform-
ers may substitute three full years of 21 M 480
plus a senior recital for the two performance
subjects and two electives.

Students wishing to enroll in any of these
degree pro grams should consult the major
advisor in Music no later than the beginning of
their junior year.

Subjects in Music are numbered 21 M 000
through 21 M 999 in Chapter VIII1. Further infor-
mation on subjects and programs may be
obtained from the Music Section Office, Room
14N-207, (617) 253-3210.

Theater Arts and Dance

The Programs in Theater Arts and Dance offer
an opportunity for the serious study of acting,
directing, playwriting, stagecraft, design, and
dance. Through related subjects in Literature
and Modern Languages, students may combine
their training in any of these areas of theater
practice with the study of dramatic literature.
Work in the programs occurs in the traditional
classroom, in studio settings, and through
practica. Practica include fully mounted produc-
tions by the Dramashop, Shakespeare En-
semble, Dance Workshop, Playwrights'
Program, and an ongoing series of student-
generated projects throughout the year -all
under the guidance of a professional faculty and
staff, including a variety of guest artists. The
Dance Workshop blends performance training
with a study of dance aesthetics, which pre-
pares students for work in composition and
analysis.

The Minor Program provides students with the
opportunity to explore the basic principles and
craft of Theater Art, and to pursue an area-
acting, directing, playwriting, technical theater,
or design - in greater depth.

Students may also request to pursue an S.B. in
Humanities (major departure) in Theater Arts.
Those interested in this option should consult
Professor Alan Brody, Room 14N-213B, (617)
253-4892, as soon as possible.

The Minor Program in Theater Arts consists of
six subjects arranged into three levels of study
as follows:

TIER 1: Two subjects

21 M 604 Elementary Stagecraft and Production
and

one from the foundation subjects listing
21M 600-613

TIER 11: Two subjects

21 M 655 Script Analysis
and

one other 9-unit subject from either History and
Theory or Studio; or 2 terms of 6-unit Studio
subjects.

TIER IlIl: Two subjects

21 M 805 Theater Practicum (9 units)
and

one from the special topics/advanced subjects
listing (21 M 850-899) with at least 9 units of
credit.

Subjects in Theater Arts and Dance are num-
bered 21 M 600-899 in Chapter VIII. Further
information on subjects and programs may be
obtained from the Theater Arts Office, Room
W16-015, (617) 253-2877.
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Program in Writing and
Humanistic Studies
(Course 21W)

Faculty and Staff

Alan Lightman, Ph.D.
Professor of Science and Writing
Program Head

Elzbieta Ettinger Chodakowska, Ph.D.
Professor of Writing
(On leave)

Anita Desai, B.A.
Professor of Writing

Kenneth R. Manning, Ph.D.
Thomas Meloy Professor of Rhetoric
and the History of Science

James Paradis, Ph.D.
Professor of Scientific and Technical
Communication

Harriet Ritvo, Ph.D.
Professor of History and Writing
Associate Dean, School of Humanities, Arts, and
Social Science

Rosalind Williams, Ph.D.
Robert M. Metcalfe Associate Professor of
Writing and Technology Studies
(On leave)

Susanne Klingenstein, Ph.D.
Assistant Professor of Writing

Joe Haldeman, M.F.A.
Adjunct Professor of Fiction

Pamela Alexander, M.F.A.
Visiting Writer

Program In Writing and Humanistic Studies

The Program in Writing and Humanistic Studies
provides students the opportunity to experiment
with writing as a craft and as a means of self-ex-
pression. The program helps prepare students
to communicate the results of their work force-
fully and clearly to members of their professions
and to larger audiences. All subjects in the
program emphasize the development of writing
skills and strategies. Some subjects, including
those at advanced levels and those offered for
distribution, require substantial reading.

Subjects in the program's three areas - Exposi-
tion and Rhetoric, Creative Writing, and Science
and Technical Communication -are taught at
basic, intermediate, and advanced levels. All
subjects require repeated writing and revision.
In addition, manuscripts are typically discussed
in workshops and receive the written commen-
tary of the instructor. Students are encouraged
to schedule private conferences with their
instructors.

Concentrations in Writing establish a course of
intensive study for prose, poetry, and fiction
writers, or for engineers and scientists who
expect writing to play a key role in their career
development.

The Minor Program provides students with a
structured opportunity to develop their expertise
in one of the program's three areas - exposition
and rhetoric, creative writing, or science and
technical communication - while also exploring
offerings in the other areas.

The Minor Program in Writing consists of six
subjects arranged into three levels of study as
follows:

Bachelor of Science in Writing

The Program in Writing and Humanistic Studies
offers two undergraduate programs leading to
the degree of Bachelor of Science in Writing.
The curriculum in Creative Writing/Exposition
and Rhetoric is designed to develop expertise in
writing and reading a genre of the student's
choice (for example, fiction, poetry, essay),
familiarity with related genres, and concentrated
exposure to an allied discipline in the Humani-
ties, Arts, and Social Sciences. This curriculum
offers students a great deal of flexibility in de-
signing their programs.

The curriculum in Science Journalism/Technical
Communication is designed to develop mastery
of these more specialized genres, to offer
experience of the professional environments in
which they are used, and to introduce related
areas such as the history of technology and the
structure of business organizations. Like the
Creative Writing/Exposition and Rhetoric curric-
ulum, it also requires a three-subject concentra-
tion in an allied field. In order to guarantee
integration of these interdisciplinary elements,
this curriculum places greater constraints on the
design of individual programs.

Ellen Cooney, M.A.
Visiting Writer TIER 1: At least one subject from the following

Barbara Goldoftas, M.S.
Visiting Writer

John Kirsch, A.B.
Visiting Writer

Ilona Karmel, A.B.
Senior Lecturer in Writing

Edward Barrett, Ph.D.
Senior Lecturer in Writing

Christopher Sawyer-Lauganno, Ph.D.
Visiting Writer

Steven Strang, Ph.D.
Director of Writing and

21W 730 Expository Writing
21W 731 Writing and Experience
21W 732 Introduction to Technical

Communication

TIER II: At least one subject from among the
Writing Intermediate subjects listing

TIER IlIl: At least one subject from among the
Writing Advanced subjects listing

In addition, students must choose a sequence
of subjects reflecting one of three themes:
exposition and rhetoric, creative writing, or
scientific and technical communication.

Communications Center

Susanne Martin, B.A.
Administrative Officer

Philip Alexander, M.S.
Research Associate

Robert Reynolds Rathbone, A.M.
Professor of Technical Communication,
Emeritus
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Bachelor of Science in Writing
Course XXI-W

CLASS OF 1997 or later: See Notes on Course XXI-W below

General Institute Requirements (GIRs) Subject

Science Requirement

Humanities, Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects In the
Departmental Program)

Restricted Electives In Science and Technology (REST)
Requirement**

Unrestricted Electives
Program 1 54-81
Program 2 54- 69

S Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every

5 subject In the student's departmental program will count toward
one or the other, but not both.

8

Laboratory Requirement 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any

Program 1: Creative or Expository Writing

Required Subjects 18

21W ThT Humanities Pre-Thesis Tutorial, 6

21W ThU Undergraduate Thesis In Humanities, 12, 21W ThT

Restricted Electives 108-144

Seven subjects centered on creative or expository writing, of
which one is normally introductory and at least one is advanced;
two subjects in literature, and three related subjects from a
second HASS discipline.

Program 2: Science Journalism or Technical
Communication

Required Subjects 66

21W 777 The Scientific Essay. 12. HASS

21W 782 Science Journalism. 12, HASS

21W 792 Science and Technical Writing Internship, 12
HASS. 21W 780 or 21W 782

21W ThT Humanities Pre-Thesis Tutorial, 6

21W ThU Undergraduate Thesis in Humanities, 12: 21W ThT

One of the following:

21W 730 Expository Writing, 12, HASS

21W 731 Writing and Experience, 12. HASS

21W 732 Introduction to Technical Communication, 12,
HASS

Notes on Course XXI-W

CLASS OF 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

The full major In Science Journalism or Technical Communica-
tion may be pursued only as a second degree program In
conjunction with another degree program in a field of engineer-
Ing or science.

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter iII for further details on
this and other Institute requirements.

Joint Degree Programs. Joint degree pro-
grams are offered in writing and include majors
in combination with a field of engineering or
science, an area of writing, and a related field of
humanities, arts, or social sciences (Course
XXI-E, Course XXI-S). See the section Addi-
tional Degree Programs below.

Writing Requirement. Students may satisfy
Phase One of the Writing Requirement by
earning a passing grade in any of several intro-
ductory writing subjects. Additional details may
be obtained from the Office of the Writing
Requirement at (617) 253-7909.

Writing Center. The MIT Writing Center offers
free individual writing consultation on an ap-
pointment or drop-in basis to all members of the
MIT community. In addition, the center gives
mini-sessions each semester on a variety of
writing topics, and also offers workshops for
people for whom English is a second language.
For further information, contact the Writing
Center at (617) 253-3090.

Cooperative Writing Programs. The Science
and Technical Communication staff of the
Program in Writing and Humanistic Studies
supports an interdepartmental program of
writing instruction jointly with the undergraduate
and graduate departments in the Schools of
Engineering and Science.

Additional Degree Programs
in Course 21

Full, Joint, and Double-Degree Majoring

In addition to the full major in a specific humani-
ties discipline described in the preceding sec-
tions, the undesignated Bachelor of Science in
Humanities degree provides an option for stu-
dents who wish to pursue their humanistic stu-
dies extensively and at an advanced level. The
undesignated degree is received by students
majoring in Russian or German, or completing a
Course XXI major by special arrangement,
which requires approval of the Dean of the
School of Humanities and Social Science, in
one of the following fields: American Studies,
Latin American Studies, Psychology, Russian
Studies, Theater Arts, or Women's Studies.

Another option, Course XXI-E or XXI-S, is a joint
major combining work in any one of ten fields of
the humanities with work in engineering, sci-
ence, or cognitive science. Further, a student
pursuing either a full or joint major may obtain
interdisciplinary competence on a larger scale
by adding a separate major in any other course
of study available at MIT, as part of a double-de-
gree arrangement. Descriptions and specifica-
tions for these full and joint major programs
follow.

Restricted Electives 72-9

Five subjects in writing and related disciplines, of which one is
normally introductory and at least one is advanced; and three
related subjects in a second HASS discipline.

Departmental Program units that also satisfy
the GIRs (27-36

Subjects in Writing are numbered 21W 730
6 through 21W 799 in Chapter VIII. Further infor-

mation on subjects and programs may be
obtained from the Program in Writing and
Humanistic Studies Office, Room 14E-303, (617)
253-7894.
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Bachelor of Science in Humanities
Course XXI

This undesignated Course XXI degree is
received by students majoring in Russian or
German or completing a major departure in one
of the approved fields: American Studies. Latin
American Studies, Psychology, Russian Studies,
Theater Arts, or Women's Studies. Major
departures are full majors which are available by
special arrangement with the Dean of the
School of Humanities and Social Science.

Faculty advisors in each discipline help students
to arrange programs suited to both their inter-
ests and professional objectives.

Bachelor of Science in Humanities
Course XXI

CLASS OF 1997 or later: See Notes on Course XXI below

General Institute Requirements (GIRs) 1 Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement
[all but two Humanities, Arts, and Social Sciences
Distribution subjects can be satisfled by subjects in the
Departmental Program]

Restricted Electives in Science and Technology (REST)
Requirement*

Notes on Course XXI

CLASS OF 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of Gi~s constant at 17.

'only one subject used to meet the distribution element of the
Humanities, Arts, and Social Sciences Requirement may be
counted toward the humanities component of these degree
programs. For classes entering In September 1988 (Class of
1992) or later, all but two HASS- Distri but Ion Requirement
subjects can be satisfied by subjects in the Departmental
Program.

The cluster Is usually formed within a single second discipline
of the humanities, arts, or social sciences, In special cases, It
may draw together subjects from different disciplines to form a
coherent grouping.

*The REST Requirement was formerly called the Science
Distribution Requirement See Chapter III for further details on
this and other Institute requirements.

5

8

3

Laboratory Requirement 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Programs Units

Restricted Electives
German or Russian
8 elective subjects In the field, a four-subject cluster2,
a pre-thesis tutorial, and a thesis 126-162

Major Departures
The restricted electives for the major departure fields (listed
above) are determined in consultation with the Faculty Advisor
In the chosen field.

Departmental Program unIts that also satisty
the GIRs (54-72)

Unrestricted Electives 57 to 108

Total UnIts Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as pan of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both.

Bachelor of Science in Humanities and
Engineering
Course XXI-E

Bachelor of Science In Humanities and
Science
Course XXI-S

These joint major programs combine humani-
ties with scientific/engineering studies, creating
an educational experience of unusual scope
and balance. Groups of subjects from the
humanistic and technical areas are conjoined to
yield a substantial dual literacy, a basic com-
mand of each mode of inquiry. One part is a
selection from the undergraduate degree curric-
ulum of a science or engineering department,
or the Department of Brain and Cognitive
Sciences, approved by a faculty member in the
field. The other part consists of subjects in
some field of the humanities, chosen by the
student in consultation with an advisor from the
appropriate humanistic faculty. In most cases, a
senior thesis or sequence of advanced seminars
is also required.

This arrangement yields a humanities program
of considerable depth while allowing for contin-
ued serious commitment to a scientific or
engineering interest. Available humanities fields
include:

Anthropology/Archaeology
Foreign Languages and Literatures

(in French, German, Russian, or Spanish)
History
Literature
Music and Theater Arts (Music)
Writing (Creative, Expository, Science
Journalism, or Technical Communication)
American Studies
Latin American Studies
Russian Studies
Science, Technology, and Society (STS)
Women's Studies

Any one of these fields may be joined with any
science or engineering field to form a major.
Some combinations naturally lend themselves
not only to an understanding of each field but
also to an integrative and comparative view of
the relationship between the two.
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Bachelor of Science in Humanities and
Engineering
Course XXI-E

Bachelor of Science In Humanities and
Science
Course XX-S

CLASS OF 1997 or later: See Notes on Course XXI-E and
Course XXI-S below.

General Institute Requirements (GIRs)
1

Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement
[all but two Humanities, Arts, and Social Sciences
Distribution subjects can be satisfied by subjects in the
Departmental Program)

Restricted Electives In Science and Technology (REST)
Requirement**

Laboratory Requirement

Total GIR Subjects Required for S.B. Degree

PLUS

Departmental Program Un

Restricted Electives

For the humanities component, one of the following (further
details may be obtained from the catalogue descriptions of
programs In specific fields and the relevant field office)
Anthropology/Archaeology

7 subjects (including 21 A 103), a pre-thesIs
tutorial. and a thesis
Foreign Languages and Literatures

(in French. German, Russian, or Spanish) 7 elective
subjects, a pre-thesis tutorial, and nine elective
subjects, which may Include a pre-thesis and thesis
History

7 elective subjects, a pre-thesis tutorial, and a thesis

American Studies
2

7 elective subjects (including two In history and two in litera-
ture), a pre-thesis tutorial, and a thesis 81-102
Latin American Studies

2

7 elective subjects (including study In at least two disciplines
and some work in Spanish), a pre-thesis tutorial, and
a thesis 81-102
Russian Studies 2

7 elective subjects (including Russian IV, one subject In
pre-revolutionary history, and one subject in pre-revolutionary
literature), a pre-thesIs tutorial, and a thesis 81-102
Science, Technology, and Society (STS)

8 subjects (Including STS 091 and STS 092 and study In two
STS areas), a pre-thesis tutorial, and a thesis 90-108

Women's Studies
2

7 subjects (including SP 401, introduction to Women's Studies),
a pre-thesis tutorial, and a thesis 81-102

8

And for the Engineering/Science component, one of the
3 following:
1 For XXI-E 54-72

6 elective subjects restricted to one of the Engineering curricula
and approved by a faculty member in the field"

17 For XX-S 54-72
6 elective subjects restricted to one of the Science curricula and
approved by a faculty member in the field"

3

ts

Notes on Course XX-E and Course XXI-S

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'As a matter of general Course XXI policy, subjects used to
meet the General Institute Science Requirement, the REST
Requirement, and the Laboratory Requirement may not be
included in the 6-subject Engineering or Science component of
XXI-E or XXI-S. Only 1 subject being used to meet the DIstribu-
tion element of the Humanities, Arts, and Social Sciences
Requirement may be counted toward the humanities compo-
nent of these degree programs. For classes entering in Septem-
ber 1988 (Class of 1992) or later, all but two HASS-Distribution
Requirement subjects can be satisfied by subjects in the
Departmental Program
2American Studies. Latin American Studies, Psychology,
Women's Studies. Theater Arts, and Russian Studies are also
available as full majors by special arrangement with the Dean
of the School of Humanities and Social Science.

'When possible, the subject satisfying the institute Laboratory
Requirement and one of the subjects satisfying the REST
Requirement should be selected from this same curriculum, in
addition to the regular requirement.

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.

or

6 subjects in Brain and Cognitive Sciences (detailed specifica-
tions available from the Department of Brain and Cognitive
Sciences or Humanities Section/Program Offices)

Departmental Program units that also satisfy
the GIRs (54-72)

Unrestricted Electives 54 to 103

84-99

Total Units Beyond the GIRs Required for S.D. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GiRs Every

81-102 subject in the student's departmental program will count toward
one or the other. but not both.

81-102

Literature

8 elective subjects (Including two seminars and subjects In
three historical periods) 96
Music

9 subjects including 21M 201, 21M 205, 21M 301, 21M 302,
2 (6-unit subjects) In performance, 2 electives
(excluding 21M 011 and performance). and 21M 500. Senior
Seminar in Music 90-96
Writing

Creative or Expository
7 subjects centered in creative or expository writing
(one of these subjects is normally at the Introductory
level and another at the advanced level; one may be
chosen from a related field), a pre-thesis tutorial, and
a thesis 81-102

Science Journalism or Technical Communication
4 subjects in writing (Including 21W 777. 21W 782. 21W 792,
and a subject In basic exposition), 3 subjects from related
curricula (Including, for Science Journalism, subjects In the
history and social context of science/technology. or, for
Technical Communication. 9 00, a subject in graphics and
design, and a subject In the structure of business organiza-
tions), a pre-thesis tutorial, and a thesis 87-93
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Department of
Linguistics and Philosophy
(Course 24)

Faculty and Staff Undergraduate Study

Wayne O'Neil, Ph.D.
Professor of Linguistics
Head of the Department

Professors

Ned Block, Ph.D.
Professor of Philosophy

George Stephen Boolos, Ph.D.
Professor of Philosophy

Richard Lee Cartwright, Ph.D.
Professor of Philosophy

Noam Chomsky, Ph.D.
Institute Professor
Professor of Linguistics

Joshua Cohen, Ph.D.
Professor of Philosophy
and Political Science

Kenneth Locke Hale, Ph.D.
Ferrari P Ward Professor of Modern Languages
and Linguistics

Morris Halle, Ph.D.
Institute Professor
Professor of Linguistics

James Wesley Harris, Ph.D.
Professor of Spanish and Linguistics

Paul Horwich, Ph.D.
Professor of Philosophy

Michael Kenstowicz, Ph.D.
Professor of Linguistics

Samuel Jay Keyser, Ph.D.
Peter de Florez Professor of Linguistics
Codirector, Center for Cognitive Science
Associate Provost for Institute Life

Shigeru Miyagawa, Ph.D.
Professor of Linguistics and Japanese

Irving Singer, Ph.D.
Professor of Philosophy

Robert Stalnaker, Ph.D.
Professor of Philosophy

Judith Jarvis Thomson, Ph.D.
Laurance S. Rockefeller Professor of Philosophy

Kenneth N. Wexler, Ph.D.
Professor of Psychology
and Linguistics

Associate Professors

David Owen Brink, Ph.D.
Associate Professor of Philosophy

Suzanne Flynn, Ph.D.
Associate Professor of Second Language
Acquisition

Michael Oliver Hardimon, Ph.D.
Associate Professor of Philosophy
(On leave)

Irene R. Heim, Ph.D.
Class of 1943 Career Development Associate
Professor of Linguistics

Alec Marantz, Ph.D.
Associate Professor of Linguistics

David Pesetsky, Ph.D.
Associate Professor of Linguistics

Assistant Professor

Kai von Fintel, Ph.D.
Assistant Professor of Linguistics

Administrative Officer

Jamie Young

Professor Emeritus

Sylvain Bromberger, Ph.D.
Professor of Philosophy, Emeritus

Thomas Samuel Kuhn, Ph.D.
Laurance S. Rockefeller Professor of Philosophy
and History of Science, Emeritus

As its name suggests, the Department of Lin-
guistics and Philosophy houses a linguistics
section and a philosophy section. Though they
share a number of intellectual interests, these
two sections are administratively autonomous
with separate chairpersons, faculties, admis-
sions procedures, curricular and degree re-
quirements, and financial aid programs.

The lingistics section offers a program leading
to the Doctor of Philosophy in Linguistics. The
Master of Science degree is awarded only in
exceptional circumstances. There is no under-
graduate degree program in linguistics, though
the section does offer undergraduate subjects
that may be taken as electives by any student or
as part of the Course IX Cognitive Sciences and
the Course XXIV Language and Mind programs.

Philosophy aims at analysis and criticism of the
concepts and principles fundamental to the
sciences, to our commonsense view of the
world, and to our modes of valuation. The study
of philosophy is thus appropriate for those who
enjoy thinking carefully and logically about
basic issues, who seek perspective on a scien-
tific education, and who wish breadth of educa-
tional experience prior to entering professional
programs such as law or medicine.

The goal of the Minor Program is to introduce
students to the methods of analytic philosophy
and then to have them study a broad range of
philosophers and philosophical issues at a more
sophisticated level, culminating in an advanced
seminar.
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The Minor Program In Philosophy consists of
six subjects arranged into three levels of study
as follows:

TIER 1: Two subjects including

Any introductory philosophy subject (subject
without prerequisite)

and
24.241 Logic I

TIER 11: Three intermediate subjects in Philoso-
phy chosen as follows

24.200
24.202

24.204

One from among
Ancient Philosophy
Modern Philosophy: Descartes to
Kant
Existentialism
and one from among

24.211 Theory of Knowledge
24.221 Metaphysics
24.231 Ethics

and one from among
24.119
24.151

24.210

24.211
24.221
24.231
24.233J
24.235J

Minds and Machines
Introduction to Philosophy of
Language
Problems in the Philosophy of
Love
Theory of Knowledge
Metaphysics
Ethics
Political Philosophy
Philosophy of Law

TIER Ill: One subject
24.260 Topics in Philosophy

The introduction to the School of Humanities
and Social Science found earlier in this chapter
describes the department in the larger context
of the School and of the Institute.

Bachelor of Science in Philosophy
Course XXIV

The philosophy section offers two undergradu-
ate programs leading to the degree of Bachelor
of Science in Philosophy, as well as a program
leading to the doctorate in philosophy.

Program 1, the traditional undergraduate
philosophy major, is designed to provide
familiarity with the history and current status of
the main problems in epistemology, meta-
physics, and ethics; mastery of some of the
technical skills requisite for advanced work in
philosophy; facility at independent philosophical
study; and work at an advanced level in an
allied field. A relatively large amount of
unrestricted elective time is available so that
students can devise programs suited to
individual needs and interests.

Program 2, called the Program in Language and
Mind, addresses itself to a cluster of topics and
problems currently being investigated by re-
searchers in philosophy, psychology, linguistics,
and artificial intelligence that do not fall neatly
into any one of those fields. Central among
these topics are the nature of language, of
mental representation of knowledge, and of the
innate basis for the acquisition of such knowl-
edge. A core set of seven subjects is required
for the purpose of teaching students the central
facts and issues in the study of language and
the representation of knowledge. A further
requirement of specialization within the program
of our additional subjects in one of the fields is
designed to ensure preparation for graduate
study in either philosophy or psychology or
linguistics. Lists of subjects in philosophy,
linguistics, psychology, and artificial intelligence,
which may be used to satisfy the restricted
elective requirement, may be obtained from the
department.

Bachelor of Science in Philosophy
Course XXIV
Program 1

CLASS OF 1997 or later See Notes on Course XXiv below.

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects In the
Departmental Program (for the field of concentration) 8
Restricted Electives in Science and Technology (REST)
Requirement** 3

Laboratory Requirement 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subjct names below are followed by credit units; all except
24.241 and 24.260 have as a prerequisite one previous philoso-
phy subject
Required Subjects 72

24.200 Ancient Philosophy, 12, HASS

24.202 Modern Philosophy: Descartes to Kant. 12. HASS

24.260 Topics In Philosophy
2
, 12, HASS

One of the following two subjects:
24.211 Theory of Knowledge, 12, HASS

24.221 Metaphysics, 12, HASS

plus
24.231 Ethics, 12, HASS

24.241 Logic I, 12, HASS

Restricted Electives' 45-60
A coherent program of five subjects, of which two must be In
phIiosophV

Departmental Program units that also satisfy
the GIRs (30-36)

Unrestricted Electives 84-93

Total Units Beyond the GIRe Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GiRs Every
subject In the student's departmental program will count toward
one or the other, but not both.

Notes on Course )OIV Program 1

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GiRs constant at 17.

'Students entering MIT In September 1987 (Class of 1991) may
take an additional restricted elective in place of 24.260 this
restricted elective must be In an advanced subject in a disci-
pline other than philosophy.
2
Prerequisite: Two subjects in Philosophy.

3
Sludents entering MIT In September 1987 and 1988 (Classes

of 1991 and 1992) must take three advanced subjects in a
discipline other than philosophy.

**The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.
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Graduate Study

Bachelor of Science in Philosophy
Course XXIV
Program 2 Language and Mind

CLASS OF 1997 or later: See Notes on Course XXIV below.

General Institute Requirements 17 Subjects

Science Requirement 5
Humanities, Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects In the
Departmental Program (for the field of concentration)] 8
Restricted Electives In Science and Technology (REST)
Requirement" 3
Laboratory Requirement I

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects

Notes on Course XXIV Program 2

CLASS OF 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

*Alternate prerequisites are listed in the subject description.

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.

84

24.119 Minds and Machines, 12. HASS

24.151 Introduction to Philosophy of Language, 12, HASS

24.241 Logic 1, 12, HASS

24.900J The Study of Language, 12, HASS
24.901J Language and its Structure 1: Phonology, 12,

HASS. 24.900J
Two of the following three subjects:

9.59 Psycholinguistics, 12, HASS; 9.62J*
9.65 Cognitive Processes, 12, HASS

24.116J Introduction to Cognitive Science, 12, HASS

Restricted Electives 36-48
A coherent program of four additional subjects which normally
should be chosen from one or two of the four areas: Philosophy,
Linguistics, Psychology, Artificial Intelligence (see text).

Departmental Program units that also satisfy
the GIRs (36)

Unrestricted Electives 84-96

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as par of the 180 units required beyond the GIRs. Every
subject In the student's departmental program will count toward
one or the other, but not both.

The department offers two programs leading to
the degree of Doctor of Philosophy, one in
ljnguistics and one in philosophy.

Doctor of Philosophy In Linguistics

The linguistics section offers a demanding
program leading to the degree of Doctor of
Philosophy in Linguistics. The normal course of
study is four years, including the writing of the
dissertation. The orientation of the program is
highly theoretical, its central aim being the
deveopment of a general theory that reveals the
rules and laws that govern the structure of a
given language and the general laws and princi-
ples that govern all natural languages. The
topics that form the core of this program are the
traditional ones of phonology, morphology,
syntax, semantics, and historical linguistics: but
the program's interests also extend into ques-
tions of the interrelations between linguistics
and other disciplines such as philosophy and
logic, literary studies, mathematics and the
study of formal languages, acoustics, artificial
intelligence, and computer science.

Approximately 10 students enter the program
each year in a highly selective admissions
process. The department does not require that
applicants have taken any particular set of
subjects or that they be trained in any particular
discipline. Instead, applicants must present
evidence that they are able to engage in serious
study of complex subject matter. Examples of
such evidence might be mastery in depth of a
language or group of languages, e.g., classical
Greek, Semitic, Japanese; or work, academic or
nonacademic, of high quality in a relevant area,
especially if it requires considerable application,
imagination, or ingenuity.

All students in the linguistics program must
complete a set of required subjects unless they
have acquired adequate preparation elsewhere.
A program of studies in a minor field is also
required in order to broaden the student's
educational experience. Before degree candi-
dates begin their doctoral research they are
required to pass a comprehensive General
Examination, in conformity with Institute require-
ments. Students must also demonstrate compe-
tence in two foreign languages.
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The following subjects are normally required of
all doctoral candidates in linguistics, unless they
have obtained adequate preparation elsewhere:

24.942 Topics in the Grammar of a Less
Familiar Language

24.950J Language Acquisition 11
24.951 Introduction to Syntax
24.952 Advanced Syntax
24.957 Introduction to Linguistic Theory at

an Advanced Level
24.958 Linguistic Structure
24.959 Workshop in Syntax and Semantics
24.961 Introduction to Phonology
24.962 Advanced Phonology
24.969 Workshop in Phonology and

Morphology
24.970 Introduction to Semantics
24.973 Advanced Semantics
24.992 Survey of General Linguistics

One of the following
24.956 Topics in Syntax
24.964 Topics in Phonology
24.979 Topics in Semantics

Before students may begin their doctoral re-
search, they are requird to pass a comprehen-
sive General Examination that is composed of
two parts. The first part is a written examination
consisting of two substantial papers on topics
chosen in consultation with members of the
faculty. Usually one paper is on phonology or
morphology and the other on syntax or seman-
tics, but it is possible for one or both papers to
treat the interaction of two topics, for example
the interaction between syntax and semantics.
In conformity with Institute regulations, the
second part of the examination is oral. It deals
with topics treated in the candidate's written
examination, but is not limited to these and
p robes into the candidate's competence in
inguistics in general.

Every candidate for the doctorate must com-
plete a program of studies in a minor field, the
purpose of which is to broaden the interests
and capacities of the student in areas other than
those of his or her major intellectual objective.

Doctor of Philosophy In Philosophy

The program of studies leading to the doctorate
in philosophy provides subjects and seminars in
such traditional areas as logic, ethics, meta-
physics, epistemology, philosophy of science,
philosophy of language, philosophy of mind,
aesthetics, social and political philosophy, and
history of philosophy. Interest in philosophical
problems arising from other disciplines, such as
inguistics, psychology, mathematics, and
physics, is also encouraged.

To enter the doctoral program, students must
have done well in their previous academic work
and must be formally accepted as candidates
for the degree by the Department of Linguistics
and Philosophy. Although there are no formal
course requirements for admission, applicants
must satisfy the committee on admissions that
their preparation in philosophy and allied disci-
plines is sufficient for undertaking study of
philosophy at the graduate level.

Before beginning dissertation research, students
are required to take two years of coursework,
including a proseminar in contemporary
philosophy that all students must complete in
their first year of graduate study. Students are
also required to pass general examinations and
demonstrate competence in the following areas:
value theory, logic, and the history of
philosophy.

Interdisciplinary study is encouraged, and
candidates for the doctorate may take a minor
in a field other than philosophy. Options for
minors include psychology, linguistics, and
logic. Students who elect one of these options
are expected to complete three approved
graduate subjects in their minor field. There is
no general language requirement for the doctor-
ate, except in those cases in which competence
in one or more foreign languages is needed to
carry on research for the aissertation.

Inquiries

Information regarding undergraduate or
graduate academic programs, research activi-
ties, admissions, financial aid, and assistantships
may be obtained from the Department of Lin-
guistics and Philosophy, Room 20D-213, MIT
Cambridge, MA 02139-4307, (617) 253-4141.



Department of Political Science (Course 17) 219

Department of
Political Science
(Course 17)

Faculty and Staff Overview

Richard Joel Samuels, Ph.D.
Professor of Political Science
Head of the Department

Professors

Hayward Rose Alker, Jr., Ph.D.
Professor of Political Science

Suzanne Berger, Ph.D.
Ford International Professor of Political Science

Donald Laurence Morton Blackmer, Ph.D.
Professor of Political Science

Joshua Cohen, Ph.D.
Professor of Philosophy and Political Science

Nazli Choucri, Ph.D.
Professor of Political Science

Willard Raymond Johnson, Ph.D.
Professor of Political Science

Stephen Michael Meyer, Ph.D.
Professor of Political Science
(On leave, fall)

Barry R. Posen, Ph.D.
Professor of Political Science
(On leave, spring)

George William Rathjens, Ph.D.
Professor of Political Science

Charles Frederic Sabel, Ph.D.
Ford International Professor of Political Science
(On leave, fall)

Harvey Morton Sapolsky, Ph.D.
Professor of Public Policy and Organization

Eugene Bertram Skolnikoff, Ph.D.
Professor of Political Science

Myron Weiner, Ph.D.
Ford Professor of Political Science

Associate Professors

Jonathan A. Fox, Ph.D.
Mitsui Career Development Associate Professor
of Political Science

Ellen Immergut, Ph.D.
Ford International Career Development
Associate Professor of Political Science

Richard M. Locke, Ph.D.
Associate Professor of Industrial Relations and
Political Science

Uday Mehta, Ph.D.
Associate Professor of Political Science

Kenneth A. Oye, Ph.D.
Associate Professor of Political Science

James M. Snyder, Jr., Ph.D.
Associate Professor of Political Science

Charles Stewart 111, Ph.D.
Cecil and Ida Green Career Development
Associate Professor of Political Science
(On leave, spring)

Assistant Professors
Stephen D. Ansolabehere, Ph.D.
Assistant Professor of Political Science
(On leave)

Zhiyuan Cui, Ph.D.
Assistant Professor of Political Science

Daniel T. Kryder, Ph.D.
Assistant Professor of Political Science

Stephen W. Van Evera, Ph.D.
Assistant Professor of Political Science

Adjunct Professors
Ronald P Dore, B.A.
Adjunct Professor of Political Science

Horst Kern, Dr.disc.pol.
Adjunct Professor of Political Science

Lecturers

Margaret A. Burnham, LL.B.
Peter H. Lemieux, Ph.D.

Administrative Officer

Alison L. Salisbury, B.A.

Administrative Staff

Frances F Powell
Jeanne L. Washington, B.S.

Professors Emeriti

Lincoln Palmer Bloomfield, Ph.D.
Professor of Political Science
Emeritus

William Edgar Griffith, Ph.D.
Professor of Political Science, Emeritus

William Weed Kaufmann, Ph.D.
Professor of Political Science, Emeritus

Lucian Wilmot Pye, Ph.D., L.L.D.
Professor of Political Science, Emeritus

Political science is concerned with the
systematic study of government and the political
process. Within the discipline, scholars analyze
the development, distribution, and uses of
political power; determinants and
consequences of various forms of political
behavior and sources of political conflict; ways
in which conflicts are both intensified and
resolved: and the relationship between the
individual and the state. Political science is a
discipline of special interest to scientists and
engineers who must understand the political
system within which they live in order to
evaluate their influence upon that system. It is of
interest as well to those students who are
considering careers in public service or
university teaching and research.

The department has a research-oriented faculty
that welcomes the association of both under-
graduate and graduate students in on oing
research. Among the major features o the
department are an emphasis on empirical
methods and research training: a concern with
issues of public policy, particularly in the areas
of arms control and defense, science policy,
political economy, population and migration,
and foreign policy; comparative studies
involving the United States and other advanced
industrial societies, the developing countries of
the third world, and former communist
countries: and a strong interdisciplinary
perspective that incorporates political sociology,
political psychology, and economic and political
development.
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Undergraduate Study

The Minor Program is designed to ensure that
students acquire both depth and breadth of
understanding in the discipline. A minor in
Political Science consists of six subjects. The
requirements for the minor parallel the require-
ments for the major and are structured as
follows:

TIER I: Two or three introductory Political
Science subjects from different subfields of the
curriculum

Political Philosophy
US Politics
Non-US or International Politics
Public Policy

TIER 11: Two or three upper-level undergradu-
ate subjects in one of the following areas of
specialization

Political Philosophy
US Politics
Non-US or International Politics
Public Policy

TIER IlIl: At least one subject from the following

17.203
17.803
17.907
17.915

Political Science Laboratory
Arguments and Debates
Reading Seminar in Social Science
Junior Colloquium in Political Science
and Public Affairs

For a listing of available subjects in these areas,
consult the Political Science Undergraduate
Office (E53-460) or the HASS Office (14N-408).

The department offers degree programs at the
bachelor's, master's, and doctoral levels. The
introduction to the School of Humanities and
Social Science found earlier in this chapter
describes the department in the larger context
of the School and of MIT

Bachelor of Science in Political Science
Course XVII

The political science curriculum for undergradu-
ates combines professional social science
training with opportunities for a broad liberal arts
education. Students may choose subjects from
a wide range of both undergraduate and gradu-
ate offerings, and are encouraged to engage in
independent research projects. In addition, the
department sponsors an internship program in
which students work in governmental agencies,
legislative offices, community associations,
international organizations, and advocacy
groups at all levels.

The undergraduate program prepares students
for study in political science, law, public policy,
and related fields, and for careers in govern-
ment, business, law, research, teaching, or
journalism. This program is also designed to
give students, whatever their career objectives,
an understanding of political institutions and
processes. Some students want to focus on
political systems themselves: others choose to
concentrate on the political aspects of public
policy, focusing on such issues as the environ-
ment, health, or arms control. Both of these
perspectives are found in the program.

Subjects are offered by the department in the
following fields: political theory, American
politics and public policy, urban politics and
policy, science and public policy, defense and
arms control policy, political psychology,
political development, political behavior,
comparative politics, and international relations
and foreign policy. Students may work out
individualized programs with the assistance of a
faculty advisor.

The department believes that every political
science major should have the experience of
conducting and writing at least one substantial
research project, a requirement that is fulfilled
by the senior thesis. Each undergraduate
chooses a thesis advisor in his or her area of
interest. The student then registers for Pre-
thesis Reading Seminar in the fall term and for
Thesis in the spring term of the senior year.

In addition to the thesis, there are numerous
other opportunities for students to pursue
research interests. For example, a student may
wish to take an independent reading subject in
an area for which no formal subject is being
offered. Also, students are eligible to receive
academic credit or limited funding for expenses
or wages through the Institute-wide Undergrad-
uate Research Opportunities Program. Students
should consult the department's UROP coordi-
nator to discuss specific projects.

Bachelor of Science in Political Science
Course XVII

CLASS OF 1997 or later, See Notes on Course XVII below

General Institute Requirements (GIRs) Subjects

Science Requirement
Humanities, Arts, and Social Sciences Requirement
[three subjects can be satisfied by subjects In the
Departmental Program]

Restricted Electives in Science and Technology (REST)
Requirement*

Laboratory Requirement

5

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Required Subjects 24

17.913 Pre-thesis Reading Seminar, 9
17 ThU Undergraduate Political Science Thesis (at least

15 units: additional units by special arrangement)

Restricted Electives 84-108
Normally nine subjects divided as follows:

At least one subject that provides exposure in depth to each of
the following four aspects of political science:

Political Philosophy
US Politics
A Non-US or International Perspective
Public Policy

Five additional political science subjects, one of which must be
the following:

17.203 Political Science Laboratory. 12, LAB

17.803 Arguments and Debates. 12, HASS

17.915 Junior colloquium in Political Science and
Public Affairs. 12. HASS

Specific subjects satisfying these criteria should be chosen
In consultation with a faculty advisor

Departmental Program units that also satisfy
the GIRs (30-36)

Unrestricted Electives 84-102

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GiRs. Every
subject In the student's departmental program will count toward
one or the other, but not both.

Notes on Course Xvii

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two. keeping the
total number of GIRs constant at 17.

*The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.
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Graduate Study

The Department of Political Science offers work
leading to the Master of Science in Political
Science and the Doctor of Philosophy.

Entrance Requirements for Graduate Study

There are no absolute prerequisites for admis-
sion to the graduate program, but students are
expected to have taken at least six term sub-
jects in English, history, and other fields of the
humanities and social sciences. It is recom-
mended that candidates for the doctoral pro-
gram take at least one upper-level subject on
the history of political thought and one term of
statistics. Candidates for master's and doctoral
programs are advised to take undergraduate
subjects in areas relevant to their special fields
of interest, for example, introductory economics
for work in public policy: languages for area
studies; science or engineering subjects for
study in science, technology, and public policy;
and mathematics for work in defense and arms
control.

Master of Science in Political Science

The Master of Science is intended for students
who are concerned with developing skills in
applied research and are seeking careers in
public service. The master's program empha-
sizes intensive preparation in a single field of
study. Applications should describe the field in
which students wish to specialize.

Subjects need not be restricted to those offered
within the department, but the entire program
must meet with the approval of the student's
advisor. A thesis is required. See Chapter IV for
the general requirements for the S.M.

Accelerated Master of Science in Political
Science

The department offers a five-year program
leading to the Bachelor of Science and Master
of Science, awarded simultaneously. This pro-
gram is open to MIT undergraduates only. It
allows the student to plan for a single combined
S.B.-S.M. thesis written during the last three
terms at the Institute. Undergraduate Institute
requirements may be completed during the fifth
year of the program.

Master of Science in Technology and Policy

Students interested in the relationship between
science and technology and public policy may
apply for the interdepartmental Master of Sci-
ence program in Technology and Policy. This
program combines subjects in political science,
law, and other social sciences, with advanced
work in a technological field of the student's
choosing. The goal is to train students for
professional work at the intersection of policy
and technology. General requirements and
application procedures are described in Chap-
ter VI. For more information, contact Professor
Richard de Neufville, Director of the Program.

Doctor of Philosophy

Candidates for the doctorate must prepare
themselves in four approved fields of study. Two
of these fields (the required field of political anal-
ysis and one other) are normally satisfied by
completing stipulated subjects or demonstrating
achieved competence. The remaining two fields
are the focus of the student's General Examina-
tion, written and oral. The student is also re-
quired to present and defend an advanced re-
search paper (Second Year Paper) prior to the
General Examination. Students must qualify in at
least two of the following core fields: American
politics: comparative politics and political devel-
opment; international relations and foreign
policy; models and methods; political economy;
public policy; and social theory and political phi-

sophy. General Examinations may also be tak-
en in specialized fields such as country and re-
gional studies; defense and arms control; and
science, technology, and public policy.

Students are encouraged to take subjects in
other MIT departments. Cross-registration
arrangements also permit enrollment in subjects
taught in the Graduate School of Arts and
Sciences at Harvard University and in some of
Harvard's other graduate schools.

Bachelor of Science in Political Science
Course XVII

Programs of study logically combining ad-
vanced work in some scientific, engineering,
management, or other social science field with
political science are welcomed. For example,
some political science students have developed
programs around the interdisciplinary field of
communications policy. Graduate work in this
field at MIT is described in more detail in Chap-
ter VI. A candidate's qualifications for interdisci-
plinary programs must indicate promise of
ability to develop fruitful new lines of inquiry on
problems touching the relationship of govern-
ment, human behavior, science, technology,
and the political process.

Guided field research and close working ties
with faculty members engaged in major re-
search activities are stressed.

Teaching and Research Assistantships

Financial assistance is available to qualified
applicants in the form of research assistant-
ships, graduate traineeshi ps, and a limited
number of fellowships, subject to the availability
of funds. Research assistants work under faculty
supervision on projects administered by the
department and through MIT-affiliated research
facilities such as the Center for International
Studies and the Center for Technology, Policy,
and Industrial Development (both described in
Chapter VI). In addition, advanced graduate
students may quality to become teaching
assistants.

Inquiries

Additional information regarding academic
programs in the department and admissions
may be obtained from the Administrator of
Graduate Student Affairs, Jeanne Washington,
(617) 253-8336. Information on research pro-
grams, assistantships and financial aid, may be
obtained from the Administrative Officer, Alison
Salisbury, (617) 253-6635. Written inquiries
should be addressed to MIT Room E53-470,
Cambridge, MA 02139-4307.
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Program in Science,
Technology, and Society
(STS)

Faculty and Staff Overview

Merritt Roe Smith, Ph.D.
Professor of the History of Technology
Director

Professors

Jed Z. Buchwald, Ph.D.
Bern Dibner Professor of the History of Science
Director of the Dibner Institute for the History of
Science and Technology

Michael M.J. Fischer, Ph.D.
Professor of Anthropology and
Science and Technology Studies

Loren R. Graham, Ph.D.
Professor of the History of Science

Evelyn Fox Keller, Ph.D.
Professor of History and Philosophy of Science

Kenneth Keniston, Ph.D.
Andrew W. Mellon Professor of Human
Development

Kenneth Rogers Manning, Ph.D.
Thomas Meloy Professor of Rhetoric and the
History of Science

Theodore A. Postol, Ph.D.
Professor of Science, Technology, and National
Security Policy

Charles Frederic Sabel, Ph.D.
Ford International Professor of Political Science

Eugene B. Skolnikoff, Ph.D.
Professor of Political Science

Leon Trilling, Ph.D.
Professor of Aeronautics and Astronautics

Sherry Roxanne Turkle, Ph.D.
Professor of Sociology of Science
(On leave)

Charles Weiner, Ph.D.
Professor of the History of Science and
Technology

Associate Professors

Louis Lawrence Bucciarelli, Ph.D.
Associate Professor of Engineering and
Technology Studies

Deborah Fitzgerald, Ph.D.
Class of 1956 Career Development Associate
Professor of the History of Technology

Lily E. Kay, Ph.D.
Associate Professor of the History of Science

Assistant Professors

Hugh Gusterson, Ph.D.
Assistant Professor of Anthropology and
Science Studies

Evelynn M. Hammonds, Ph.D.
Assistant Professor of the History of Science

Visiting Professors

Jill Conway, Ph.D.
Professor of the History of Women

Gerald Holton, Ph.D.
Professor of the History of Science

Senior Lecturers

Carl Kaysen, Ph.D.
David W. Skinner Professor of Political
Economy, Emeritus

Leo Marx, Ph.D.
William R. Kenan Professor of American Cultural
History, Emeritus

Senior Research Associate

Victor McElheny, B.A.
Director, Knight Science Foundation Fellowships
(On leave)

Administrative Officer

Judith Stein, Ed.M.

Undergraduate Administrator

Phyllis Klein, Ed.M.

Professors Emeriti

Carl Kaysen, Ph.D.
David W. Skinner Professor of Political
Economy, Emeritus

Elting Elmore Morison, A.M.
Elizabeth and James R. Killian Class of 1926
Professor, Emeritus

Walter Alter Rosenblith, Ing. Rad.
Institute Professor, Emeritus
Provost, Emeritus

Jerome Bert Wiesner, Ph.D.
Institute Professor, Emeritus
President, Emeritus

The Program in Science, Technology, and
Society (STS) focuses on the ways in which
scientific, technological, and social factors
interact to shape modern life. The program
brings together humanists, social scientists,
engineers, and natural scientists, all committed
to transcending the boundaries of their disci-
plines in a joint search for new insights and new
ways of reaching science and engineering
students. The goal of the program is to set up a
forum to explore the relationship between what
scientists and engineers do and the constraints,
needs, and responses of society. The introduc-
tion to the School of Humanities and Social
Science found earlier in this chapter describes
the program in the larger context of the School
and of MIT.

Located in a major university where most peo-
ple do science and engineering, STS is dedi-
cated to understanding the context of science
and engineering.
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Undergraduate Study

Engineering and science students are increas-
ingly seeking to understand the social and
historical contexts in which they will work and
the social consequences of what they will do in
their professional careers. STS subjects help
them think realistically and creatively about the
intellectual, moral, political, and social issues
raised by the rapid growth of science and
technology in the 20th century.

STS contributes to undergraduate education at
MIT in several ways. It offers general subjects to
introduce science and engineering students to
broad social and intellectual perspectives on
their fields. It also offers more specialized sub-
jects in two areas: the history of science and
technology and the social study of science and
technology. Within each of these categories,
students can choose both introductory and
more advanced subjects.

Most STS undergraduate subjects may count
toward the Institute Requirement in the
Humanities, Arts, and Social Sciences. The
program offers a number of HASS Distribution
Requirement subjects as well as a field of
concentration.

The goal of the Minor Program is to give stu-
dents majoring in engineering or one of the
sciences a broader perspective on their fields:
how they have evolved, and how they fit into the
wider context of society, culture, politics, and
values.

The Minor Program in Science, Technology,
and Society consists of six subjects as follows:

TIER 1: One HASS-D subject in STS

TIER 11: Four undergraduate subjects, three of
which must be in one of the following areas of
the STS curriculum and one in the other area:

History of Science and Technology
Social Study of Science and Technology

TIER Ill: One STS Reading Seminar (STS 091
or STS 092). Prerequisite is completion of one
STS HASS-D subject or permission of the STS
undergraduate advisor.

Double Degree Program

For those students who wish to integrate their
professional study of engineering or science
with a rigorous treatment of its relation to social
and historical forces, STS offers a double de-
gree program in cooperation with the Schools
of Engineering and Science. The object of this
degree program is to give such students the full
technical and scientific education provided by a
science or engineering major, and balanced
with intensive studies of the historical and social
contexts of science and technology.

Students in the double degree program must
complete all the requirements of their majors as
well as the STS requirements described below,
and write a thesis in each field. Upon comple-
tion of all requirements students receive a
Bachelor of Science in Science, Technology,
and Society and a Bachelor of Science in a
specific field of engineering or science.

The STS requirements include 14 subjects as
follows: one STS HASS-D subject; five other
STS subjects (at least three in one area of the
STS curriculum and at least one in the other
area): two reading seminars (STS 091 and
STS 092); pre-thesis tutorial; the thesis; and
four related humanities subjects forming a
coherent group. Further details on the require-
ments of this double degree may be obtained
from the Department of Humanities and the STS
undergraduate advisor.

Students must submit to the Registrar a petition
that indicates the desire to work for this double
degree. The petition must be approved by
faculty advisors in the two appropriate depart-
ments before students complete the entire
program. Students who take a normal load of
subjects may require five years to complete this
program, but the majority of double degree
candidates finish their work in four years.

Joint Degree Program (STS)

Students who wish to integrate studies in STS
and Science or Engineering in the context of a
single degree program should consider this
program. It includes a group of specially desig-
nated subjects offered by STS that provide a
focus for interdisciplinary work. Central to this
core is a year-long reading seminar (STS 091
and STS 092), which examines interactions of
science, technology, and culture through read-
ing and discussion of major works.

Students who take this degree must complete
ten subjects: one STS HASS-D subject; five
other STS subjects (at least three in one area of
the STS curriculum and at least one in the other
area); two STS Reading Seminars (STS 091 and
STS 092); pre-thesis tutorial; and thesis.

Consult the chart below for details on the re-
quirements for this joint degree. Further details
may be obtained from the Department of Huma-
nities and the STS undergraduate advisor.

Bachelor of Science
and Society
Joint Degree (STS)

In Science, Technology,

CLASS OF 1997 or later: See Notes on Course XXI-T below

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement
(three subjects can be satisfied by subjects in the
Departmental Program] 8

Restricted Electives in Science and Technology (REST)
Requirement*

Laboratory Requirement

3

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any

Required Subjects 48

One STS HASS-D subject, 12

STS 091 Reading Seminar in Humanities, Science, and
Technology 1. 9*, HASS

STS 092 Reading Seminar In Humanities, Science, and
Technology 11, 9*. HASS

STS ThT Humanities Pre-Thesis Tutorial, 6

STS ThU Undergraduate Thesis In Humanities, 12: STS ThT

Restricted Electives 81-108
A coherent group of five elective subjects. At least three
subjects must be in one of the following areas, and at least one
from the other

a) History of Science and Technology
b) Social Study of Science and Technology

Four related subjects in humanities

Departmental Program units that also satisfy the GIRs (30)

Unrestricted Electives 54-81

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both.
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Graduate Study

Notes on STS

CLASS OF 1997 or later The Science Requirement Increases to
six subjects with the addition of Biology as a GIR. and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

The full major in Science. Technology. and Society (STS) may
be pursued only as a second degree program In conjunction
with another degree program in a field of engineering or
science.

*Prerequisites are listed in the subject description.

*The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.

In collaboration, STS, the History faculty, and
the Anthropology/Archaeology Program offer a
Program in the History and Social Study of
Science and Technology leading to the Ph.D.

The objective of the program is to develop
advanced competence in the study of science
and technology from a historical and social
scientific perspective. Students are expected to
develop a professional mastery of a field of
history or one of the social sciences. They must
also master the underlying concepts in science
and engineering that relate to their special field
of interest.

The graduate program has two tracks. The
History of Science and Technology focuses
on the reciprocal influence of social forces and
scientific and technological developments in the
last two centuries. The Social Study of Science
and Technology applies the theories and meth-
ods of the social sciences to understanding the
role of science and technology in modern
societies. Students with a particular interest in
science and technology policy may also pursue
this interest through joint work in Science,
Technology, and Public Policy in the Depart-
ment of Political Science.

During the first two years, all students take core
proseminars and additional subjects in their
chosen track. Each student has a faculty advisor
who helps design an individual program of
graduate seminars, tutorials, and research.
Upon satisfactory completion of general exami-
nations in the third year, students proceed to the
writing of a thesis, usually with the aid of a
multidisciplinary advisory committee.

Students from any academic discipline are
invited to apply. A background in science or
engineering is useful but not required.

For additional information about the graduate
program, contact the Director of Graduate
Studies, History and Social Study of Science
and Technology, STS, Room E51-110, MIT,
Cambridge, MA 02139-4307, (617) 253-4062.

General Inquiries

Additional information on the Program in Sci-
ence, Technology, and Society may be obtained
from the Director, STS Program, Room E51-110,
MIT, Cambridge, MA 02139-4307, (617)
253-4062.

For detailed descriptions of subjects in Science,
Technology, and Society, see STS 001 to
STS 960 in Chapter VIII.
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The Sloan School of Management, founded in
1952 as the School of Industrial Management, is
the outgrowth of a pioneering curriculum orga-
nized at MIT in 1914, which combined manage-
ment and engineering education. Since those
early years, Course XV Management has pro-
vided this unique pattern of education to MIT's
undergraduates. During this period many of the
Institute's most distinguished graduates made
their reputations as managers and business
leaders. However, the gift of Alfred P Sloan, Jr.,
in 1952 was the landmark in establishing a new
level and a broader scope in management
education at MIT, and much of the story of
management education at the Institute has been
written since then.

The Sloan School now offers an undergraduate
program leading to the Bachelor of Science in
Management Science; graduate programs
leading to the Master of Science in Management
and the Doctor of Philosophy; a one-year Alfred
P Sloan Program in executive development
leading to the Master of Science in Manage-
ment; and a nine-week Program for Senior
Executives in executive development. In addi-
tion, the Sloan School participates with the
School of Engineering in two interdepartmental
programs. The first, Leaders for Manufacturing,
is a 24-month program leading to master's
degrees in both management and engineering.
It is sponsored jointly with the Departments of
Aeronautics and Astronautics, Chemical Engine-
ering, Electrical Engineering and Computer

Science, Materials Science and Engineering,
and Mechanical Engineering. The second
interdepartmental offering is the Management of
Technology Program, which leads to a Master of
Science in the Management of Technology.
Over the past several years the School has
developed a large number of summer subjects
designed primarily to meet the needs of practic-
ing professionals in the various areas of the
School's program.

The Sloan School has set as its mission the
development and dissemination of knowledge
for improving management in the context of a
global economy with increasing technological
competition and the need for more rapid
organizational change. In its efforts, the School
is committed to educating enterprise managers
- men and women who have the will to manage
and to risk, who can deal with complex
systems, who have insight into themselves as
well as others, who understand the total
environment in which they live, and who
continue to learn. In fulfilling this commitment,
the School provides students with a solid
grounding in the academic disciplines relevant
to management- economics, mathematics, and
the behavioral sciences - and develops their
awareness of the multiple facets which
characterize important management problems,
from technical data to human factors. The
School also endeavors to teach students to
make decisions and to move decisively and
responsibly in an increasingly complex world.

The opportunities for such graduates in a
society full of challenge, both social and
technical, are substantial and growing in fields
which include industrial management and the
management of technology, health services,
education, and public and urban affairs.

In addition to educating men and women for
management, the Sloan School is equally
committed to research directed at new under-
standing of and better solutions to management
problems. Together, research and education are
mutually reinforcing goals, and the School is
confident of the continued impact of work done
at MIT in the fields of management and man-
agement education.

Office of the Dean

Lester C. Thurow, Ph.D.
Professor of Management and Economics
Dean

Stephen C. Graves, Ph.D.
Leaders for Manufacturing Professor
of Management Science
Deputy Dean

Robert B. McKersie, D.B.A.
Sloan Fellows Professor of Management
Deputy Dean
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Faculty and Staff

Professors

Thomas John Allen, Jr., Ph.D.
Gordon Y Billard Fund Professor of
Management
CoDirector, The International Center for
Research on the Management of Technology
and the Program on the Pharmaceutical
Industry
MacVicar Faculty Fellow
(On leave, fall)

Lotte Lazarsfeld Bailyn, Ph.D.
T Wilson (1953) Professor of Management

Arnold Irwin Barnett, Ph.D.
Professor of Operations Research and
Management

Ernst R. Berndt, Ph.D.
Professor of Applied Economics

Gabriel Richard Bitran, Ph.D.
The Nippon Telegraph and Telephone Professor
of Management
(On leave)

John Stephen Carroll, Ph.D.
Professor of Behavioral and Policy Sciences

John Carrington Cox, Ph.D.
Nomura Professor of Finance

Randall Davis, Ph.D.
Professor of Computer Science and
Engineering and Management Science
Associate Director, Artificial Intelligence
Laboratory

Stephen C. Graves, Ph.D.
Professor of Management Science
Deputy Dean

John Richard Hauser, Sc.D.
Kirin Professor of Marketing

Arnoldo Cubillos Hax, Ph.D.
Alfred P Sloan Professor of Management
(On leave)

Paul M. Healy, Ph.D.
Nanyang Technological University Senior
Professor

Chi-fu Huang, Ph.D.
J.C. Penney Professor of Management
(On leave)

Henry Donnan Jacoby, Ph.D.
William F Pounds Professor of Management

Paul Lewis Joskow. Ph.D.
Mitsui Professor of Economics and
Management

Gordon Mayer Kaufman, D.B.A.
Professor of Operations Research and
Management

Thomas Anton Kochan, Ph.D.
George Maverick Bunker Professor of
Management

Donald Roy Lessard, Ph.D.
Professor of International Management

John Dutton Conant Little, Ph.D.
Institute Professor

Andrew W. Lo, Ph.D.
Professor of Finance

Stuart Elliot Madnick, Ph.D.
John Norris Maguire Professor of Information
Technology
(On leave, fall)

Thomas Lee Magnanti, Ph.D.
George Eastman Professor of Management
Science
Codirector, Operations Research Center
Codirector, Leaders for Manufacturing Program
Class of 1960 Fellow

Thomas Wendall Malone, Ph.D.
Patrick J. McGovern Professor of Information
Systems
Director, Center for Coordination Science

Robert Bruce McKersie, D.B.A.
Sloan Fellows Professor of Management
Deputy Dean

Stewart Clay Myers, Ph.D.
Gordon Y Billard Professor of Finance
Director, International Financial Services
Research Center

J. D. Nyhart, J.D.
Professor of Ocean Engineering and
Management

James Berger Orlin, Ph.D.
Professor of Management Science and
Operations Research

Paul Osterman, Ph.D.
Professor of Management
(On leave)

Robert Stephen Pindyck, Ph.D.
Mitsubishi Bank Professor of Finance

Michael Joseph Piore, Ph.D.
Professor of Economics and Management

William Frank Pounds, Ph.D.
Professor of Management

Edward Baer Roberts, Ph.D.
David Sarnoff Professor of Management of
Technology

Julio Jacobo Rotemberg, Ph.D.
Professor of Applied Economics

Richard Lee Schmalensee, Ph.D.
Gordon Y Billard Professor of Management and
Economics
Director, Center for Energy and Environmental
Policy Research

Michael Stewart Scott Morton, D.B.A.
Jay W. Forrester Professor of Management

Jeremy Frank Shapiro, Ph.D.
Professor of Operations Research and
Management

Thomas Martin Stoker, Ph.D.
Professor of Applied Economics
(On leave)

Lester C. Thurow, Ph.D.
Professor of Management and Economics
(On leave)

Glen Lee Urban, Ph.D.
Dai-Ichi Kangyo Bank Professor of Management
CoDirector, International Center for Research on
the Management of Technology

John Eastin Van Maanen, Ph.D.
Erwin H. Schell Professor of Organizational
Studies

Eric Arthur von Hippel, Ph.D.
Professor of Management

Roy Elmer Welsch, Ph.D.
Professor of Statistics and Management Science
Director, Center for Computational Research
and Economics and Management Science

Birger Wernerfelt, D.B.A.
Professor of Marketing

Associate Professors

Deborah Gladstein Ancona, Ph.D.
Associate Professor of Organizational Studies

Paul Asquith, Ph.D.
Associate Professor of Management
Associate Director of the International Financial
Services Research Center

Anantaram Balakrishnan, Ph.D.
Associate Professor of Management

Dimitris Bertsimas, Ph.D.
E. Pennell Brooks '17MG Professorship of
Management

Michael A. Cusumano, Ph.D.
Associate Professor of Management
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Steven D. Eppinger, Sc.D.
Associate Professor of Management Science

Charles Harry Fine, Ph.D.
Associate Professor of Management Science

Robert Michael Freund, Ph.D.
Nanyang Technological University Senior
Professor

Rebecca M. Henderson, Ph.D.
Robert N. Noyce Career Development Chair in
Manufacturing

Chris F. Kemerer, Ph.D.
Douglas Drane Career Development Associate
Professor of Management Science

Richard M. Locke, Ph.D.
Associate Professor of Management and
Political Science

Drazen Prelec, Ph.D.
Associate Professor of Management Science

William J. Qualls, D.B.A.
Associate Professor of Marketing

Michael A. Rappa, Ph.D.
Associate Professor of Management

James B. Rebitzer, Ph.D.
Associate Professor of Management

Nancy Lin Rose, Ph.D.
Associate Professor of Applied Economics
(On leave)

David S. Scharistein, Ph.D.
Associate Professor of Finance

Jeremy C. Stein, Ph.D.
Associate Professor of Management

John David Sterman, Ph.D.
Associate Professor of Management Science

Robert J. Thomas, Ph.D.
Associate Professor of Management

Karl Ulrich, Sc.D.
Associate Professor of Management Science
(On leave)

Lawrence M. Wein, Ph.D.
Associate Professor of Management

Dorothy Eleanor Westney, Ph.D.
Associate Professor in International
Management
(On leave, spring)

JoAnne Yates, Ph.D.
Associate Professor of Management

Assistant Professors

Ron Adiel, M.A.
Assistant Professor of Management

Andrew W. Alford, Ph.D.
Assistant Professor of Management
(On leave)

Ella Louise Bell, Ph.D.
Assistant Professor of Management

S. Lael Brainard, Ph.D.
Assistant Professor of Management

Geoffrey Mark Brooke, Ph.D.
Assistant Professor of Management Science

Erik Brynjolfsson, Ph.D.
Assistant Professor of Management Science

Mauro F Guillen, Ph.D.
Assistant Professor of International Management
and Sociology

John C. Heaton, Ph.D.
Assistant Professor of Management and
Economics
(On leave)

Alfredo Marcos Kofman, Ph.D.
Assistant Professor of Management

France Leclerc, Ph.D.
Assistant Professor of Marketing
(On leave)

Vien Nguyen, Ph.D.
Assistant Professor of Management Science

William Ocasio, Ph.D.
Assistant Professor of Strategy and
Organizational Studies

Wanda Janina Orlikowski, Ph.D.
Assistant Professor of Management

Stephan Schrader, Ph.D.
Assistant Professor of Management

Maureen A. Scully, Ph.D.
Assistant Professor of Management

Marcie Jadine Tyre, Ph.D.
Assistant Professor of Management

Jean-Luc Vila, Ph.D.
Assistant Professor of Finance

Jiang Wang, Ph.D.
Nanyang Technological University Career
Development Assistant Professor

Y Richard Wang, Ph.D.
Assistant Professor of Management Science

Alwyn Young, Ph.D.
Assistant Professor of Management
(On leave)

Bin Zhou, Ph.D.
Assistant Professor of Statistics in Management
Science

J. Nicholas Ziegler, Ph.D.
Assistant Professor of Management
(On leave)

Visiting Professors

Roger Huang, Ph.D.
Professor of Management

John Stopford, D.B.A.
Professor of Management

Janice A. Klein, Ph.D.
Associate Professor of Management Science

Robin Ann Prager, Ph.D.
Associate Professor of Management

Akshay Rao, D.Phil.
Associate Professor of Management

Sara Beckman, D.Phil.
Assistant Professor of Management

Don 0. May, Ph.D.
Assistant Professor of Management

Georgia Perakis, Ph.D.
Assistant Professor of Management

Paul J. Resnick, Ph.D.
Assistant Professor

Lakshmi Shyam Sunder, Ph.D.
Assistant Professor of Management

Adjunct Professors

John Joseph Donovan, Ph.D.
Adjunct Professor of Management
(On leave)

James S. Hekimian, D.B.A.
Adjunct Professor of Management

Julian Keilson, Ph.D.
Emeritus

Mary P Rowe, Ph.D.
Adjunct Professor of Management

Shoji Shiba, Ph.D.

Senior Lecturers

Donald W. Davis, M.B.A.

A. Denny Ellerman, Ph.D.
Executive Director for the Center for Energy and
Environmental Policy Research

Donald F Ephlin
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Stan N. Finkelstein, M.D.
Executive Director, Program on the
Pharmaceutical Industry

Jay W. Forrester, D.Eng.

Richard Alexander MacKinnon, M.B.A.

Jeffrey Alan Meldman, Ph.D., J.D.
Associate Dean for Student Affairs
Director, Undergraduate Programs

Franco Modigliani, D.Jur., D.Soc.Sci., LL.D.

John Fralick Rockart, Ph.D.
Director, Center for Information Systems
Research

Donald Barry Rosenfield, Ph.D.
Fellows Program Director of the Leaders for
Manufacturing Program

Edgar Henry Schein, Ph.D.

Maurice Segall, M.A.

Peter M. Senge, Ph.D.
Principal Research Associate and Director,
Organizational Learning Center

Abraham J. Siegel, Ph.D.

Lecturers

John L. Akula, Ph.D.
(Visiting)
David R. Breakstone, M.A.
Lori Breslow, Ph.D.
Alan F. White, S.M.

Administration

Jeffrey Allen Barks, Ph.D.
Associate Dean for Bachelor's and Master's
Programs

Harriet Louise Barnett, M.Ed.
Master's Program Advisor

Emily Barrett, M.S.
Assistant Director, Career Development Office

Ellen Lynn Baum, M.S.
Financial Analyst

Donna Maria Behmer, M.Ed.
Associate Dean for Finance and Administration

Judith L. Boudreau, M.B.A.
Program Manager for Special Executive
Programs

Linda Carter, M.M.
Director of Master's Alumni/ae Relations

Sharon Ann Cayley, B.A.
Coordinator, Ph.D. Program

Eleanor Chin, B.A.
Program Manager for International Programs,
Visiting Fellows Program and
Assistant Director of Executive Education

Sarah W. Cliffe, B.A.
Managing Editor, Sloan Management Review

Lori A. Correale, B.S.
Assistant Director of Development/Director of
Annual Fund for the Sloan School

Paula Budlong Cronin, S.M.
Publisher, Sloan School

Frances O'Neil Cummings, A.S.
Assistant to the Publisher, Sloan School

Hillary DeBaun, B.A.
Assistant Director of the Undergraduate
Program

Anne Detweiler, A.B.
Circulation Manager

Josephine Marie DiCicco
Faculty and Staff Records Manager

Anne L. Drazen, M.S.
Director of Information Systems

Ray Edwin Faith, Ph.D.
Manager, Sloan Computer Facility

Rod Garcia, B.S.
Associate Director of Master's Admissions

Jane H. Gebhart, B.A.
Associate Editor, Sloan Management Review

Virginia Gifford-Reckley
Computer Project Coordinator

Peter P Gil, Ph.D.
Director of Executive Education External
Relations

Charles R. Grader, Ph.D.
Program Director, Senior Executives
Associate Director for Executive Education

Marilyn M. Han, M.B.A.
Director of Master's Admissions

Lucinda Margaret Hill, M.B.A.
Associate Director, Master's Program

Lisa Kaminski, B.Sc.
Financial Analyst

Kim LePage, M.B.A.
Area Administrator

Grace Charlotte Locke
Administrative Assistant

Susan C. Lowance, M.B.A.
Program Director, Sloan Fellows Program

Colin Maclaurin, B.A.
Assistant Director of Development for MIT Sloan
School of Management

Heather Madnick, B.A.
Program Coordinator for Special Executive
Programs

John F. Maglio, S.M.
Microcomputer Network Administrator

Jennifer Mapes
Coordinator, Management of Technology
Program

Mary E. Marshall, B.A.
Area Administrator

Judith E. Mason, B.A.
Coordinator, Senior Executive Programs

Nathaniel H. Mayes, Jr., M.S.
Director of Development, Sloan School of
Management

Scott McGuire, B.A.
Analyst Programmer 11

Ellen F. Nangle, A.S.
Administrative Assistant
Executive Education Programs

Junco N. Norton, M.B.A.
Senior Financial Analyst

Ellen F Quaadgras, B.A.
Systems Analyst

Margaret A. Scoppa
Area Administrator

Robert M. Shaw, B.S.
Systems Analyst

Linda Stantial, M.Ed.
Director, Career Development Office

Anora Sutherland, M.A.L.D.
Accounting Analyst

David A. Weber, S.M., M.Ed.
Director of the Master's Program

Rochelle Weichman, M.B.A.
Director, MIT Management of Technology
Program

Alan Frederick White, S.M.
Senior Associate Dean for Executive Education
Programs
Lecturer
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Undergraduate Study

Research Staff

David A. Belsley, Ph.D.
Principal Research Associate

Robert I. Benjamin, B.S.
Research Associate

Jeffrey Clanon, M.S.
Executive Director, Organizational Learning
Center

Linda A. Cyran, B.S.
Sponsored Research Administrative Staff

Janet M. Gould-Kreutzer, M.Ed.
Research Associate

Alan K. Graham, Ph.D.
Research Associate

Amar Gupta, Ph.D.
Senior Research Scientist

Robert R. Halperin, M.S.
Executive Director, Center for Coordination
Science

J. Debra Hofman, M.B.A.
Research Associate

William Isaacs, D.Phil.
Research Associate

Ralph Katz, Ph.D.
Research Associate

Peter J. Kempthorne, Ph.D.
Principal Research Scientist

Nan Lux, B.A.
Sponsored Research Administrative Staff

Patricia M. McGinnes, M.S.
Sponsored Research Administrative Staff
Executive Director, International Financial
Services Research Center

Edwin C. Nevis, Ph.D.
Director of Special Studies, Organizational
Learning Center

Jane Punchard
Administrative Officer
Center for Coordination Science and
Organizational Learning Center

Judith A. Quillard, S.M.
Research Associate and Associate Director of
the Center for Information Systems Research

George Roth, Ph.D.
Research Associate

Alexander M. Samarov, Ph.D.
Principal Research Associate

Roger A. Samuel, C.E.
Executive Director of the International Center for
the Management of Technology

Florence H. Sender, B.A.
Executive Director, Entrepreneurship Center

Michael D. Siegel, Ph.D.
Research Associate

Patricia White, B.S.B.A.
Sponsored Research Administrative Staff

Professors Emeriti

Sidney Stuart Alexander, Ph.D.
Professor of Economics and Management,
Emeritus

William Filbert Bottiglia, Ph.D.
Professor of Management and Humanities,
Emeritus

Edward Lindley Bowles, D.Sc.
Professor of Industrial Management, Emeritus

Edward Harry Bowman, Ph.D.
Professor of Management, Emeritus

David Durand, Ph.D.
Professor of Management, Emeritus

Jay W. Forrester, D.Eng.
Germeshausen Professor of Management,
Emeritus
Senior Lecturer

Howard Wesley Johnson, LL.D.
Special Faculty Professor of Management,
Emeritus

Franco Modigliani, D.Jur., D.Soc.Sci., LL.D.
Institute Professor, Emeritus
Professor of Economics and Finance, Emeritus
Senior Lecturer

Leo Benjamin Moore, M.S.
Professor of Management, Emeritus

Charles Andrew Myers, Ph.D.
Professor of Industrial Relations
Sloan Fellows Professor of Management,
Emeritus

Richard Dunlop Robinson, Ph.D.
Professor of Management, Emeritus

Edgar H. Schein, Ph.D.
Professor of Management, Emeritus

Eli Shapiro, Ph.D.
Alfred P Sloan Professor of Management,
Emeritus

Abraham J. Siegel, Ph.D.
Howard W. Johnson Professor of Management,
Emeritus
Dean Emeritus
Senior Lecturer

Bachelor of Science in Management Science
Course XV

The Sloan School of Management offers an
undergraduate degree program based in the
field of management science. It is particularly
well-suited to students who wish to understand
problems of management within the context of
fundamental disciplines and, where appropriate,
with quantitative rigor and precision. The pro-
gram provides a strong preparation for graduate
study in management, while at the same time
securing an advantageous market position for
students seeking employment directly upon
graduation.

In recent years, the field of management sci-
ence has grown rapidly in conjunction with
advances in computer technology, in methods
for collecting and structuring large quantities of
data, in mathematical programming, and in the
building of sophisticated mathematical models.
These advances apply increasingly to the
solution of difficult problems in business, gov-
ernment, and other public and private organiza-
tions. The Sloan School's undergraduate pro-
gram develops necessary competence in the
underlying disciplines of mathematical program-
ming and modeling, statistics, and computer
technology. The program also provides a strong
background in the associated disciplines of
managerial psychology and economics, and
demonstrates applications from a variety of
functional areas of management. Beyond this,
each student selects an option (of four subjects)
in one specialized area such as information
technologies, operations research, marketing
research, behavioral science, or finance.

A number of unrestricted electives are included
in the curriculum and these can be devoted to a
variety of career or personal objectives. Stu-
dents who take subjects in additional functional
areas of management can usually complete the
requirements for the Master of Science in Man-
agement in one year after completing the Bach-
elor of Science degree in Management Science.
Substantial exposure to an area of physical
science or engineering, in addition to an educa-
tion in management, can be achieved by a
technically oriented elective program. Students
who wish a broader general education are
enccuraged to take additional subjects in the
humanities, arts, and social sciences, and to
consider adding a HASS minor. Appropriate
selection of electives should permit a student to
meet admission requirements of medical, law, or
other graduate schools.

inquiries

For additional information on the undergraduate
curriculum and referral to appropriate faculty
counselors, students may consult the Under-
graduate Program Office, Room E56-290, MIT
Sloan School of Management, Cambridge, MA
02139-4307, (617) 253-8614.
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Graduate Study

Bachelor of Science In Management Science
Course XV

CLASS OF 1997 or later See Notes on Course XV below

General Institute Requirements (GiRs) Subjects

Science Requirement

Humanities. Arts, and Social Sciences Requirement
[two subjects can be satisfied by 14.01 and 14.02 In the
Departmental Program]

Restricted Electives In Science and Technology (REST)
Requirement** two subjects can be satisfied from among
6041, 15 053, and 18.06 In the Departmental
Program]

Laboratory Requirement (can be satisfied by
15.301 In the Departmental Program]

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names listed below are followed by credit units, and
by prerequisites if any (corequisites in italics)

Required Subjects

Departmental Program units that also satisfy the GIRs (60)

Unrestricted Electives 63-81

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count
toward one or the other, but not both.

8

Notes on Course XV

CLASS OF 1997 or later: The Science Requirement Increases to
3 six subjects with the addition of Biology as a GIR, and the REST

Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

115.351 and 15.664 cannot both be used to satisfy the re-
stricted elective.

*Afternate prerequisites are listed In the subject description

**The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements

93

6.041 Probabilistic Systems Analysis, 12. REST, 18 02

14.01 Principles of Microeconomics, 12. HASS

14.02 Principles of Macroeconomics, 12, HASS

15.053 introduction to Management Science. 12: REST
1806

15 075 Applied Statistics. 12: 6.041*

15301 Managerial Psychology Laboratory, 12, LAB

15.501 Introductory Financial Accounting, 9

18.06 Linear Algebra. 12. REST 18 02*

Restricted Electives 66 to 84

One of the following three subjects:

1 00 Introduction to Computers and Engineering
Problem Solving. 12. REST 18.01

6 001 Structure and Interpretation of Computer
Programs, 15, REST

15 564 Information Technology 1, 12. 1 00*

Two of the following five subjects:1

15.351 Introduction to Technological innovation
Management, 9

15412 Financial Management 11 12. 15 501

15664 Management of Human Resources. 9

15. 761 Operations Management. 9

15812 Marketing Management. 9

Option Subjects:

Four specified subjects in one of the following options
Information Technologies. Operations Research.
Marketing Research. Behavioral Science. Finance

The Sloan School of Management offers oppor-
tunity for graduate work leading to the degrees
of Master of Science in Management and Doc-
tor of Philosophy.

Entrance Requirements for Graduate Study

Applications are welcome from college gradu-
ates in all areas of concentration - the humani-
ties, social sciences, physical sciences, and
engineering -but matriculants must have com-
pleted formal subjects in differential and integral
calculus and in macro- and microeconomics.
The minimum level of preparation is normally a
one-year subject in economic theory and a
one-year subject in calculus. If these subjects
have not been taken in a previous academic
program, they may be covered by formal sub-
jects prior to enrollment.

All applicants, including those from foreign
countries, must take the Graduate Management
Admission Test (GMAT). Information is available
from the Graduate Management Admission
Council, Educational Testing Service, Princeton,
New Jersey 08541. The January test is the latest
one appropriate for admission the following
September. GRE scores are not required and
may not be substituted. Applicants whose native
language is not English, and who have not
received a degree from an English-language
university, must take the Test of English as a
Foreign Lnguage (TOEFL).

Master of Science in Management

Degree candidates are admitted in September
to a program of study extending over two
academic years.

The two-year Sloan Master's Program offers
students a comprehensive education in man-
agement, as well as the opportunity to develop
competence in a particular area of interest that
may lead to positions of either general executive
responsibility or technical leadership. Degree
candidates are admitted in September to a
program of study extending over two academic
years. Residency for four academic terms is
expected. In the 1993-94 academic year, the
Sloan School will implement a new curriculum
of required subjects and options for manage-
ment study.

The curriculum is designed for maximum flexi-
bility, allowing students to create an individual
program best suited to their needs and career
interests. During the first term, students take
disciplinary studies and a sequence of subjects
that introduce three perspectives on manage-
ment. These subjects show students the power
of behavioral, mathematical, and economic
understanding and tools in the analysis and
solution of business problems. The perspectives
subjects share a common problem-driven
pedagogy. Students should see these subjects
as ways of structuring complex problems and
as aids to decision making.

1
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After the first term, students can complete the
program core requirements in one of two ways.
They can either choose a general management
track consisting of four additional applied sub-
jects from a list of six options, or they can join a
specific management track providing in-depth
preparation for a chosen management career.
Students choosing a specific management track
continue in that track during their second year,
while students in the general management track
have the opportunity to complete concentra-
tions in a variety of fields. In either case, in-
cluded in the work of the second term is a
student-run proseminar. Just as strong
managers are active and involved, Sloan stu-
dents play an active role in the learning process.
Second-year students are responsible for the
design and implementation of the proseminars.

The development of interdisciplinary manage-
ment tracks, intended to prepare students for
well-defined career paths, is now underway
among Sloan faculty. Management tracks differ
from traditional majors or areas of concentration
by their depth and breadth and by their explicit
relationship to career opportunities. Tracks
provide students with cutting-edge competency
in a management specialty that is related to a
career path of interest to both students and the
management community. Tracks are based on
faculty coalitions, with participation from both
disciplinary and functional areas, with a number
of new tracks expected to be implemented over
the next several years.

In addition to the first-term required subjects
and the spring proseminar, a management track
includes approximately 10 additional subjects.
Students choose these subjects from clusters of
related offerings covering a variety of functional
areas. For those students choosing the general
management track, concentrations allow stu-
dents the more traditional alternative of focusing
on a smaller number of applied studies in a
specific area. The Sloan School offers an un-
usually wide range of fields, the principal ones
being Applied Economics, Finance, Human
Resource Management, Industrial Relations,
Information Technologies, Marketing, Operations
Management, Operations Research and Statis-
tics, Organization Studies, Strategy and Interna-
tional Management, System Dynamics and
Technology Innovation. The curriculum allows
students to construct a specialized program that
permits them to study two or more of these
fields in some depth. The thesis offers students,
under the supervision of their faculty advisors,
the opportunity to explore in-depth a single
topic of particular interest. Each thesis normally
represents the original contribution of a single
student, although in the case of collaborative
research joint theses are also encouraged.

Practical exposure to management takes place
in the Sloan School through a variety of activi-
ties. Students in the master's program are
expected to spend the intervening summer
working in some activity that contributes to their
understanding of and effectiveness in dealing
with management problems. During the aca-
demic year, some master's candidates work as
paid research assistants for members of the

faculty, or become involved with them in the
consulting activities that they carry on for gov-
ernment, firms, and other public and private
organizations. In addition, many students
choose topics for their master's theses or
track-based project work that involve research
in the practice of management in particular
organizations, industries, or sectors. Corporate
leaders are often invited to work with students,
either through guest lectureships in various
classes, through the Sloan Distinguished Speak-
ers Series, or through interaction with one of the
many Sloan student organizations such as the
Finance Club, the Marketing Club or the New
Ventures Association.

Leaders for Manufacturing Fellows Program:
Simultaneous Master's Degrees In
Management and Engineering

The Leaders for Manufacturing Fellows Program
is designed for students who intend to combine
graduate education in management and engi-
neering and pursue careers in manufacturing
companies. This rigorous 24-month program
combines subjects in advanced technology with
management subjects, and involves a six-and-
a-half month period of on-site research work
and close cooperation with manufacturing
companies. The program is offered jointly
through the Sloan School of Management and
the Departments of Aeronautics and Astronau-
tics, Chemical Engineering, Electrical Engineer-
ing and Computer Science, Materials Science
and Engineering, and Mechanical Engineering
in the School of Engineering. General require-
ments and application procedures are de-
scribed in Chapter VI.

Doctor of Philosophy

The purpose of the Sloan School's doctoral
program is to prepare students for careers in
teaching and research or, to a lesser extent, for
nonacademic positions requiring advanced
research and analytical capabilities. The doctoral
program provides the opportunity to combine
in-depth work in theory with work in broadly
defined "applied" or "functional" fields.

A candidate entering with a bachelor's degree
should be able to complete the program in four
or five years. The first year is devoted to work in
the basic disciplines of management and to
preliminary work in the student's major and
minor fields. The second year is primarily
devoted to the major and minor fields. Finally,
two or three years are required for the doctoral
dissertation.
Major and Minor Fields. Candidates must
master the literature, theory, and application of a
major field of concentration as well as a minor
field. Successful completion of this requirement
is determined by General Examinations. The
major fields currently available in the Sloan
School are the following (although individually
constructed majors are possible):
Accounting and Control
Financial Economics

Industrial Relations
Information Technologies
Management of Technological Innovation
Marketing
Operations Management/System Dynamics
Operations Research and Statistics
Organization Studies
Strategy and International Management

Doctoral students enter the program with a clear
idea in mind of a major field of concentration.
An appropriate minor field is then selected
-typically a theoretical discipline that provides
a foundation for research in the major field. The
following are examples of some of the more
common combinations:

Major Field

Financial Economics
Industrial
Relations
Marketing
Operations Management/
System Dynamics
Organization
Studies

Minor Field

Economics
Behavioral
Science
Statistics
Operations
Research
Behavioral
Science

The subject requirements for the major and
minor fields are not rigid. There are normal
groups of subjects for the standard fields, but
substitutions of other subjects and independent
study are possible. Regardless of the major and
minor fields chosen, a plan of study designed to
prepare the student for General Examinations is
worked out by the student and his or her faculty
advisor(s).

General Examinations normally are taken in the
fall semester of the third year of study, after
completion of major and minor field coursework
and a research paper (see below). The exact
form of general exams varies and may involve
written examinations, critiques of research
papers, or review papers on prescribed topics.
In all cases, the last stage is an oral examination.

Research. The Sloan School is committed to
research, and the philosophy and structure of
the Ph.D. program reflect this professional
commitment. There are two separate research
requirements: the second-year research paper
and the thesis.
A substantial part of the student's work in the
latter half of the first year and in the second year
is devoted to an independent research project.
The topic, design, and execution of the project
are left to the student, while advice and criticism
are provided by a research advisor and other
interested faculty. Upon completion of the
project, the student prepares a document that is
referred to as the "second-year paper."

The doctoral dissertation consists of significant
scholarly research in some area of manage-
ment. Close working relationships with senior
faculty are established early so that the thesis
can be defined as a manageable project as
early as possible. Candidates typically require
two or three years of full-time work to complete
their theses.
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Programs for Executive
Education in Management

Language Requirement

There is no language requirement in the Sloan
School's doctoral program, although in some
cases the student and his or her advisor decide
that further study of a foreign language is nec-
essary if the student is to work effectively in his
or her major field. This is usually true, for exam-
ple, in the field of Strategy and International
Management.

Teaching and Research Assistantships

All doctoral students in the Sloan School are
eligible to apply for the approximately 100
part-time research and teaching assistantships
available each year.

Inquiries

For master's brochures and applications, call
(617) 253-0449: for master's information,
253-3730; and for doctoral information,
253-7188. Additional information concerning
graduate programs, admissions, and financial
aid may be obtained from the Master's Program
Office, Room E52-112, or the Doctoral Program
Office, Room E52-003, Sloan School of Man-
agement, MIT 77 Massachusetts Avenue, Cam-
bridge, MA 02139-4307.

Alfred R Sloan Fellows Program

Each year, the Alfred P Sloan Fellows Program
admits approximately 50 mid-career executives
who have demonstrated potential for filling
positions of more general and senior manage-
ment responsibility in the future. These men and
women are sponsored by private and public
organizations. Approximately one-half of the
participants selected are from outside the United
States. The 12-month program, providing
regular classroom work plus close contact with
business and government leaders here and
abroad, is taken in conjunction with the regular
graduate program and leads to the degree of
Master of Science in Management.

MIT Program for Senior Executives

The Program for Senior Executives is an inten-
sive eight-week course of study designed for
the senior-level executive already in or prepar-
ing for a position of major managerial responsi-
bility. Managing effectively in an increasingly
global economy receives a great deal of atten-
tion. The participants in the most recent session
came from 21 different countries. Enrollment in
this nondegree program, offered in the fall and
spring of each year, is limited to groups of 50.
The program includes a one-week trip to Wash-
ington, D.C., and a one-week trip to a European
city to meet with policy makers in the federal
government and officials from international
organizations.

Management of Technology Program

Initiated in 1981, this was the first advanced
degree program in the world to focus on the
management of technology. Intended for mid-
career engineers and scientists, the program
provides training for approximately 50 men and
women who will strategically manage techno-
logical advances for their organizations. Partici-
pants are selected from manufacturing, service
and governmental organizations worldwide.
Offered jointly by the Sloan School of Manage-
ment and the School of Engineering, this
12-month, executive education program in-
cludes an original master's thesis and leads to
the special MIT degree Master of Science in the
Management of Technology.

Inquiries

Detailed information about these programs may
be obtained from the Executive Education
Programs Office, Room E52-126, Sloan School
of management, MIT, 77 Massachusetts Avenue,
Cambridge, MA 02139-4307, telephone (617)
253-7166, fax (617) 258-6002.
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School of Science

Biology (Course 7)
Chemistry (Course 5)
Earth, Atmospheric, and

Planetary Sciences (Course 12)
Mathematics (Course 18)
Physics (Course 8)

3

I7,
Our continually increasing understanding of the
physical and biological worlds opens up new
possibilities of applications for the benefit of
humanity, and helps us to appreciate better the
world in which we live. Today we are increasing-
ly dependent on science for the knowledge that
allows us to solve practical problems and to find
better ways of providing for the world's needs.
Further, at its most fundamental level, science
possesses an elegance and beauty which
ennobles the human spirit.

Education in science provides a firm basis for
many types of careers. Scientific training is not
only needed for teaching and research in sci-
ence but also provides an opportunity to enter
rany other professions. Students with bache-

lor's degrees in science often go on to medical
school, law school, business school, and other
professional schools, including engineering.

Science has, of course, contributed in the most
fundamental way to the advancement of tech-
nology, and technology has contributed impor-
tantly to the advancement of science. At MIT
the relationships between science and technolo-
gy are especially close and symbiotic.

The sciences and mathematics form an intellec-
tual continuum, but for administrative purposes
they are divided into five departments at MIT
There are many interrelations between the
programs of these departments. The interde-
partmental laboratories help to form a bridge
between fields and to provide contact with
applications.

At MIT, the biological sciences are represented
by a wide range of disciplines including cell
biology, microbiology, biochemistry,
neurobiology, developmental biology,

immunology, molecular biology, cancer biology,
metabolism and human nutrition, toxicology,
and biotechnology. The biological sciences
have undergone tremendous changes since the
discovery of the structure of deoxyribonucleic
acid (DNA). The Center for Cancer Research is
closely associated with the Department of
Biology. The Whitehead Institute for Biomedical
Research is affiliated with MIT and its faculty
members hold appointments in the Department
of Biology. The Whitaker College of Health
Sciences and Technology has joint programs
with the School of Science.

The physical sciences deal with the widest
range of physical phenomena-from the short-
est distances between particles inside the
nucleus to the greatest distances over which we
learn of the structure and substance of the
universe from astronomy and astrophysics.

AM
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In physics at MIT, the four main areas are
astrophysics; experimental nuclear and particle
physics; solid state, laser, plasma, and atomic
physics; and nuclear and particle theory. A great
deal of physics research is carried out in the
various interdepartmental laboratories listed
here.

In the Department of Chemistry, research and
education are carried out in organic, inorganic,
physical, analytical, biological and biophysical
chemistry, and in chemical physics. These
sciences are heavily involved in industry, and
many graduates find their careers in applica-
tions as well as in research.

The earth sciences include geology, geochem-
istry, geophysics and planetary science, and
meteorology and physical oceanography. The
increased understanding of plate tectonics has
revolutionized our views of the past and current
changes in the structure of the earth. The
increased use of computers in atmospheric and
oceanographic models has revolutionized our
understanding of circulation. The Wallace Astro-
physical Observatory and the Wallace Geophys-
ical Observatory provide opportunities for
education and research, as do various interde-
partmental laboratories. The joint doctoral
program with the Woods Hole Oceanographic
Institution provides opportunities to be involved
in oceanographic research.

Mathematics provides a base and language for
all types of research and is an area of active
research itself in both the discovery of new
mathematics and in applying mathematics in
new ways to important applied problems. Pure
mathematics is of interest in its own right, and it
always has led in unexpected ways to a better
understanding of the world. The core of the
program in applied mathematics is concerned
with the mathematical formulations of propaga-
tion, stability, optimization, cybernetics, statis-
tics, and random processes.

The science departments and the related inter-
departmental laboratories offer many opportuni-
ties for undergraduate research through the
Undergraduate Research Opportunities Pro-
gram. Through this program, students obtain
firsthand research experience in fields that
interest them, and learn in a different environ-
ment from the classroom or instructional labora-
tory. The Undergraduate Seminar Program
provides study and associations with faculty
members in smaller and less formal groups.

The School of Science also is involved in
providing parts of the general education of
undergraduate students through subjects to
fulfill the Science Requirement, Restricted
Electives in Science and Technology (REST)
Requirement, and Laboratory Requirement.

Interdisciplinary laboratories and centers asso-
ciated with the School include the following:

Bitter National Magnet Laboratory

Center for Cancer Research

Center for Materials Science and Engineering

Center for Space Research

Clinical Research Center
Energy Laboratory

Spectroscopy Laboratory

Haystack Radio Observatory

Laboratory for Computer Science

Laboratory for Nuclear Science

Lincoln Laboratory

Plasma Fusion Center
Research Laboratory of Electronics

Refer to Chapter VI for detailed descriptions of
these laboratories, as well as the Whitaker
College of Health Sciences and Technology.

Office of the Dean
Robert J. Birgeneau, Ph.D.
Dean

Sarah Carothers, BA.
Director of Development

Evelyn L. P6rez, B.A.
Assistant Dean for Personnel Administration

Donna Maria Ticchi, M.A.
Assistant Dean for Financial Administration

School Professors Without Departmental
Affiliation

Nevin Stewart Scrimshaw, Ph.D., M.D., M.PH.
Institute Professor Emeritus

Vernon R. Young, Ph.D., D.Sc.
Professor of Nutritional Biochemistry
Clinical Research Center
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Department of Biology
(Course 7)

Faculty and Staff

Phillip Allen Sharp, Ph.D.
Salvador E. Luria Professor of Biology
Head of the Department

Robert Thomas Sauer, Ph.D.
Whitehead Professor of Biochemistry
Associate Department Head

Professors

David Baltimore, Ph.D.
Professor of Biology
(On leave)

Gene M. Brown, Ph.D.
Whitehead Professor of Biochemistry

Arnold Lester Demain, Ph.D.
Professor of Industrial Microbiology

Gerald R. Fink, Ph.D.
Professor of Genetics
Director, Whitehead Institute for Biomedical
Research

Maurice Sanford Fox, Ph.D.
Lester Wolfe Professor of Molecular Biology

Malcolm Lawrence Gefter, Ph.D.
Professor of Biochemistry

Leonard Pershing Guarente, Ph.D.
Professor of Biology

Nancy Haven Hopkins, Ph.D.
Professor of Biology

H. Robert Horvitz, Ph.D.
Professor of Biology
Howard Hughes Medical Institute Investigator

David Evan Housman, Ph.D.
Professor of Biology

Richard Olding Hynes, Ph.D.
Professor of Biology
Howard Hughes Medical Institute Investigator
Director, Center for Cancer Research

Vernon Martin Ingram, Ph.D., D.Sc.
John and Dorothy Wilson Professor of
Biochemistry
Director, Experimental Study Group

Rudolf Jaenisch, M.D.
Professor of Biology

Jonathan Alan King, Ph.D.
Professor of Biology

Monty Krieger, Ph.D.
Professor of Molecular Genetics

Eric S. Lander, D.Phil.
Professor of Biology

Harvey Franklin Lodish, Ph.D.
Professor of Biology

Richard Charles Mulligan, Ph.D.
Professor of Molecular Biology

Carl 0. Pabo, Ph.D.
Professor of Biophysics and Structural Biology
Howard Hughes Medical Institute Investigator

Mary Lou Pardue, Ph.D.
Professor of Biology

Sheldon Penman, Ph.D.
Professor of Cell Biology

Hidde L. Ploegh, Ph.D.
Professor of Biology

Uttam Lal RajBhandary, Ph.D.
Professor of Biochemistry

Alexander Rich, M.D.
William Thompson Sedgwick Professor of
Biophysics

Phillips Wesley Robbins, Ph.D.
American Cancer Society Professor of
Biochemistry

Robert Daniel Rosenberg, M.D., Ph.D.
Professor of Medicine and Biology

Paul Reinhard Schimmel, Ph.D.
John D. MacArthur Professor of Biochemistry
and Biophysics

Ethan Royal Signer, Ph.D.
Professor of Biology

Anthony John Sinskey, Sc.D.
Professor of Applied Microbiology

Frank Solomon, Ph.D.
Professor of Biology

Lisa Amelia Steiner, M.D.
Professor of Immunology

JoAnne Stubbe, Ph.D.
John C. Sheehan Professor of Chemistry
Professor of Biology

Susumu Tonegawa, Ph.D.
Professor of Biology
Howard Hughes Medical Institute
Investigator

Graham Charles Walker, Ph.D.
Professor of Biology

Robert Allen Weinberg, Ph.D.
American Cancer Society Professor of Biology

Associate Professors

Alan Davis Grossman, Ph.D.
Whitehead Associate Professor of Biology

Peter S. Kim, Ph.D.
Associate Professor of Biology
Howard Hughes Medical Institute Investigator

Arthur Douglas Lander, Ph.D.
Edward J. Poitras Associate Professor in Human
Biology and Experimental Medicine

Ruth Lehmann, Ph.D.
Associate Professor of Biology
Assistant Howard Hughes Medical Institute
Investigator

Paul Thomas Matsudaira, Ph.D.
Associate Professor of Biology

Terry L. Orr-Weaver, Ph.D.
Associate Professor of Biology

David Conrad Page, M.D.
Associate Professor of Biology
Assistant Howard Hughes Medical Institute
Investigator

William G. Quinn, Ph.D.
Associate Professor of Neurobiology

Hermann Steller, Ph.D.
Associate Professor of Neurobiology
Assistant Howard Hughes Medical Institute
Investigator

Richard Allen Young, Ph.D.
Associate Professor of Biology

Assistant Professors

Tania A. Baker, Ph.D.
Robert A. Swanson Career Development
Assistant Professor of Biology

Tyler Edwards Jacks, Ph.D
Linda and Howard Stern Career Development
Assistant Professor of Biology

Chris Kaiser, Ph.D.
Assistant Professor of Biology

Kim A. Lewis. Ph.D.
Assistant Professor of Biology

Jun Liu, Ph.D.
Assistant Professor of Biology

Hazel Louise Sive, Ph.D.
Assistant Professor of Biology

Peter K. Sorger, Ph.D.
Assistant Professor of Biology

Administrative Officer

Marilyn T Smith, B.A.

Financial Officer

Joanne M. Barrett, B.S.
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Overview

Personnel Administrator

Constance Turnburke, B.A.

Graduate Administrator

Hannah Roberts, M.A.

Operations Administrator

John Fucillo

Biopolymer Laboratory

Richard Cook, B.S., M.B.A.
Facility Director

Electron Microscope Facility

Patricia Reilly, A.A.S., B.A.
Technical Instructor

Senior Lecturers

Herman Nathaniel Eisen, M.D.
Har Gobind Khorana, Ph.D.
Leonard S. Lerman, Ph.D.
Boris Magasanik, Ph.D.
Annamaria Torriani, Ph.D.

Biology Core Instructor

Brian T White, Ph.D.

Technical Instructors

Janice Chang, Ph.D.
Deborah Fonda, M.S.
Li-Wen Wang, Ph.D.

Principal Research Scientists

Steven J. Burden, Ph.D.
Nicholas C. Dracopoli, Ph.D.

Research Scientists

Daniel P Bancroft, Ph.D.
David Beeler, M.S.
Howard Benjamin, Ph.D.
Harold J. Drabkin, Ph.D.
Alan Herbert, Ph.D.
Chulhee Kang, Ph.D.
Chan Ping Lee, Ph.D.
Ky Lowenhaupt, Ph.D.
Anna Mitraki, Ph.D.
Jeffrey Nickerson, Ph.D.
Oliver Peoples, Ph.D.
Helen Rayburn, Ph.D.
Jian-Ping Shi, Ph.D.
Katherine Wan, Ph.D.
Shuguang Zhang, Ph.D.

Professors Emeriti

Eugene Bell, Ph.D.
Professor of Biology, Emeritus

John Machlin Buchanan, Ph.D., D.Sc.
Professor of Biochemistry, Emeritus

Herman Nathaniel Eisen, M.D.
Professor of Immunology, Emeritus
Senior Lecturer

Har Gobind Khorana, Ph.D.
Alfred P Sloan Professor of Biology and
Chemistry, Emeritus
Senior Lecturer

Jerome Ysrael Lettvin, M.D.
Professor of Electrical and Bioengineering and
Communications Physiology, Emeritus

Irving M. London, M.D.
Grover M. Hermann Professor of Health
Sciences and Technology
Professor of Biology and Medicine, Emeritus

Boris Magasanik, Ph.D.
Jacques Monod Professor of Microbiology,
Emeritus
Senior Lecturer

Francis Otto Schmitt, Ph.D., Sc.D.
Institute Professor, Emeritus
Professor of Biology, Emeritus

Irwin Whiting Sizer, Ph.D.
Professor of Biochemistry, Emeritus

Annamaria Torriani, Ph.D.
Professor of Biology, Emerita
Senior Lecturer

The Department of Biology offers undergradu-
ate, graduate, and postdoctoral training in basic
biology, and in a variety of biological fields of
specialization. The quantitative aspects of
biology, including molecular biology, biochemis-
try, genetics, and cell biology, represent the
core of the program. Students in the depart-
ment are encouraged to acquire a solid
background in the physical sciences not only to
master the applications of mathematics,
physics, and chemistry to biology, but also to
develop an integrated scientific perspective. The
various programs, which emphasize practical
experimentation, combine a minimum of formal
laboratory exercises with ample opportunities for
research work both in project-oriented
laboratory subjects and in the department's
research laboratories. Students at all levels are
encouraged to acquire familiarity with advanced
research techniques and to participate in
seminar activities.
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Undergraduate Study

Bachelor of Science In Biology
Course VII

Two programs are offered leading to the Bache-
lor of Science in Biology. The curriculum is
designed to prepare students for a professional
career in the area of the biological sciences.
Graduates of this program are well prepared for
positions in industrial or research institutes.
However, experience has shown that many
graduates choose to continue their education at
graduate schools in order to obtain a Ph.D. in
an area such as biochemistry, microbiology,
genetics, biophysics, cell biology, or physiology,
followed by research or teaching in one of these
areas. The undergraduate curriculum is also
excellent preparation for students who wish to
continue their education toward an M.D., partic-
ularly if their career plans include laboratory
investigations bearing on human disease.

Bachelor of Science as Recommended
by the Department of Biology
Course VII-A

Course VII-A is designed for students who wish
to obtain a background in biology as prepara-
tion for careers without laboratory research.
Course VII-A has the same requirements as
Course VII except that it does not require a
24-unit laboratory subject, and thus allows 24
additional units in unrestricted electives over the
Course VII Program so that students can plan
their programs to suit their particular goals.
Further details may be obtained from the
department.

Additional information regarding undergraduate
academic programs, research opportunities,
admissions, and financial aid may be obtained
from Biology Headquarters, Undergraduate
Secretary, Room 56-529, MIT, Cambridge, MA
02139-4307, (617) 253-4718.

Students should use their elective subjects for
more advanced subjects in their field and for
additional study in basic and advanced subjects
offered in various departments.

Bachelor of Science In Biology*
Course VI I
CLASS OF 1997 or later See Notes on Course ViI below.

General Institute Requirements (GIRs) Subjects

Science Requirement [one subject can be satisfied
by 5. 11 In the Departmental Program] 5

Humanities, Arts, and Social Sciences Requirement 8

Restricted Electives in Science and Technology (REST)
Requirement*** (two subjects can be satisfied from among
5.12, 5.60, and 7.03 or 7.05 In the Departmental Program] 3

Laboratory Requirement [can be satisfied by 7.02 in the
Departmental Program]

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)
Required subjects

5.11 Principles of Chemical Science, 12

99

5.12 Organic chemistry 1, 12, REST 5.11

5.60 Thermodynamics and Kinetics, 12, REST 18.02,
5.11

7.012 Introductory Biology.
2 

12
or

7.013 Introductory Biology,
2 

12
or

7.014 Introductory Biology,
2 

12

7.02 Introduction to Experimental Biology
15. LAB: 702*, 7.03, 7.05

7.03 Genetics, 12, REST

7.05 General Biochemistry, 12. REST 5.12, 7.012**

7.06

7.08

Cell Biology, 12: 7.05
or
Molecular Biology, 12: 7.03: 7.012**

Restricted Electives 60
Three 12-unit subjects offered by the Department of Biology
for which 7.03 and/or 7.05 are prerequisites. (7.57J is not
eligible.)

One of the 24-unit project laboratory subjects in the department
curriculum. Those currently offered are:

7.13 Experimental Microbial Genetics,
24: 7.02, 7.03, 7.05

7.15 Experimental Molecular Biology:
Biotechnology 1, 24: 7.02, 7.03, 7.05

7.16 Experimental Molecular Biology:
Biotechnology 11, 24: 7 02, 7.03, 7.05

Departmental Program units that also satiety the GIRs (51)

Unrestricted Electives 72

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs Every
subject in the student's departmental program will count toward
one or the other, but not both.

Notes on Course ViI

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17 In addition, as a result of
making 7.012/7.013/7.014 a General institute Requirement, and
allowing students to choose either 7 06 or 7 08, the number of
unrestricted electives units will Increase to 84.

Either 7.02 or 5.311 satisfies the Institute Laboratory Require-
ment. However, both or their equivalent are required in order to
satisfy medical school entrance requirements.

27.012/7.013/7.014 are Intended to be first biology subjects and
are not to be taken after other biology subjects An additional
restricted elective may be substituted for 7.012/7 013/7014

*For degree requirements applicable to classes entering MIT
prior to September 1990, please see the MIT Bulletin 1989- 90.

**Alternate prerequisites are listed in the subject description.

***The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter iII for further details on
this and other institute requirements

Minor Program

The requirements for a Minor in Biology
are as follows:

5.12 Organic Chemistry 1
7.03 Genetics
7.05 General Biochemistry
Two additional subjects from:
7.02 Introduction to Experimental Biology and
other 12-unit Course VII subjects for which 7.03
and/or 7.05 are prerequisites

For a general description of the Minor Program,
refer to Chapter IlIl.
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Graduate Study

The Department of Biology offers graduate work
leading to the Doctor of Philosophy. Study may
be pursued in the following fields of
specialization.

Biochemistry is the study of enzyme catalysis,
and the chemical properties of proteins, carbo-
hydrates, complex lipids, nucleic acids, and
protein-nucleic acid complexes. Methods of
analysis include gene cloning, the use of genet-
ic variants, synthetic substrates, and transition
state analogs. Specific areas of study include
the chemistry of oncogenes, mechanism of
RNA splicing, analysis of cytoskeletal proteins,
chemistry of blood coagulation, mechanism of
ion pumps and photoreceptors, and the role of
complex carbohydrates in cell surface function
and protein compartmentalization.

Genetics/Microbiology includes genetic analy-
ses of fundamental problems in bacteria, bacte-
riophage, viruses, and yeast. Areas of specific
interest include protein secretion, DNA transpo-
sition. protein turnover, DNA synthesis and
repair, mechanisms of genetic recombination,
and electron transport in mitochondria. More
complex problems under study are cellular
responses to stress, plant-bacterial interactions,
high resolution structure-function studies of
proteins and RNAs, and the control circuits
regulating gene expression. A new area of study
is the application of high resolution molecular
techniques to problems in human genetics.

Cell Biology refers to molecular biological,
genetic, and cell biological analysis of eukaryot-
ic cells. The specific areas of research include
the organization, expression, and regulation of
eukaryotic genomes: structure and function of
membranes and cytoskeletons: molecular basis
of cellular structure, organization, proliferation,
and movement: differentiation and functions of
specialized cell types: and the molecular basis
of various diseases.

Biophysical Chemistry and Molecular
Structure focuses on studies of the principles
that underlie the folding, stability, molecular
design, and assembly of proteins and nucleic
acids. Analysis of molecular structure includes
X-ray crystallography and Nuclear Magnetic
Resonance. Specific areas of concentration
include the study of genetic strategies for
enhancing the stability, ligand affinity, and
catalytic efficiency of proteins and enzymes;
pathways of protein folding: protein-nucleic acid
recognition: and antigen-antibody interactions.
Studies of more complex systems include the
control of viral and cytoskeletal assembly.

Developmental Biology refers to the cellular,
genetic, and molecular mechanisms responsi-
ble for generating the diversity of cell types that
arise during development, and controlling the
ways in which cells interact to produce organ
systems and whole organisms. These problems
are studied using vertebrates (birds, amphibi-
ans, mammals), invertebrates (nematodes, sea
urchins, fruit flies) and plants (Arabidopsis).
Specific topics of interest include the regulation
of gene expression, cell interactions, cell line-
ages, cell migrations, and the mechanism of sex
determination.

Immunology is the study of the genetic, cellular,
and molecular mechanisms underlying the
exquisite sensitivity and specificity of the im-
mune system. The immunology group studies
the chemistry of antigen-antibody and antigen-T
cell receptor interactions, using the tools of
molecular biology as well as classical immuno-
logical approaches. Of particular interest is the
role of idiotypic and cellular interactions in the
regulation of the immune system as studied by
organ culture, hybridoma technology, and the
behavior of transgenic mice.

Neurobiology is an area of recent emphasis in
the department. The subject in general
neurobiology is supplernented by a seminar
series and an interlaboratory journal club. The
emphasis is molecular, primarily using cell-bio-
logical, developmental, and genetic ap-
proaches. Present areas of research interest
include the molecular determinants of neuronal
diversity and shape; of cell-adhesive, cell-induc-
tive, and synaptic interactions: and the genetic
and molecular determinants of cell-lineages,
memory storage, and sensory transduction.

Entrance Requirements for Graduate Study

In the Department of Biology, the Master of
Science is not a prerequisite for a program of
study leading to the doctorate.

The department modifies the General Institute
Requirements for admission to graduate study
as follows: 18.01, 18.02 Calculus: one year of
college physics: 5.12 Organic Chemistry I;
professional subjects including general bio-
chemistry, genetics, and physical chemistry.
However, students may make up some deficien-
cies over the course of their graduate work.

Joint MIT-Woods Hole Oceanographic
Institution Program
Course VII-W

MIT and WHOI administer a joint program in
Biological Oceanography leading to a jointly
awarded Doctor of Philosophy. For details of this
program, see the Joint Program in Oceanogra-
phy and Applied Ocean Science and Engineer-
ing with the Woods Hole Oceanographic Institu-
tion at the end of this chapter.

Financial Support

Students who are accepted into the graduate
program are generally provided with support
from departmental training grants, departmental
funds for teaching assistants, and research
grants. In addition, some students bring NSF
and other competitive fellowships. Through
these sources, full tuition plus a stipend for
living expenses are provided.

Students are encouraged to apply for outside
fellowships for which they are eligible, such as
the National Science Foundation Fellowships.
Information regarding graduate student fellow-
ships is available at most colleges from the
career planning office.

Inquiries

Additional information regarding graduate
academic programs, research activities, admis-
sions, financial aid, and assistantships may be
obtained from Biology Headquarters, Graduate
Administrator, Room 56-524, MIT, Cambridge,
MA 02139-4307, (617) 253-4738.

Doctor of Philosophy

The General Institute Requirements for the
Doctor of Philosophy are listed in Chapter IV,
Graduate Education at MIT In the departmental
program, each graduate student is expected to
acquire a solid background in four fundamental
areas of biology: biochemistry, genetics, cell
biology, and molecular biology. Most students
take subjects in these areas during the first year.
All students are required to take three subjects:
Genetics, Biochemistry for Graduate Students,
and Method and Logic in Molecular Biology.
This last subject is a seminar designed specifi-
cally to introduce graduate students to in-depth
discussion and analysis of topics in molecular
biology.

Students also have a choice of several elective
subjects, which have been designed for the
entering graduate student. In addition to provid-
ing a strong formal background in biology, the
first-year program serves to familiarize the
students with faculty and students in all parts of
the department.
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Department of Chemistry
(Course 5)

Faculty and Staff

Robert James Silbey, Ph.D.
Class of 1942 Professor of Chemistry
Head of the Department

Professors

Glenn Allen Berchtold, Ph.D.
Professor of Chemistry

Klaus Biemann, Ph.D.
Professor of Chemistry

Stephen Leffler Buchwald, Ph.D.
Professor of Chemistry

Sylvia Teresse Ceyer, Ph.D.
W.M. Keck Foundation Professor of Energy
Professor of Chemistry

Rick Lane Danheiser, Ph.D.
Professor of Chemistry

Alan Davison, Ph.D.
Professor of Chemistry

John Mark Deutch, Ph.D., Sc.D.
Institute Professor
Professor of Chemistry

John Martin Essigmann, Ph.D.
Professor of Chemistry and Professor of
Toxicology, Whitaker College

Robert Warren Field, Ph.D.
Professor of Chemistry

Carl Wesley Garland, Ph.D.
Professor of Chemistry

Frederick Davis Greene 11, Ph.D., Sc.D.
Professor of Chemistry

Robert G. Griffin, Ph.D.
Professor of Chemistry
Director, Francis Bitter National Magnet
Laboratory

Daniel Schaeffer Kemp, Ph.D.
Professor of Chemistry

Alexander M. Klibanov, Ph.D.
Professor of Chemistry

Stephen James Uppard, Ph.D.
Arthur Amos Noyes Professor of Chemistry

Satoru Masamune, Ph.D.
Arthur C. Cope Professor of Chemistry

Mario J. Molina, Ph.D.
Professor of Earth, Atmospheric and Planetary
Sciences
Professor of Chemistry

Keith Adam Nelson, Ph.D.
Professor of Chemistry

Irwin Oppenheim, Ph.D.
Professor of Chemistry

William Henry Orme-Johnson, Ph.D.
Professor of Chemistry

Julius Rebek, Jr., Ph.D.
Camille Dreyfus Professor of Chemistry

Richard Royce Schrock, Ph.D.
Frederick G. Keyes Professor of Chemistry

Dietmar Seyferth, Ph.D.
Robert T. Haslam and Bradley Dewey Professor
of Chemistry

Jeffrey Irwin Steinfeld, Ph.D.
Professor of Chemistry

JoAnne Stubbe, Ph.D.
John G. Sheehan Professor of Chemistry
Professor of Biology

Steven Robert Tannenbaum, Sc.D.
Professor of Chemistry
Professor of Toxicology, Whitaker College

John Stewart Waugh, Ph.D.
Institute Professor

Gerald Norman Wogan, Ph.D.
Underwood-Prescott Professor of Toxicology
Professor of Chemistry
Director, Division of Toxicology, Whitaker
College

Mark Stephen Wrighton, Ph.D.
CIBA-GEIGY Professor of Chemistry
Provost

Associate Professors

Peter Thomas Lansbury, Jr., Ph.D.
Associate Professor of Chemistry

Douglas C. Youvan, Ph.D.
Associate Professor of Chemistry

Assistant Professors

Moungi G. Bawendi, Ph.D.
Assistant Professor of Chemistry

Christopher C. Cummins, Ph.D.
Assistant Professor of Chemistry

Gregory C. Fu, Ph.D.
Assistant Professor of Chemistry

Jun Liu, Ph.D.
Assistant Professor of Chemistry
and Biology

Scott C. Virgil, Ph.D.
Assistant Professor of Chemistry

James Russell Williamson, Ph.D.
Assistant Professor of Chemistry

Hans-Conrad zur Loye, Ph.D.
Assistant Professor of Chemistry

Senior Research Scientist

Catherine Elizabeth Costello, Ph.D.

Principal Research Scientist

William M. Davis, Ph.D.

Undergraduate Laboratory Director

Leslie A. Whitaker, Ph.D.

Technical Instructor

James Alexander Simms

Administrative Officer

Marc Bennett Jones

Graduate Office

Marion A. Curley

Financial Administrator

Cheryl I. Eccles

Personnel Administrator

Marie-Th6rbse Kouo

Undergraduate Office

Melinda G. Cemy

Professors Emeriti

Robert Arnold Alberty, Ph.D., Sc.D.
Professor of Chemistry, Emeritus

George Hermann BCjchi, D.Sc.
Professor of Organic Chemistry, Emeritus

David Newton Hume, Ph.D.
Professor of Analytical Chemistry, Emeritus

John Withers Irvine, Jr., Ph.D., Sc.D.
Professor of Chemistry, Emeritus

Har Gobind Khorana, Ph.D.
Alfred P Sloan Professor of Biology and
Chemistry, Emeritus
Senior Lecturer

Clark Conkling Stephenson, Ph.D.
Professor of Chemistry, Emeritus
Senior Lecturer
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Undergraduate Study

Bachelor of Science in Chemistry
Course V

The department offers an undergraduate pro-
gram sufficiently flexible in its electives to pro-
vide excellent preparation for careers in many
different areas of chemistry. The Course is
designed to provide an education based on
science both for those who intend to go on to
graduate study and for those who intend to
immediately pursue professional careers in
either chemistry or an allied field in which a
sound knowledge of chemistry is important.
Students receive thorough instruction in the
principles of chemistry, supplemented by a
strong foundation in mathematics, physics,
the humanities, and other subjects. The depart-
mental program is accredited by the American
Chemical Society.

Unrestricted elective time allows students to
extend their knowledge in areas of special
interest. Those intending to do graduate work
may elect subjects in the department or in other
departments that give them more detailed
knowledge in the areas in which they wish to
specialize. Students who plan to enter industry
may elect subjects that offer the fundamentals
in a selected field of science, engineering, or
the humanities and social sciences. Five-year
programs may also be elected that lead to
simultaneous Bachelor of Science degrees in
two fields of specialization.

The student's faculty advisor can offer sugges-
tions for elective subjects that are of value in
preparation for specialization in the various
broad areas of chemistry. The proper choice of
electives is particularly important for students
planning to continue their education in a gradu-
ate school.

Course V also aims to develop a strong ground-
ing in research principles and experience, and
the curriculum may include a research project
giving students opportunities to demonstrate
aptitude for creative efforts.

inquiries

Additional information may be obtained from the
Chemistry Department, Undergraduate Office,
Room 2-325, MIT Cambridge, MA 02139-4307,
(617) 253-7271.

Bachelor of Science in Chemistry
Course V

CLASS OF 1997 or later: See Notes on Course V below

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities. Arts, and Social Sciences Requirement 8

Restricted Electives In Science and Technology (REST)
Requirement* [one subject can be satisfied by 5.12, 5.60,
or 5.61 in the Departmental Program] 3

Laboratory Requirement [can be satisfied
by 5 311 In the Departmental Program] 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)

Required Subjects

Notes on course V

CLASS OF 1997 (, r, . , e p~ 'wraw
six subjects with the aaJtiun it biogy as a G eI. and se RE-
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17

'Students who take 5.11 to fulfill the General Institute Require-
ment In Chemistry will have 36 units In the Departmental
Program that will also satisfy the General Institute Requirements
and, accordingly, will have 72 units of Unrestricted Electives
Instead of 60 units.

*Alternate prerequisites are listed In the subject description

*The REST Requirement was formerly called the Science
Distribution Requirement See Chapter iII for further details on
this and other Institute requirements.

Minor Program

The requirements for a Minor in Chemistry are
as follows:

5.03 Principles of Inorganic Chemistry I
5.12 Organic Chemistry I
5.310 Laboratory Chemistry
5.60 Thermodynamics and Kinetics
Two additional subjects from among:
5.04 Principles of Inorganic Chemistry 11
5.07 Biological Chemistry
5.13 Organic Chemistry 11
5.32 Intermediate Chemical Experimentation
5.43 Organic Chemistry
5.61 Physical Chemistry
5.62 Physical Chemistry

For a general description of the Minor Program,
refer to Chapter 111.

24

120

5.03 Principles of Inorganic Chemistry 1, 12 5.12

5.11 Principles of chemical Science'. 12

512 Organic Chemistry 1. 12. REST 5.11

5.13 Organic Chemistry ii, 12: 5.11, 5.12

5.311 Introductory Chemical Experimentation, 12, LAB:
5 12

532 Intermediate Chemical Experimentation, 15
5.311-, 5.13, 5.60

5.33 Advanced Chemical Instrumentation. 21:
532. 5.61

560 Thermodynamics and Kinetics. 12, REST 18.02,
511

561 Physical chemistry. 12. REST, 8.02, 18.02, 5 11

Restricted Electives

At least two of the following three subjects:

5.04 Principles of Inorganic Chemistry 11, 12: 5.03

5.43 Organic Chemistry, 12 5.13

5.62 Physical Chemistry, 12 5 6O*. 5.61

Departmental Program units that also satisfy the GIRs (24)

Unrestricted Electives' 60

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count as one
or the other, but not both.
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Graduate Study

The Department of Chemistry offers the Master
of Science in Chemistry, the Doctor of Philoso-
phy, and the Doctor of Science. The subjects
offered for these degrees aim to develop a
sound knowledge of fundamentals and a famil-
iarity with current progress in the most active
and important areas of chemistry. In addition to
studying formal subjects, each student under-
takes a research problem that forms the core of
graduate work. Through the experience of
conducting an investigation leading to the
master's or doctoral thesis, a student learns
general methods of approach and acquires
training in some of the specialized techniques of
research.

The areas of research in the department are
organic, inorganic, physical, biological, and
biophysical chemistry; biochemistry; and chemi-
cal physics. The thesis frequently involves more
than one of these fields. Some of the research
activities of the department are carried out in
association with the work of various interdisci-
plinary laboratcries and centers such as the
Center for Materials Science and Engineering,
the Research Laboratory of Electronics, and the
S ectroscopy Laboratory, described in Chapter
VI. These interdepartmental research laborato-
ries provide stimulating interaction among the
research pro grams of several MIT departments
and 9ive students the opportunity to become
familiar with research work in disciplines other
than chemistry. Detailed information on the
research activities of the faculty can be found in
the Directory of Graduate Research published
by the American Chemical Society.

During the first term of residence, all graduate
students are encouraged to select research
supervisors who serve as advisors for the bal-
ance of their graduate careers. In particular, the
overall program of graduate subjects is estab-
lished by each stu ent and the research super-
visor. In planning this program and in establish-
ing the thesis problem, careful consideration is
given to the candidate's academic record and
professional experience, as well as to long-
range objectives.

Entrance Requirements for Graduate Study

Students intending to pursue graduate work in
the department should have excellent under-
graduate preparation in chemistry. The depart-
ment, however, is flexible with respect to the
specific mathematics and physics preparation;
the essential requirement is demonstration of
ability to progress with advanced study and
research in some area of special interest.

Mathematics and physics are important prereq-
uisites for graduate work in physical chemistry
or chemical physics, whereas less preparation
in these areas is required for work in organic
chemistry.

Applicants for financial assistance from the
Department of Chemistry are requested to
submit scores from the verbal and quantitative
sections of the Graduate Record Examination.
Scores on the advanced examinations are
optional.

Although doctoral studies are the principal focus
of the graduate program in the Department of
Chemistry, applications are also accepted from
students who do not wish to go beyond the
master's degree. Applicants whose ultimate goal
is the Ph.D. or Sc.D. should apply to the depart-
ment as doctoral students, since the master's
degree is not a prerequisite for the Ph.D. or
Sc.D. in Chemistry at MIT

Master of Science In Chemistry

The general requirements for the Master of
Science are listed in Chapter IV.

Doctor of Philosophy and Doctor of Science

The department does not have any formal
subject requirements for the doctoral degree.
Each student, with the advice of a research
supervisor, pursues an individual program of
study that is pertinent to long-range research
interests.

Written major examinations are cumulative.
Separate examinations in biological, inorganic,
organic, and physical chemistry are offered
each month from October through May. The
examinations demonstrate an understanding of
the important principles of each field, and most
of the examinations are based on recent semi-
nars and current literature. Six cumulative
examinations must be passed to complete the
written major examination. No fixed time limit is
set for completion of this requirement; however,
progress is reviewed periodically. No other
general written examinations are required. In
particular, no qualifying or entrance examina-
tions are given.

A comprehensive oral examination in the
candidate's major field of advanced study is
held near the end of the third term of residence.
Progress in the student's research is also
examined at that time. A final oral presentation
on the subject of the doctoral research is
scheduled after the thesis has been submitted
and tentatively evaluated by a committee of
examiners.

Teaching and Research Assistantships

The department appoints a number of degree
candidates as teaching assistants who are
usually assigned to laboratory subjects or to
discussion sections of lecture subjects. Many
students receive appointments to research
assistantships after their first year, and depart-
mental fellowships are also available. Financial
support after the first academic year is subject
to the availability of funds and provided for
students who maintain a satisfactory record.

Inquiries

Correspondence about the graduate program
or appointments should be addressed to the
Chairman of the Departmental Committee on
Graduate Students, Professor G. A. Berchtold,
Chemistry Graduate Office, Room 18-392, MIT,
Cambridge, MA 02139-4307, (617) 253-1845.
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Department of Earth, Atmospheric,
and Planetary Sciences
(Course 12)

Faculty and Staff

Thomas Hillman Jordan, Ph.D.
Robert R. Shrock Professor of Earth and
Planetary Sciences
Head of the Department

Professors

Edward Allen Boyle, Ph.D.
Professor of Chemical Oceanography

Burrell Clark Burchfiel, Ph.D.
Schlumberger Professor of Geology

Roger George Burns, Ph.D.
Professor of Geochemistry

Charles Claude Counselman Ill, Ph.D.
Professor of Planetary Sciences

John Marmion Edmond, Ph.D.
Professor of Oceanography

James Ludlow Elliot, Ph.D.
Professor of Astronomy and
Physics
Director, George R. Wallace, Jr.,
Astrophysical Observatory

Kerry Andrew Emanuel, Ph.D.
Professor of Meteorology
Director, for Meteorology and Physical
Oceanography

J. Brian Evans, Ph.D.
Professor of Geophysics

Glenn Richard Flier, Ph.D.
Professor of Oceanography

Frederick August Frey, Ph.D.
Professor of Geochemistry

Timothy L. Grove, Ph.D.
Professor of Geology

Bradford H. Hager, Ph.D.
Cecil and Ida Green Professor of Earth Sciences

Kip V. Hodges, Ph.D.
Professor of Geology

Richard Siegmund Lindzen, Ph.D.
Alfred P Sloan Professor of Meteorology

Marcia K. McNutt, Ph.D.
Professor of Marine Geophysics

Theodore Richard Madden, Ph.D.
Professor of Geophysics

John C. Marshall, Ph.D.
Professor of Physical Oceanography

Mario J. Molina, Ph.D.
Professor of Atmospheric Chemistry and
Chemistry

F. Dale Morgan, Ph.D.
Professor of Geophysics

Reginald Edward Newell, Sc.D.
Professor of Meteorology

Gordon Hemenway Pettengill, Ph.D.
Professor of Planetary Physics
Director, Center for Space Research

Raymond Alan Plumb, Ph.D.
Professor of Meteorology

Ronald George Prinn, Sc.D.
Professor of Atmospheric Chemistry
Director, Center for Global Change Science

Paola Malanotte Rizzoli, Ph.D.
Professor of Oceanography

Leigh H. Royden, Ph.D.
Professor of Geology and Geophysics

Sean Carl Solomon, Ph.D.
Professor of Geophysics

John Brelsford Southard, Ph.D.
Professor of Geology

Peter Hunter Stone, Ph.D.
Professor of Meteorology

M. Nafi Toks6z, Ph.D.
Professor of Geophysics
Director, Earth Resources Laboratory
Director, George R. Wallace, Jr., Geophysical
Observatory

Jack Wisdom, Ph.D.
Professor of Planetary Sciences

Carl Isaac Wunsch, Ph.D.
Cecil and Ida Green Professor of Physical
Oceanography

Associate Professors

Richard P Binzel, Ph.D.
Associate Professor of Planetary Sciences

Samuel A. Bowring, Ph.D.
Associate Professor of Geology

John P Grotzinger, Ph.D.
Associate Professor of Geology

Thomas A. Herring, Ph.D.
Kerr-McGee Junior Development Associate
Professor of Geophysics

Daniel H. Rothman, Ph.D.
Associate Professor of Geophysics

Assistant Professors

Timothy E. Dowling, Ph.D.
Assistant Professor of Planetary Sciences

Chris J. Marone, Ph.D.
Assistant Professor of Geophysics

Jochem Marotzke, Ph.D.
Assistant Professor of Physical Oceanography

Maureen E. Raymo, Ph.D.
Assistant Professor of Geology

Visiting Professors

Michel Bouchon
Professor of Geophysics

Claude J. Frankignoul, Ph.D.
Professor of Oceanography

Senior Lecturers

John Carl Foster, Ph.D.
Richard D. Rosen, Ph.D.
Joseph E. Salah, Ph.D.

Lecturer

John M. Holt, Ph.D.

Honorary Lecturer

Cecil H. Green, S.M., D.S.C., LL.D.

Administrative Officer

Pamela Phillips, M.B.A.

Administrative Staff

Anita Killian, B.S., M.S.
Katherine Ware, B.A.

Senior Research Scientist

Peter Molnar, Ph.D.

Principal Research Scientists

Chuen Hon Cheng, Sc.D.
Heidi Hammel, Ph.D.
Robert W. King, Jr., Ph.D.
Robert Reilinger, Ph.D.

Research Scientists

Mandal Batakrishna, Ph.D.
Barry Grant, B.S.
Michael Jercinovic, Ph.D.
Dimitris Menemenlis, Ph.D.
Lev Perelman, Ph.D.
William Rodi, Ph.D.
Xianqian Shi, Ph.D.
Andrei Sokolov, Ph.D.
Earle R. Williams, Ph.D.
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Overview

Research Associates

Roger Turpening, Ph.D.
Roberta Young, Ph.D.

Research Engineer

Spiros Geotis

Research Specialists

Carol Blackway Caravana, M.S.
Charles Doll, M.S.
Leslie Finck, B.S.
Pillalamarri Ila, Ph.D.
Charmaine King, B.S.
Lisa Lloyd-Kindstrand, B.A.
Jane Maloof, B.S.
Linda Meinke, B.S.
Richard Meserole
William Olszewski, Ph.D.
Diana Spiegel M.S.

Research Staff, Administrative

Sara H. Brydges, B.S.
Jane S. McNabb, B.A.
Alexander Pszenny, Ph.D.
Anne M. Slinn, M.S.
Albert L. Taylor

Postdoctoral Associates

Philip Bogden, Ph.D.
Kar Man Chang, Ph.D.
Drew Coleman, Ph.D.
Janusz Eluszkiewicz, Ph.D.
Ming Fang, Ph.D.
Willis Hames, Ph.D.
Dana Hartley, Ph.D.
Clark Isachsen, Ph.D.
Daniel Jamous, Ph.D.
Barry Klinger, Ph.D.
Randall Mackie, Ph.D.
David Marshall, Ph.D.
Nilton Renn6, Ph.D.
Detlef Stammer, Ph.D.
Darryn Waugh, Ph.D.
Lisan Yu, Ph.D.

Visiting Scientists

Bruce Anderson, Ph.D.
Amram Golombek, Ph.D.

Research Affiliates

Vernon Cormier, Ph.D.
Anton Dainty, Ph.D.
Norman Gaut, Ph.D.
Robert Heinmiller, Ph.D.
Katherine Kadinsky-Cade, Ph.D.
Robert Kraichnan, Ph.D.
Erik Mollo-Christensen, Ph.D.
Norman Phillips, Ph.D.
Xiaoming Tang, Ph.D.
Joseph Walsh, Ph.D.

Professors Emeriti

James Murdoch Austin, Sc.D.
Professor of Meteorology, Emeritus

William Francis Brace, Ph.D.
Professor of Geology, Emeritus

Harold Williams Fairbairn, Ph.D.
Professor of Geology, Emeritus

Patrick Mason Hurley, Ph.D.
Professor of Geology, Emeritus

Edward Norton Lorenz, Sc.D.
Professor of Meteorology, Emeritus

William F. Pinson, Jr., Ph.D.
Associate Professor of Geology, Emeritus

Frederick A. Sanders, Ph.D.
Professor of Meteorology, Emeritus

Robert Rakes Shrock, Ph.D.
Professor of Geology, Emeritus

M. Gene Simmons, Ph.D.
Professor of Geophysics, Emeritus

The Department of Earth, Atmospheric, and
Planetary Sciences offers the bachelor's degree
in earth, atmospheric, and planetary sciences,
and the master's and doctoral degrees in earth
and planetary sciences, in meteorology, and in
oceanography.

Observations of the sky, sea, surface, and the
planet's interior inspire ingenious syntheses of
physics, chemistry, and mathematics. Depart-
mental programs employ the basic sciences to
understand the origins, evolution, composition,
and structure of the earth and other planets, and
to explain phenomena as diverse as the motions
of continents, asteroids, and weather systems.

Department faculty members teach and con-
duct research in a broad range of areas, includ-
ing mineralogy-crystallography, sedimentology,
petrology, rock mechanics, geochemistry,
chemical oceanography, geochronology, tec-
tonics, geodesy, seismology, geomagnetism
and geoelectricity, heat flow, high-pressure
geophysics, geophysical fluid dynamics, obser-
vational and dynamical meteorology, atmo-
spheric chemistry, atmospheric electricity,
physical oceanography, marine geology and
geophysics, optical and radar astronomy, dy-
namical astronomy, comets and meteors, plane-
tary rings, and planetary atmospheres.

Modern problems in these fields are ap-
proached by field measurements, laboratory
studies, and theory. Experimental facilities for
training and research are available not only in
departmental laboratories such as the Earth
Resources Laboratory, but also in MIT's interde-
partmental laboratories such as the Center for
Global Change Science, Center for Space
Research, Lincoln Laboratory, Haystack Radio
Observatory and Millstone Radar facility, and the
Wallace Astrophysical and Geophysical Obser-
vatories (described in Chapter VI), and in coop-
erating institutions such as the Woods Hole
Oceanographic Institution.

Graduate programs in meteorology and physi-
cal oceanography are provided through the
Center for Meteorology and Physical Oceanog-
raphy. The programs in these areas draw upon
physics, mathematics, and chemistry but em-
phasize fluid dynamics. The solutions to many
environmental problems depend upon in-
creased knowledge of the earth's atmosphere
and oceans. The center's graduate programs
are designed to provide students with a broad
background in these areas. The research pro-
grams of the center are described later in this
section. The program in physical oceanography
is offered jointly with the Woods Hole Oceano-
graphic Institution.



244 School of Science

Undergraduate Study

Students are encouraged to take advantage of
the offerings in the Undergraduate Seminar
Program and the Undergraduate Research
Opportunities Program to become involved in
the fields of earth and planetary sciences,
meteorology, and oceanography.

Bachelor of Science in Earth, Atmospheric,
and Planetary Sciences
Course Xi

The department offers undergraduate prepara-
tion for professional careers in a wide range of
fields in earth and planetary sciences, meteor-
ology, and oceanography. Some students
concentrate in one or more of these specific
fields; others choose to combine basic studies
in mathematics, physics, chemistry, or engineer-
ing with applications to earth, atmospheric, and
planetary sciences. Students interested in
environmental science can take advantage of
the new Center for Global Change Science,
which gives special emphasis to environmental
science and builds upon existing programs in
hydrology, meteorology, and oceanography.

The curriculum for the Bachelor of Science in
Earth, Atmospheric, and Planetary Sciences
allows great flexibility in arranging an individual-
ized program of study, while ensuring a funda-
mental background through a core of subjects
designed for all undergraduates majoring in the
department. With the assistance of the advisor
and the departmental Undergraduate Office, the
student can arrange participation in a wide
variety of research projects to provide insights
into the pursuit of science beyond the
classroom experience. A large number of field
subjects are offered for this purpose as well.

Students are encouraged to enter the Depart-
ment of Earth. Atmospheric, and Planetary
Sciences at the beginning of their second year
to take full advantage of the departmental
programs and offerings, but students can easily
enter the department as late as the beginning of
their third year. Interested students are invited to
visit Department Headquarters (Room 54-910)
at any time to arrange a conversation with
faculty who are involved in the undergraduate
program.

Academic Program. The department recently
restructured its undergraduate curriculum with
the creation of a core program consisting of
four core subjects covering the major depart-
mental disciplines in the earth, atmospheric, and
planetary sciences. Each student is required to
take at least three of these four core subjects to
provide a broad and solid base for specialization
within the department. Each student has a
further program of restricted electives individual-
ly arranged in consultation with the advisor.
Usually these programs fall within or among the
many major disciplines covered by the depart-
ment, but alternative programs can also be
worked out with the advisor to meet the particu-
lar needs and interests of the individual student.

Bachelor of Science In Earth, Atmospheric,
and Planetary Sciences
Course XII

CLASS OF 1997 or later: See Notes on Course XII below.

General Institute Requirements (GIRs) Subjec

Science Requirement

Humanities. Arts, and Social Sciences Requirement

Restricted Electives in Science and Technology (REST)
Requirement** [two subjects can be satisfied from among
8.03, 18.03 or 18.034. 5.60, and 12.001, 12.002, or 12.003
In the Departmental Program]

Laboratory Requirement

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)
Required Subjects 84

18.03 Differential Equations 12, REST 18.02*

or
18.034 Differential Equations, 12, REST 18.02*

Two of the following three subjects:
5.60 Thermodynamics and Kinetics, 12, REST 18.02.

5.11

8.03 Physics i1, 12, REST 8.02*, 18.02

12,005 Applications of Continuum Mechanics to
Earth, Atmospheric. and Planetary Sciences,
12; 8.02. 18.02, 18.03

Three of the following four subjects:
12.001 Introduction to Geology, 12, REST

12.002 Physics and Chemistry of the Solid Earth,
12. REST 8.02, 18 02

12.003 Physics of the Fluid Earth, 12, REST 8,01, 18.02

12.004 introduction to Planetary Science, 12:
8.02, 18.03

One of the following two subjects:
12 IND Independent Study (at least 12 units)

12 ThU Undergraduate Thesis (at least 12 units)

Planned Electives

A coherent program of electives selected in consultation
with the faculty advisor, including at least one 12-unit
laboratory subject from among 12.111, 12115, 12.119,
12.410J, or suitable alternative approved by department
undergraduate committee.

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both

Notes on Course X11

CLASS OF 1997 or later The Science Requirement increases to
5 six subjects with the addition of Biology as a GIR, and the REST

Requirement decreases from three subjects to two, keeping the
8 total number of GIRs constant at 17.

*Alternate prerequisites are listed in the subject description.

*"The REST Requirement was formerly called the Science
3 Distribution Requirement. See Chapter iII for further details on
1 this and other Institute requirements

Double-Degree Programs/Five-Year Programs

Studies in physics, chemistry, biology, applied
mathematics, and electrical or civil engineering
are directly relevant preparation for work in
earth, atmospheric, and planetary sciences.
Students from these departments can arrange
flexible programs of study in Course XII leading
to a second Bachelor of Science in one of these
areas.

Students with strong academic records from the
Departments of Chemistry; Electrical Engineer-
ing and Computer Science: Physics; Earth,
Atmospheric, and Planetary Sciences; or Mathe-
matics should be able to complete a Master of
Science in Earth and Planetary Sciences in .
meteorology and physical oceanography in one
year of additional study, particularly if programs
are arranged for this purpose from the begin-
ning of the fourth year. Applications for graduate
enrollment in the department are considered
any time after the beginning of the fourth year.
Students may receive the Bachelor of Science
as soon as the requirements are completed, or
may elect to defer the award for simultaneous
presentation with the Master of Science.

60

Departmental Program unite that also satisfy the GIRs (24)

Unrestricted Electives 60

ts
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Graduate Study

Minor Program

The requirements for a Minor in Earth, Atmo-
spheric, and Planetary Sciences in either of
two areas, Geoscience or Planetary Science, are
as follows:

Core Subjects

Geoscience
Two of:
12.001 Introduction to Geology
12.002 Physics and Chemistry of the Solid

Earth
12.003 Physics of the Fluid Earth

Planetary Science
12.004 Introduction to Planetary Science
plus
One of:
12.001, 12.002, or 12.003

Planned Electives
A coherent program of three elective subjects
(36 units) selected in consultation with a faculty
advisor.

Independent Study
One of 12 UR or 12 IND (12 units).

For a general description of the Minor Program,
refer to Chapter 111.

Inquiries

Additional information may be obtained from the
Department of Earth, Atmospheric, and Plane-
tary Sciences, Department Headquarters, Room
54-913, MIT, Cambridge, MA 02139-4307, (617)
253-3381. Specific information and advice with
respect to studies in meteorology ma be
obtained from the Center for Meteorology and
Physical Oceanography, Room 54-1712, (617)
253-2281.

The Department of Earth, Atmospheric, and
Planetary Sciences offers opportunities for
graduate study and research in a wide range of
fields, as indicated by the detailed subject
descriptions in Chapter VIII. This coursework is
the usual prelude to a thesis demonstrating that
the student is capable of independent and
creative research. A successful thesis leads to a
graduate degree: either a Master of Science, a
Doctor of Philosophy or a Doctor of Science in
the field of specialization.

A graduate thesis may have either a theoretical,
experimental, or observational focus. Modern
laboratory facilities, computers, instrumentation,
and extensive collections of specimens and
data are available to students. Field study is an
essential part of the graduate curriculum in
geology, geophysics, and geochemistry, and
special arrangements may be made for summer
employment and field research on departmental
projects and with industrial organizations and
government agencies. In oceanography, sea-
going observational research is an important
part of the educational experience. In meteorol-
ogy and oceanography, graduate study in-
cludes a mixture of theoretical and experimental
studies sharing a common appreciation of the
dynamics of the underlying process.

Entrance Requirements for Graduate Study

In addition to the General Institute Requirements
for admission listed in Chapter IV, the depart-
ment requires preparation equivalent to the
curriculum for the Bachelor of Science in Earth,
Atmospheric, and Planetary Sciences at MIT for
graduate studies in that field. For meteorology
and oceanography, the most essential element
is a sound preparation in mathematics and
physics, supplemented if possible by some
chemistry. Students taking their undergraduate
work at other institutions are advised to include
in their programs the equivalent of the mathe-
matics and physics contained in the MIT under-
graduate curricula. If students are not fully
prepared in certain of the fields or required
subjects, they usually are asked to extend their
studies in these areas while pursuing advanced
work. The doctoral program can be entered
without a Master of Science as a prerequisite.

Joint MIT-Woods Hole Oceanographic
Institution Program

MIT and WHOI have established a program in
oceanography which leads to a jointly awarded
degree of the Master of Science, Doctor of
Philosophy, or the Doctor of Science. For details
of this program, see Joint Program in Oceano-
graphy and Applied Ocean Science and Engi-
neering With the Woods Hole Oceanographic
Institution at the end of this chapter.

Master of Science in Earth and Planetary
Sciences, in Meteorology, or in
Oceanography

The General Institute Requirements for the
degree of Master of Science in Earth and Plane-
tary Science, in Meteorology, or in Oceanogra-
phy are described in Chapter IV An individual
program of study and research is arranged to
suit the special background, needs, and goals
of each student. The program is worked out in
detail by the student with his or her personal
faculty advisor and a departmental committee.
There are no foreign language requirements for
the degree. Master's students in oceanography
and meteorology have access to the facilities of
the joint MIT-WHOI program.

Doctor of Philosophy and
Doctor of Science

General Institute Requirements for the degree of
Doctor of Philosophy or Doctor of Science are
given in Chapter IV. The department does not
require candidates for the doctorate to present
evidence of competence in a foreign language,
but it strongly urges that candidates for the
doctorate acquire intermediate competence in
one or more languages. A specialized program
of study and research is tailored to each
student's background, needs, and goals by the
student in consultation with a faculty advisor
and a departmental committee. A doctoral
candidate's program should be broad and
include formal study in other departments in
addition to the specialized subjects that prepare
the candidate for thesis research. Thesis
research normally begins immediately after
successful completion of the general examina-
tion by the end of the second year. The general
examination is intended to test the candidate's
aptitude and preparation for independent
research.

Thesis research is closely supervised by one or
more faculty members interested in and knowl-
edgeable about the research topic, who are
chosen by the student and may be members of
other departments. The thesis is expected to
meet high professional standards, and to be a
significant original contribution to the scientific
field.



246 School of Science

Center for Meteorology
and Physical Oceanography

Other Departmental Centers

Teaching and Research Assistantships

The department (including the Center for Me-
teorology and Physical Oceanography, the
Center for Global Change Science, and the
Earth Resources Laboratory) offers a consider-
able number of research and teaching assistant-
ships each year. Research assistants work on
one of the many research projects in the depart-
ment, often related to the student's thesis
research. Teaching assistants assist in laboratory
instruction or in the preparation of teaching
materials and the grading of papers.

The Center for Meteorology and Physical
Oceanography also offers the Jule G. Charney
Awards for graduate study. These awards are
available to a few students to supplement the
normal support from research assistantships or
other fellowships. Selection of individuals is
based on the excellence of the applicant's
record, as evidenced by academic perform-
ance, letters of recommendation, professional
accomplishments, and other awards such as
National Science Foundation Fellowships.

inquiries

Additional information regarding academic and
current research programs in the department,
admission requirements, assistantship appoint-
ments, and financial aid may be obtained by
writing to the Department of Earth, Atmospheric,
and Planetary Sciences, Department Headquar-
ters, Room 54-913, MIT, Cambridge, MA
02139-4307, (617) 253-3381.

The Center for Meteorology and Physical
Cceanography offers formal subjects of instruc-
tion in most principal areas of meteorology and
physical oceanography, supplemented by
reading subjects in a student's special area of
interest. The subjects are described in Chapter
Vill.

The center's research and educational activities
include all the principal areas of meteorology:
atmospheric dynamics, synoptic meteorology,
weather forecasting, radar meteorology,
mesoscale meteorology, cloud physics,
atmospheric electricity, atmospheric chemistry,
climate dynamics, satellite meteorology,
planetary atmospheres, air-sea interactions,
observational meteorology, hydro-meteorology,
and air pollution. The center maintains a
chemistry laboratory, a Doppler weather radar
system, and a synoptic laboratory that receives
and archives current weather data from the
National Meteorological Center.

In physical oceanography, faculty and students
are currently engaged in theoretical studies of
the oceanic circulation, observational studies at
sea, laboratory models, and investigations of the
interactions between the atmosphere and the
ocean. The programs of graduate students in
oceanography also include subjects in
oceanography and related areas offered by
several other MIT departments and the Woods
Hole Oceanographic Institution.

Cambridge and its surroundings contain a
number of institutions active in meteorological
and oceanographic research, which include
Harvard University, Woods Hole Oceanographic
Institution, the Air Force Geophysics Laboratory,
and the Boston Office of the National Weather
Service, in addition to private commercial firms.
Contact with the personnel of these institutions
is maintained through seminars and symposia,
and students can take subjects at Woods Hole
Oceanographic Institution and Harvard
University.
The center has a computer facility, distributed
over several floors, consisting of a cluster of
Unix workstations and X-window terminals with
shared disks and associated peripherals. All
workstations are linked via Ethernet to each
other, to the main campus network, and to the
Internet, allowing users to transfer files, do
remote logins, and use electronic mail locally
and worldwide. The facility is used by students
and staff for local data analysis, graphics, nu-
merical modeling, and other applications, and
for access to remote supercomputers.

Earth Resources Laboratory

The Earth Resources Laboratory (ERL) brings
together faculty, staff, and students dedicated to
research that will further our understanding of
the earth and its resources and environment.
Intensive and multidisciplinary approaches are
combined to investigate the problems of energy
and resource development. Seismology and
physical properties of earth materials, among
other geophysical studies, provide a common
thread for research projects. The laboratory
personnel, who total about 50, include depart-
mental faculty, visiting faculty, research scien-
tists, graduate and undergraduate students, and
technical and support staff.

The major research areas at ERL are seismic
wave propagation; borehole geophysics,
including full waveform acoustic logging and
reservoir delineation and characterization;
tectonics and seismicity; and seismic inversion
and tomography. There are extensive comput-
ing facilities, as well as ultrasonics, tomography,
and rock physics laboratories supporting the
research areas. The Wallace Geophysical
Observatory and New England Seismic Network
are designed for earthquake monitoring. Other
field data collection is carried out at two
boreholes, each two kilometers deep,
dedicated to borehole and crosshole seismic
research. In addition, ERL is involved in
cooperative studies with other MIT departments,
industrial research groups, and the Woods Hole
Oceanographic Institution.

The research activities at ERL are supported in
equal measure by industry and government
agencies. Further information about ERL can be
obtained at the Department Headquarters,
Room 54-913, at ERL Headquarters, Room
E34-462, or by calling the Director, Professor M.
Nafi Toks6z at (617) 253-7852.

Center for Global Change Science

The Center for Global Change Science was
established in 1990 to address longstanding
scientific problems whose solution is necessary
for accurate prediction of global changes in the
environment. This interdisciplinary center in-
volves both research and education, and builds
on the long-established and widely recognized
programs in meteorology, oceanography,
hydrology, and satellite remote sensing carried
out in the Schools of Science and Engineering.
Although the center is administered by the
Department of Earth, Atmospheric, and Plane-
tary Sciences, the involvement of other depart-
ments (Civil and Environmental Engineering,
Electrical Engineering, Chemistry) and laborato-
ries (Parsons) at MIT is significant. This interdis-
ciplinary approach, organized to encourage
collaboration of scientists with a wide variety of
backgrounds and interests, is vital to confront
effectively the complex challenge of global
change.
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The long-term goal of the center is to utilize
theory and observations to understand the basic
processes and mechanisms controlling the
global environment, and thereby accurately
predict environmental changes. The initial
objectives of the center involve a sustained
program of basic research focused on five
fundamental processes in the global climate
machine: convection and cloud formation,
ocean circulation and ocean-atmosphere
coupling, land surface hydrology and hydrolo-
gy-vegetation coupling, biogeochemistry of the
greenhouse gases, and upper atmospheric
chemistry and circulation. The aim is first to
understand these basic processes, as well as
their potential effects on climate change, and
then to incorporate them into climate prediction
models.

The center has also recently established a
collaborative effort with the MIT Center for
Energy and Environmental Policy Research
called the Joint Program on the Science and
Policy of Global Change. The goal of the joint
program is to provide a more complete and
coherent basis for global climate policy devel-
opment, negotiation and implementation. The
program involves joint sponsorship and active
participation by industry, government, and
nonprofit organizations, as well as strategic
alliances between MIT and leading research
institutions worldwide.

Further information can be obtained from the
center office, Room 54-1312, or by calling (617)
253-4902.
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Department of Mathematics
(Course 18)

Faculty and Staff

David John Benney, Ph.D.
Professor of Applied Mathematics
Head of the Department

Haynes R. Miller, Ph.D.
Professor of Mathematics
Chairman, Committee on Pure Mathematics

Richard P Stanley, Ph.D.
Professor of Applied Mathematics
Chairman, Committee on Applied Mathematics

Professors

Michael Artin, Ph.D.
Professor of Mathematics

Alexander Beilinson, Ph.D.
Professor of Mathematics
(On leave, spring)

Hung Cheng. Ph.D.
Professor of Applied Mathematics

Richard Mansfield Dudley, Ph.D.
Professor of Mathematics

Daniel Z. Freedman, Ph.D.
Professor of Applied Mathematics
(On leave)

Sy David Friedman, Ph.D.
Professor of Mathematics

Harvey Philip Greenspan, Ph.D.
Professor of Applied Mathematics
(On leave, spring)

Victor William Guillemin, Ph.D.
Professor of Mathematics

Sigurdur Helgason, Ph.D.
Professor of Mathematics

Kenneth Myron Hoffman, Ph.D.
Professor of Mathematics
(On leave)

Michael J. Hopkins, Ph.D.
Professor of Mathematics

David S. Jerison, Ph.D.
Professor of Mathematics

Victor Kac, Ph.D.
Professor of Mathematics

Steven Kleiman, Ph.D.
Professor of Mathematics

Daniel J. Kleitman, Ph.D.
Professor of Applied Mathematics

Bertram Kostant, Ph.D.
Professor of Mathematics

Frank Thomson Leighton, Ph.D.
Professor of Applied Mathematics

George Lusztig, Ph.D.
Professor of Mathematics
(On leave, fall)

Robert D. MacPherson, Ph.D.
Professor of Mathmatics

Willem V. R. Malkus, Ph.D.
Professor of Applied Mathematics

Arthur Paul Mattuck, Ph.D.
Professor of Mathematics

Richard Burt Melrose, Ph.D.
Professor of Mathematics

James Raymond Munkres, Ph.D.
Professor of Mathematics

Franklin Paul Peterson, Ph.D.
Professor of Mathematics

Hartley Rogers, Jr., Ph.D.
Professor of Mathematics

Rodolfo Ruben Rosales, Ph.D.
Professor of Applied Mathematics

Gian-Carlo Rota, Ph.D.
Professor of Applied Mathematics and
Philosophy

Gerald Enoch Sacks, Ph.D.
Professor of Mathematical Logic

Isadore Manual Singer, Ph.D.
Institute Professor
Professor of Mathematics

Michael Sipser, Ph.D.
Professor of Applied Mathematics

W. Gilbert Strang, Ph.D.
Professor of Mathematics

Daniel W. Stroock, Ph.D.
Professor of Mathematics

Alar Toomre, Ph.D.
Professor of Applied Mathematics

David Alexander Vogan, Ph.D.
Professor of Mathematics

Associate Professors

Ezra Getzler, Ph.D.
Associate Professor of Mathematics

Ehud Hrushovsky, Ph.D.
Associate Professor of Mathematics
(On leave)

Steven H. Strogatz, Ph.D.
Associate Professor of Applied Mathematics

Assistant Professors

Scott Axelrod, Ph.D.
Assistant Professor of Mathematics

Bonnie Berger, Ph.D.
Assistant Professor of Applied Mathematics

Sheldon Chang, Ph.D.
Assistant Professor of Mathematics

Alan Edelman, Ph.D.
Assistant Professor of Applied Mathematics

Sergey Fomin, Ph.D.
Assistant Professor of Applied Mathematics

Michel Goemans
Assistant Professor of Applied Mathematics

Mauricio Karchmer, Ph.D.
Assistant Professor of Applied Mathematics

Mark Matthews, Ph.D.
Assistant Professor of Applied Mathematics

James G. Propp, Ph.D.
Assistant Professor of Applied Mathematics

Visiting Professors

Carlos Kenig, Ph.D.
Visiting Professor of Mathematics

Tony Knapp, Ph.D.
Visiting Professor of Mathematics

Robert Kottwitz, Ph.D.
Visiting Professor of Mathematics

Olivier Lafitte, Ph.D.
Visiting Professor of Mathematics

Nikolai Makarov, Ph.D.
Visiting Professor of Mathematics

Yuri Manin, Ph.D.
Visiting Professor of Mathematics

Carlos Simpson, Ph.D.
Visiting Professor of Mathematics

C. L. E. Moore Instructors

Dan Abramovich, Ph.D.
Kai Behrend, Ph .D.
Charles Conley, Ph.D.
Stavros Garoufalidis, Ph.D
Daniel Grieser, Ph.D.
Thomas Hewett, Ph.D.
Lizhen Ji, Ph.D.
Yael Karshon, Ph.D.
Kefeng Liu, Ph.D.
Jiang-Hua Lu, Ph.D.
James Pommersheim, Ph.D.
Stephen Sawin, Ph.D.
Reyer Sjamaar, Ph.D.
Karen E. Smith, Ph.D.
John Stalker, Ph.D.
Neil Strickland, Ph.D.
Andras Szenes, Ph.D.
Susan Tolman, Ph.D.
Ilya Zakharevich, Ph.D.
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Undergraduate Study

instructors In Applied Mathematics

Christodoulos Christodoulou, Ph.D.
Sanjay Kumar, Ph.D.
Christine A. McMillan, Ph.D.
Kevin Short, Ph.D.
Shang-Hua Teng, Ph.D.

Instructor in Pure Mathematics

Andrei Radul, Ph.D.

Lecturers

Yana Belopolskaya, Ph.D.
Lecturer of Mathematics

Alexander B. Goncharov, Ph.D.
Lecturer of Mathematics

Greta Ljung, Ph.D.
Lecturer of Applied Mathematics

Fabian Waleffe, Ph.D.
Lecturer of Applied Mathematics

Administration

Joanne E. Jonsson, B.S.
Academic Administrator

Carla Welch Kirmani, A.L.B.
Administrative Officer

Dennis L. Porche, B.A.
Assistant to the Department Head

Phyllis Ruby, A.B.
Graduate Administrator

Professors Emeriti

Warren Ambrose, Ph.D.
Professor of Mathematics, Emeritus

Nesmith Cornett Ankeny, Ph.D.
Professor of Mathematics, Emeritus

Herman Chernoff, Ph.D.
Professor of Applied Mathematics, Emeritus

Francis Begnaud Hildebrand, Ph.D.
Professor of Mathematics, Emeritus

Louis Norberg Howard, Ph.D.
Professor of Applied Mathematics, Emeritus

Peter J. Huber, Ph.D.
Professor of Applied Mathematics, Emeritus

Daniel Marinus Kan, Ph.D.
Professor of Mathematics, Emeritus

Chia-Chiao Lin, Ph.D.
Institute Professor
Professor of Applied Mathematics, Emeritus

William Ted Martin, Ph.D.
Professor of Education and Mathematics,
Emeritus

Richard Donald Schafer, Ph.D.
Professor of Mathematics, Emeritus

Irving Ezra Segal, Ph.D.
Professor of Mathematics, Emeritus

Claude Elwood Shannon, Ph.D.
Donner Professor of Science and Professor of
Electrical Engineering and Mathematics,
Emeritus

Dirk Jan Struik, Ph.D.
Professor of Mathematics, Emeritus

George Brinton Thomas, Jr., Ph.D.
Professor of Mathematics, Emeritus

George William Whitehead, Ph.D.
Professor of Mathematics, Emeritus

An undergraduate degree in mathematics
provides an excellent basis for graduate work in
mathematics or computer science, or for em-
ployment in such mathematics-related fields as
systems analysis, operations research, or actu-
arial science.

Because the career objectives of undergraduate
mathematics majors are so diverse, each under-
graduate's program is individually arranged
through collaboration between the student and
his or her faculty advisor. In general, students
are encouraged to explore the various branches
of mathematics, both pure and applied.

Undergraduates seriously interested in mathe-
matics are encouraged to elect an upper-level
mathematics seminar. This is normally done
during the junior year or the first semester of the
senior year. The experience gained from active
participation in a seminar conducted by a
research mathematician is particularly valuable
for a student planning to pursue graduate work.

There are three undergraduate programs that
lead to the degree Bachelor of Science in
Mathematics: a General Mathematics Option, an
Applied Mathematics Option for those who wish
to specialize in that aspect of mathematics, and
a Theoretical Mathematics Option for those who
expect to pursue graduate work in pure mathe-
matics. A fourth undergraduate program leads
to the degree Bachelor of Science in Mathemat-
ics with Computer Science; it is intended for
students seriously interested in both mathemat-
ics and computer science.

Bachelor of Science in Mathematics
Course XVIil
General Mathematics Option

This option is the one followed by most stu-
dents who major in mathematics. Besides the
General Institute Requirements, the require-
ments consist of 18.03 Differential Equations, or
18.034 Differential Equations, and eight 12-unit
subjects in Course 18 of essentially different
content, including at least six advanced subjects
(first decimal digit one or higher). This leaves
available 84 units of unrestricted electives. The
requirements are flexible in order to accommo-
date several categories of students: students
who pursue programs that combine mathemat-
ics with a related field (such as physics, eco-
nomics, or management): students who divide
their time between theoretical and applied
mathematics; and students who use mathemat-
ics as a general Institute major.
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Bachelor of Science in Mathematics
Course XVIil -Applied Mathematics Option

CLASS OF 1997 or later: See Notes on Course XVIII below

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities, Arts, and Social Sciences Requirement 8
Restricted Electives in Science and Technology (REST)
Requirement** [one subject can be satisfied by 18.03
or 18.034 In the Departmental Program] 3

Laboratory Requirement 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)
Required Subjects 60

18.03 Differential Equations, 12. REST 18 02*

or

18,034 Differential Equations. 12. REST 18.02*

18,310 Principles of Applied Mathematics. 12 18.02*

18.311 Principles of Applied Mathematics, 12 18.03*

One of the following two subjects:
18,04 Complex Variables with Applications, 12. 18 03*

18 112 Introduction to Functions of a
Complex Variable. 12 18 03*

One of the following two subjects:
1806 Linear Algebra. 12. REST 18.02*

18 421J Algorithmic Algebra and Number
Theory, 12. 18 310*

Restricted Electives 48
Four additional Course 18 subjects from the following two
groups with at least one subject from each group'
Group I - Probability and Statistics, Combinatorics, Computer
Science

Group 1I - Numerical Analysis, Physical Mathematics, Fluid
Mechanics

Departmental Program units that also satisfy the GIRs (12)

Unrestricted Electives 84

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other. but not both

Notes on Course XVIII

CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'A list of acceptable subjects is available In Room 2-108.

*Alternate prerequisites are listed In the subject description.

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other institute requirements.

Applied mathematics is the mathematical study
of general scientific concepts, principles, and
phenomena that, because of their widespread
occurrence and application, relate or unify
various disciplines. The core of the program at
MIT concerns the following principles and their
mathematical formulations: propagation, equilib-
rium, stability, optimization, cybernetics, statis-
tics, and random processes. The undergraduate
program provides a general introduction to
most areas of applied mathematics and to
several specific areas for study in greater depth.

Sophomores interested in applied mathematics
typically survey the field by enrolling in 18.310
and 18.311 Principles of Applied Mathematics.
Subject 18.310, given only in the first term, is
devoted to the discrete aspects of the study
and may be taken concurrently with 18.03.
Subject 18.311, given only in the second term,
is devoted to continuous aspects and makes
considerable use of differential equations.

The subjects in Group I of the program corre-
spond roughly to those areas of applied mathe-
matics that make heavy use of discrete mathe-
matics, while Group 1I emphasizes those
subjects that deal mainly with continuous pro-
cesses. Naturally, there is a good deal of over-
lap: for example, such subjects as probability or
numerical analysis have both discrete and
continuous aspects. In general, students in the
applied mathematics option are encouraged to
acquire as good a background as possible in
both types of applied mathematics.

Students planning to go on to graduate work in
applied mathematics are also encouraged to
take some basic subjects in analysis and
algebra.

Bachelor of Science in Mathematics
Course XVII-Theoretical Mathematics
Option

CLASS OF 1997 or later See Notes on Course XVIII below.

General Institute Requirements (GIRs) Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement

Restricted Electives in Science and Technology (REST)
Requirement** [one subject can be satisfied by 18.03
or 18.034 in the Departmental Program]

Laboratory Requirement

5
8

3

1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in italics)
Required Subjects

18.03 Differential Equations. 12. REST 18.02*

or
18.034 Differential Equations. 12. REST 18.02*

18.100B Analysis I, 12 18.03*

One of the following two subjects:

18.101 Analysis 11, 12; 18.100B, 18.700*

18.103 Fourier Analysis -Theory and
Applications, 12 18.100B

plus
18.701 Algebra 1, 12

18.702 Algebra 11, 12 18.701

18.901 Introduction to Topology. 12 18.100B

Restricted Electives
An upper-level Mathematics Seminar' (12 units)

72

36

Two additional Course 18 subjects of essentially different
content, with the first decimal digit one or higher (24 units)

Departmental Program units that also satisfy the GIRs (12)

Unrestricted Electives 84

Total Units Beyond the GIRs Required for S.B. Degree 180

No subject can be counted both as pan of the 17-subject GIRs
and as pat of the 180 units required beyond the GIRs Every
subject in the student's departmental program will count toward
one or the other, but not both
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Bachelor of Science in Mathematics with
Computer Science

Notes on Course XViII Course XViII-C
CLASS OF 1997 or later: The Science Requirement Increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

'These seminars are 18.104, 18.504, 18.704, 18.904, and
18.994.

*Alternate prerequisites are listed in the subject description.

**The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other institute requirements.

Theoretical mathematics (or "pure" mathemat-
ics) is the study of the basic concepts and
structures that underlie the mathematical tools
used in science and engineering. Its purpose is
to search for a deeper understanding and an
expanded knowledge of mathematics itself.

Traditionally, pure mathematics has been classi-
fied into three general fields: analysis, which
deals with continuous aspects of mathematics;
algebra, which deals with discrete aspects; and
geometry. The undergraduate program is
designed so that students become familiar with
each of these areas. Students may also wish to
explore such other topics as logic, number
theory, complex analysis, geometry, and sub-
jects within applied mathematics.

The subject 18.100B Analysis I is basic to the
program. Since this subject is strongly proof-ori-
ented, many students find an intermediate
subject such as 18.06 Linear Algebra or 18.700
Linear Algebra useful as preparation.

The subject 18.701 Algebra I is more advanced
and should not be elected until the student has
had some experience with proofs (as in 18.100B
or 18.700).

CLASS OF 1997 or later: See Notes on Course XVIII-C below

General institute Requirements (GiRs) Subjects

Science Requirement

Humanities, Arts, and Social Sciences Requirement

Restricted Electives In Science and Technology (REST)
Requirement** [two subjects can be satisfied by 18,03
or 18 034 and 6.001 in the Departmental Program)

Laboratory Requirement

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites if any (corequisites in it3lics)
Required Subjects

Total Units Beyond the GiRs Required for S.B. Degree 186
No subject can be counted both as part of the 17-subject GIRs
and as part of the 186 units required beyond the GIRs. Every
subject in the student's departmental program will count toward
one or the other, but not both.

Notes on Course XViII-C
6 CLASS OF 1997 or later: The Science Requirement increases to
8 six subjects with the addition of Biology as a GIR, and the REST

Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

3 'A list of acceptable subjects Is available In Room 2-108.

*Alternate prerequisites are listed in the subject description.

"The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.

114 or 117
18.03 Differential Equations. 12, REST: 18.02*

or

18.034 Differential Equations. 12, REST 18.02*

18.310 Principles of Applied Mathematics 1, 12 18.02*

18.404J Theory of Computation, 12: 18.310*

6.001 Structure and Interpretation of Computer
Programs. REST; 15

6,034 Artificial Intelligence. 12; 6001

One subject from each of the following pairs:
18.410J Introduction to Algorithms, 12 6.001, 18.310*

or
18.414J Theory of Algorithms, 12, 18.06*, 18.310*

18.06 Linear Algebra, 12, REST, 18.02*
or

18.700 Linear Algebra, 12. REST' 18.02*

One of the following two sequences:

6.002 Circuits and Electronics, 15, REST 8.02*, 18.03*

6.004 Computation Structures, 15: 6,001, 6.002

or
6.170 Laboratory In Software Engineering, 15: 6 001

6.035 Computer Language Engineering, 12: 6.170

Restricted Electives 48

Four additional Course 18 subjects, including subjects from at
least three of the following areas: Algebra, Analysis, Logic,
Probability, Numerical Analysis, and Combinatorics'

Departmental Program units that also satisfy the GIRs (27)

Unrestricted Electives 48-51

1
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Graduate Study

Mathematics and computer science are close-
ly related fields. Problems in computer science
are often formalized and solved with mathemati-
cal methods. It is likely that the most important
problems currently facing computer scientists
will be solved by researchers skilled in algebra,
analysis, combinatorics, logic and/or probability
theory, as well as computer science.

The purpose of this program is to educate
students in precisely these areas. First, the
program provides a broad background in
mathematics, equivalent to that of the other
mathematics options, but emphasizing areas of
greatest application to computer science.

econd, it provides a solid core of education in
computer science, beginning with 6.001 Struc-
ture and Interpretation of Computer Programs,
and 6.034 Artificial Intelligence. These are
followed by either 6.002 Circuits and Electronics
and 6.004 Computation Structures, which
concentrate on the hardware aspects of com-
puter science, or by 6.170 Laboratory in Soft-
ware Engineering and 6.035 Computer Lan-
guage Engineerin , which concentrate on the
software aspects. he program is completed
with two advanced subjects, 18.404J Theory of
Computation and 18.414J Theory of Algorithms,
which provide an introduction to the most
mathematically intensive branches of computer
science.

Some flexibility is allowed in this program. For
instance, students may, with permission, substi-
tute 6.170 Laboratory in Software Engineering
for the recommended subject 6.034 Artificial
Intelligence, provided that they complete the
6.002-6.004 sequence and otherwise satisfy the
Institute's Science Distribution Requirement.
Similarly, students may, with permission, substi-
tute 18.063 Introduction to Algebraic Systems
for 18.310 Principles of Applied Mathematics,
and 18.701 Algebra I for 18.06 Linear Algebra.

Minor Program

The requirements for a Minor In Mathematics
are as follows:

Six 12-unit subjects in mathematics of
essentially different content, including at least
four advanced subjects (first decimal digit one
or higher).

For a general description of the Minor Program,
refer to Chapter 111.

Inquiries

Inquiries regarding academic programs may be
addressed to Joanne E. Jonsson, Under-
graduate Mathematics Office, Room 2-108, MIT,
Cambridge, MA 02139-4307, (617) 253-2416.

Additionally, the following information sheets are
available in Room 2-108:
What Math Subject Shall I Take?
Careers in Mathematics
Thinking of Majoring in Mathematics?

The department offers programs covering a
broad range of topics leading to the Doctor of
Philosophy and the Doctor of Science. Numer-
ous informal seminars, as well as a joint weekly
mathematics colloquium sponsored alternately
by MIT, Brandeis University, and Harvard Univer-
sity, supplement the subject offerings.

Candidates whose primary interest is in the field
of pure mathematics ordinarily take most of
their subjects in the department. In addition to
their advanced specialization, students are
encouraged to acquire breadth by taking basic
subjects in analysis, algebra, geometry, Lie
theory, logic, and topology. Candidates whose
primary interest is in applied mathematics are
expected to acquire breadth by taking subjects
in astrophysics, combinatorics, fluid dynamics,
theoretical physics, numerical analysis, statistics,
and/or the theory of computation. Students are
encouraged to study important aspects of one
or more engineering or scientific fields closely
related to research in applied mathematics.
Assistance or collaboration in problems in pure
or applied mathematics, which are being investi-
gated by members of the staff, may constitute
part of a graduate student's program.

Entrance Requirements for Graduate Study

Students are expected to have one year of
college-level natural science in addition to an
undergraduate mathematics program approxi-
mating that of mathematics majors at MIT
Students may enter the applied mathematics
program from any undergraduate field of con-
centration; however, special consideration is
given to students with a strong scientific back-
ground.

Doctor of Philosophy and Doctor of Science

The basic requirements for these degrees are
given in Chapter IV, and the details of the pro-

? ram are explained in a set of notes available
rom the department. The first stage is to take
subjects (normally 11 subjects totaling 132
hours of graduate credit) and to prepare for the
general qualifying examination. Doctoral candi-
dates are required to have a reading knowledge
of mathematical French, German, Italian, or
Russian.

For students in the pure mathematics program,
the oral part of the general examination covers
three areas chosen by the student in consulta-
tion with the Chairman of the Committee on
Graduate Students. One of the three areas is
examined in greater depth and normally be-
comes the field of specialization. The examiner
in this area normally becomes the thesis advisor.
The examination must be passed by the last day
of classes of the student's fourth semester.

For students electing the applied mathematics
program, the basic objective is a proper bal-
ance of specialization and diversity. By the end
of the first year of study, the degree candidate in
consultation with an advisor must submit a plan
of study for approval by the Applied Mathemat-
ics Committee. In addition to a list of subjects
related to the major field, this plan must include

the core curriculum, which assures familiarity
with the basic concepts of applied mathematics.
To ensure flexibility, programs are considered
individually.

The general oral examination in applied mathe-
matics, which tests the student's competence in
the area chosen for thesis research, should be
taken before the end of the second year of
full-time graduate study.

The Guideline of Study for Doctoral Candidates
in Applied Mathematics, which is distributed to
entering students, provides more complete
information on degree requirements, academic
standards, and financial support.
In either the pure mathematics or applied math-
ematics program, the student may officially
begin thesis research under the supervision of a
thesis advisor after successfully passing the
specific requirements set in the general exami-
nation. The thesis must represent original re-
search of high quality, done while a student at
MIT and is normally expected to be finished by
the end of the fourth year of graduate study.
Upon submitting the thesis the student must
pass an oral thesis examination.

Teaching and Research Assistantships

A limited number of fellowships and teaching
and research assistantships are available. Nor-
mally, entering students who have been offered
financial aid receive teaching assistantships.
These assistantships are renewed for students
who are progressing satisfactorily, so that they
are supported for a total of four years. Entering
students who have not been offered aid should
not expect aid in later years.

Inquiries

Additional information regarding academic or
research programs in mathematics, admissions,
or financial aid, may be obtained from Phyllis
Ruby, Graduate Mathematics Office, Room
2-233, MIT Cambridge, MA 02139-4307, (617)
253-2689.
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Department of Physics
(Course 8)

Faculty and Staff

Ernest J. Moniz, Ph.D.
Professor of Physics
Head, Department of Physics

Professors

Boris Altshuler, Ph.D.
Professor of Physics

Michel Baranger, Ph.D.
Professor of Physics
(On leave, fall))

Ulrich Justus Becker, Ph.D.
Professor of Physics

George Bekefi, Ph.D.
Professor of Physics

John Winston Belcher, Ph.D.
Professor of Physics

George Bernard Benedek, Ph.D.
Alfred H. Caspary Professor of Physics and
Biological Physics
(On leave, fall)

Ahmet Nihat Berker, Ph.D.
Professor of Physics

Aron Myron Bernstein, Ph.D.
Professor of Physics

William Bertozzi, Ph.D.
Professor of Physics

Robert J. Birgeneau
Cecil and Ida Green Professor of Physics
Dean, School of Science

Hale Van Dorn Bradt, Ph.D.
Professor of Physics

Bernard Flood Burke, Ph.D.
Professor of Physics
William A. M. Burden Professor of Astrophysics

Wit Busza, Ph.D.
Professor of Physics

Claude Roger Canizares, Ph.D.
Professor of Physics
Director, Center for Space Research

Min Chen, Ph.D.
Professor of Physics

George Whipple Clark, Ph.D.
Professor of Physics
Breene M. Kerr Professor

Bruno Coppi, Ph.D.
Professor of Physics

Mildred Spiewak Dresselhaus, Ph.D.
Institute Professor
Professor of Electrical Engineering and Physics

James Ludlow Elliott, Ph.D.
Professor of Astronomy and
Physics
Director, George R. Wallace, Jr.,
Astrophysical Observatory

Michael Stephen Feld, Ph.D.
Professor of Physics
Director, Spectroscopy Laboratory

Jerome Isaac Friedman, Ph.D.
Institute Professor
Professor of Physics

Jeffrey Goldstone, Ph.D.
Cecil and Ida Green Professor of Physics

Thomas John Greytak, Ph.D.
Professor of Physics

Lee Grodzins, Ph.D.
Professor of Physics

Alan Harvey Guth, Ph.D.
Victor F. Weisskopf Professor of Physics

Kerson Huang, Ph.D.
Professor of Physics

Roman Wladimir Jackiw, Ph.D.
Professor of Physics

Robert Loren Jaffe, Ph.D.
Professor of Physics

Ali Javan, Ph.D.
Francis Wright Davis Professor of Physics

John Dimitris Joannopoulos, Ph.D.
Professor of Physics

Kenneth Alan Johnson, Ph.D.
Professor of Physics

Paul Christopher Joss, Ph.D.
Professor of Physics

Marc Aaron Kastner, Ph.D.
Donner Professor of Science

Henry Way Kendall, Ph.D.
Julius A. Stratton Professor of Physics

Arthur Kent Kerman, Ph.D.
Professor of Physics

John Gordon King, Ph.D.
Francis Friedman Professor of Physics

Vera Kistiakowsky, Ph.D.
Professor of Physics

Daniel Kleppner, Ph.D.
Lester Wolfe Professor of Physics
Associate Director, Research Laboratory of
Electronics

George Fred Koster, Ph.D.
Professor of Physics

Stanley Benedict Kowalski, Ph.D.
Professor of Physics
Director, Bates Linear Accelerator Center

Patrick A. Lee, Ph.D.
William and Emma Rogers Professor of Physics

Walter Hendrik Gustav Lewin, Dr.Tech.Sci.
Professor of Physics

James David Litster, Ph.D.
Professor of Physics
Vice President and Dean for Research

Earle Leonard Lomon, Ph.D.
Professor of Physics
(On leave)

June Lorraine Matthews, Ph.D.
Professor of Physics

John William Negele, Ph.D.
William A. Coolidge Professor of Physics
Director, Center for Theoretical Physics

Louis Shreve Osborne, Ph.D.
Professor of Physics

Irwin Abraham Pless, Ph.D.
Professor of Physics

Miklos Porkolab, Ph.D.
Professor of Physics
Associate Director, Plasma Fusion Center

David Edward Pritchard, Ph.D.
Professor of Physics

Saul Alan Rappaport, Ph.D.
Professor of Physics

Robert Page Redwine, Ph.D.
Professor of Physics
Director, Laboratory for Nuclear Science

Lawrence Rosenson, Ph.D.
Professor of Physics

Paul Schechter, Ph.D.
Professor of Physics

Toyoichi Tanaka, D.Sc.
Professor of Physics

Samuel C. C. Ting, Ph.D.
Professor of Physics
Thomas Dudley Cabot Professor

Rainer Weiss, Ph.D.
Professor of Physics

Richard Kumeo Yamamoto, Ph.D.
Professor of Physics
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Associate Professors

Edmund W. Bertschinger, Ph.D.
Associate Professor of Physics
(On leave, fall)

Edward Henry Farhi, Ph.D.
Associate Professor of Physics

John M. Graybeal, Ph.D.
Associate Professor of Physics

Mehran Kardar, Ph.D.
Class of 1948 Associate Professor of Physics

Richard G. Milner, Ph.D.
Associate Professor of Physics

Simon Mochrie, Ph.D.
Associate Professor of Physics

John L. Tonry, Ph.D.
Associate Professor of Physics
(On leave, fall)

Jonathan S. Wurtele, Ph.D.
Associate Professor of Physics

Barton Zwiebach, Ph.D.
Class of 1922 Associate Professor of Physics

Assistant Professors

Raymond C. Ashoori, Ph.D.
Assistant Professor of Physics

Roger K. Brooks, Ph.D.
Assistant Professor of Physics

Jacqueline N. Hewitt, Ph.D.
Class of 1948 Assistant Professor of Physics

Xiangdong Ji, Ph.D.
Assistant Professor of Physics

Wolfgang Ketterle
Assistant Professor of Physics

Pawan Kumar, Ph.D.
Assistant Professor of Physics

Leonid Levitov, Ph.D.
Assistant Professor of Physics

Samir D. Mathur, Ph.D.
Assistant Professor of Physics

Craig Ogilvie, Ph.D.
Assistant Professor of Physics

Lisa J. Randall, Ph.D.
Assistant Professor of Physics

Leslie J. Rosenberg, Ph.D.
Assistant Professor of Physics

Paraskevas A. Sphicas, Ph.D.
Assistant Professor of Physics

Charles C. Steidel, Ph.D.
Assistant Professor of Physics

Xiao-Gang Wen, Ph.D.
Assistant Professor of Physics

Boleslaw Wyslouch, Ph.D.
Assistant Professor of Physics

Visiting Professor

Rochus Vogt, Ph.D.

Senior Research Scientists

Joseph Dennis Burger, Ph.D.

Thomas William Donnelly, Ph.D.

Thomas H. Dupree, Ph.D.

Simon Foner, D.Sc.
Associate Director, Francis Bitter National
Magnet Laboratory

Alan Jay Lazarus, Ph.D.

Paul David Luckey, Jr., Ph.D.

Earl S. Marmar, Ph.D.

Stephen Geoffrey Steadman, Ph.D.

Frank E. Taylor, Ph.D.

Richard Temkin, Ph.D.

William Ernest Turchinetz, Ph.D.

Claude Finley Williamson, Ph.D.

Senior Lecturers

Roshan Lal Aggarwal, Ph.D.
Jordan Kirsch, Ph.D.
Alan P Lightman, Ph.D.

Lecturer

George S.F. Stephans

Technical Instructors

Robert Mark Bessette
Eugene Michael diSalvatore, A.B.
Robert W. MacLeod
Guy F Pollard
David Robertson, B.S.
Thomas Joseph White, Jr.
Peter Yesley, B.S.

Administrative Officer

Elizabeth D. Cooper, Ed.D.

Financial Administrator

Janet Sahlstrom, M.Ed.

Graduate Administrator

Margaret Louise Berkovitz, M.Ed.

Undergraduate Administrator

TBA

Information Specialist

Isabel F. Cunha-Vasconcelos, B.S.

Stock Room Administrator

Theodore Coleman

Research Associates

Michael Otteson, Ph.D.
Jayanti Pande, Ph.D.

Professors Emeriti

William Phelps Allis, Sc.D.
Professor of Physics, Emeritus

Herbert Sage Bridge, Ph.D.
Professor of Physics, Emeritus

Eric Richard Cosman, Ph.D.
Professor of Physics, Emeritus

Peter Theodore Demos, Ph.D.
Professor of Physics, Emeritus

Martin Deutsch, Ph.D., Sc.D.
Professor of Physics, Emeritus

Harald Anton Enge, Dr.Phil.
Professor of Physics, Emeritus

Robley Dunglison Evans, Ph.D.
Professor of Physics, Emeritus

Herman Feshbach, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

Anthony Philip French, Ph.D.
Professor of Physics, Emeritus

Albert Gordon Hill, Ph.D.
Professor of Physics, Emeritus

Robert Inslee Hulsizer, Jr., Ph.D.
Professor of Physics, Emeritus

Karl Uno Ingard, Ph.D.
Professor of Aeronautics and Astronautics and
Physics, Emeritus

Personnel Administrator

M. Jennifer Walsh, B.A.



Department of Physics (Course 8) 255

Undergraduate Study

Benjamin Lax, Ph.D.
Professor of Physics, Emeritus

Francis Eugene Low, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

Philip Morrison, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

Stanislaw Olbert, Ph.D.
Professor of Physics, Emeritus

Bruno Benedetto Rossi, Ph.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

Clifford Glenwood Shull, Ph.D.
Professor of Physics, Emeritus

Malcom Woodrow Pershing Strandberg, Ph.D.
Professor of Physics, Emeritus

Laszlo Tisza, Ph.D.
Professor of Physics, Emeritus

George Edward Valley, Ph.D.
Professor of Physics, Emeritus

Felix Marc Hermann Villars, D.Sc.
Professor of Physics, Emeritus

Victor Frederick Weisskopf, Ph.D., Sc.D.
Institute Professor, Emeritus
Professor of Physics, Emeritus

Peter Adalbert Wolff, Ph.D.
Professor of Physics, Emeritus

James Edward Young, Ph.D.
Professor of Physics, Emeritus

The Department of Physics offers under-
graduate, graduate, and postgraduate training,
with a wide range of options for specialization.

The emphasis of both the undergraduate curric-
ulum and the graduate programs is on under-
standing the fundamental principles that appear
to govern the behavior of the physical world,
from phenomena in the small-scale domain of
subatomic particles to the large-scale structure
of the universe, spanning a spatial range
stretching from 10-18 m to 1026 m. At each level
of structural organization, active and exciting
areas of investigation abound. Topics range
from the basic constituents of matter, atomic
and nuclear structure, through thermonuclear
plasmas, physics at extremely low temperatures
or extremely high pressures, to the evolution of
stars, the large-scale structure of the universe,
and the mystery of gravity.

The department has extensive facilities for
experimental research, as described in the
section on graduate study. Many of these are
accessible to interested undergraduates in the
context of the Undergraduate Research Oppor-
tunities Program (UR P). Students are encour-
aged to enrich their curriculum by taking advan-
tage of this opportunity.

Bachelor of Science in Physics
Course Vill

An undergraduate degree in physics provides a
good basis not only for graduate study in phys-
ics and related fields, but also for professional
work in such fields as astronomy, biophysics,
engineering and applied physics, and geophys-
ics. Many students have also found the degree
to be excellent preparation for subsequent
graduate work in professional schools of medi-
cine, law, and management. The undergraduate
curriculum in physics offers students the oppor-
tunity to acquire basic competence in the
fundamentals of both experimental and theoreti-
cal physics. The central core of requirements for
the Bachelor of Science is designed not only to
accomplish this objective but also to provide an
opportunity for students to select from a consid-
erable variety of subjects and to proceed at the
pace and degree of specialization best suited to
their individual capabilities.

In the second year, a student is first exposed to
8.04 Quantum Physics I and 8.044 Statistical
Physics 1. Important skills for experimentation in
physics may be acquired by taking a project
laboratory such as 8.11/8.12 Project Labs or
8.287J Observational Techniques of Optical
Astronomy. In order to acquire a familiarity with
some topics in electrical engineering, students
should consider taking 6.071 Introduction to
Electronics or 6.002 Circuits and Electronics.

In the third year, students normally take 8.13
and 8.14 Experimental Physics and 8.05 Quan-
tum Physics 11. Students should also begin to
sign up for the restricted elective subjects, two
in mathematics and at least one in physics. The
subjects 18.04 Complex Variables with Applica-
tions (or 18.075 Advanced Calculus for Engi-
neers) and 18.06 Linear Algebra are of particular
interest to physics majors. Students planning to
do graduate work should begin the theoretical
physics sequence, starting with 8.06 Mechanics
11 in the second term of their junior year. A
variety of topical elective subjects in astrophys-
ics, condensed matter, plasma and atomic
physics, as well as nuclear and particle physics,
allows the student to obtain a closer acquain-
tance with these fields.

In the fourth year, the theoretical sequence can
be continued with 8.07 Electromagnetism 11 and
8.08 Statistical Physics 11. Students intending to
continue with graduate studies in physics are
encouraged to take both parts of this theoretical
physics sequence.

Overview
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Bachelor of Science In Physics
Course Vill

CLASS OF 1997 or later: See Notes on Course Vill below

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities. Arts, and Social Sciences Requirement 8

Restricted Electives in Science and Technology (REST)
Requirement* [two subjects can be satisfied by 8.03
or 8.04 and 18.03 or 18 034 In the Departmental Program]' 3

Laboratory Requirement
2 

(satisfied by 6.13 or 8.14 in the
Departmental Program] 1

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units, and by
prerequisites it any (corequisites in italics)
Required Subjects 108

8.03 Physics i11 12. REST 8.02*, 18.02

1803 Differential Equations. 12, REST 18 02*

or

18034 Differential Equations. 12. REST 18.02*

8.04 Ouantum Physics I, 12, REST 8 03*. 18 03

8.044 Statistical Physics 1, 12; 8.03, 18.03

805 Ouantum Physics 11. 12; 8 04*

8.13 Experimental Physics 1. 18. LAB. 8.04

8.14 Experimental Physics 11, 18, LAB, 8 04. 8.05

Thesis' (12 units)

Restricted Electives 36

Two subjects given by the Department of Mathematics
beyond 18 03 (24 units)

At least one subject given by the Department of Physics in
addition to those listed above

4 
(12 units)

Departmental Program units that also satisfy the GIRs (36)

Unrestricted Electives 72

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GiAs Every
subject in the student's departmental program will count toward
one or the other, but not both

Notes on Course Vill

CLASS OF 1997 or later The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

Students may find it advantageous to elect 6.071 Introduction
to Electronics or 6.002 Circuits and Electronics In the second
term of the second year to complete the REST Requirement.

28.11. 8.12, 8.13, 8.14. and 8.287J all satisfy the General
Institute Laboratory Requirement.
3
A thesis of 12 units is required. Not more than 30 units of thesis

credit may be included In the minimum of 180 units required for
the S.B. degree beyond the General institute Requirements.
4
Catalogue descriptions indicate subjects which cannot be

used for this purpose. Students planning to do graduate work in
physics would normally take the theoretical sequence 8.06,
8.07, and 8.08

*Alternate prerequisites are listed in the subject description.

*The REST Requirement was formerly called the Science
Distribution Requirement. See Chapter III for further details on
this and other Institute requirements.

An important component of the physics pro-
gram is the undergraduate thesis, which is a
physics or physics-related project carried out
under the guidance of a faculty member. Many
thesis projects in the recent past have grown
out of the Undergraduate Research Opportuni-
ties Program. Students should have some idea
of a thesis topic by the middle of their junior
year; they are required to submit a thesis pro-
posal no later than Add Date of the first semes-
ter of their senior year. The thesis proposal must
be submitted prior to registering for Undergrad-
uate Physics Thesis. In order to introduce
students to the research activities in the depart-
ment, undergraduate physics colloquia are held
weekly.

A relatively large amount of elective time usually
becomes available during the fourth year and
can be used effectively in a variety of ways, in
physics or in other subjects

Physics with Electrical Engineering
Vill-A Program

This program, offered in cooperation with the
Department of Electrical Engineering and Com-
puter Science, is designed for students who
wish to supplement the regular physics curricu-
lum with intensive study in the field of electrical
engineering. Students completing this program
receive the degree of Bachelor of Science in
Physics and a letter from both participating
departments certifying successful completion of
this program.

The program should be of particular interest to
physics majors who wish to broaden their
career options after receiving the bachelor's
degree and to those who plan graduate work in
experimental physics. Students acquire a thor-
ough foundation in both the theory and applica-
tion of analog and digital electronic systems.

To receive certification, a student must complete
the following subjects in addition to the required
subjects in the regular physics program (note
that all required subjects can be completed
within the General Institute Requirements for the
S.B. degree):

6.001

6.002
6.003
6.012
8.07

Structure and Interpretation of
Computer Programs
Circuits and Electronics
Signals and Systems
Electronic Devices and Circuits
Electromagnetism 11

Depending upon career objectives, a student
may wish to fulfill the General Institute Laborato-
ry Requirement by taking 6.111 Introductory
Digital Systems Laboratory.

Minor Program

The Minor in Physics provides a solid founda-
tion for the pursuit of a broad range of profes-
sional activities in science and engineering.
Students receive an introduction to the
four main areas of undergraduate physics, i.e.,
classical mechanics, electricity and magnetism,
quantum physics, and statistical mechanics, in
addition to a rigorous physics laboratory experi-
ence. Preparation for graduate study in physics
typically requires additional advanced subjects
in physics.

The requirements for a Minor in Physics are as
follows:

8.03, 8.04, 8.044, 8.13 or 8.14, 18.03,
12 additional units of subjects taught by the
Department of Physics.

For a general description of the Minor Program,
refer to Chapter I1.
inquiries

Additional information concerning degree
programs and research activities may be ob-
tained by writing to Professor Hale Bradt, Phys-
ics Undergraduate Office, Room 4-352, MIT,
Cambridge, MA 02139-4307, (617) 253-4841.

I
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Graduate Study

The department offers programs leading to the
degrees of Master of Science in Physics, Doctor
of Philosophy, and the Doctor of Science.

Master of Science in Physics

The requirements for the Master of Science in
Physics are the General Institute Requirements
listed in Chapter IV. The master's thesis must
represent a piece of independent research work
in any of the fields described below, and must
be carried out under the supervision of a de-
partment faculty member. No fixed time is set
for the completion of a master's program; two
years of work is a rough guideline. There is no
language requirement for this degree.

Doctor of Philosophy and Doctor of Science

Candidates for the Doctor of Philosophy or
Doctor of Science are expected to enroll in
those basic graduate subjects that prepare
them for the General Examination, which must
be passed no later than in the sixth term after
initial enrollment. No specific subjects of study
are prescribed, except for the requirement of
two subjects outside the candidate's field of
specialization (breadth requirement). There is no
language requirement. The doctoral thesis must
represent a substantial piece of original re-
search, carried out under the supervision of a
department faculty member.

The department faculty offer subjects of instruc-
tion and are engaged in research in a variety of
fields in experimental and theoretical physics.
This broad spectrum of activities is organized in
the divisional structure of the department,
presented below. Graduate students are encour-
aged to contact faculty in the division of their
choice to inquire about opportunities for re-
search, and to pass through an apprenticeship
(by signing up for Special Problems in Graduate
Physics) as a first step toward an engagement
in independent research for a doctoral thesis.

Research Divisions

The Astrophysics Division of the department
has a varied program of instrument develop-
ment and ground-based and satellite observa-
tions across the entire electromagnetic
spectrum, with principal emphasis on the radio,
optical, and X-ray bands. Theoretical work
emphasizes high energy phenomena, stellar
evolution, galactic structure, and cosmology.
Other areas of study include interplanetary and
astrophysical plasmas, gravitational radiation,
and the cosmic microwave background.
Because of the strongly interdisciplinary and
interdepartmental character of work in astro-
physics, a fuller description appears in the
section in Chapter VI entitled Astronomy and
Astrophysics.

Research activities in the Division of Nuclei
and Particles include the broad fields of
nuclear reaction and heavy ion physics,
intermediate-energy nuclear structure physics,
and high-energy fundamental particle physics.
The experimental research in these areas is
based on MIT's 1 GeV Bates Linear Accelerator
and on the accelerators at Brookhaven National
Laboratory, the Fermi National Accelerator
Laboratory in Batavia, Illinois, the Stanford
Linear Accelerator, CERN (Geneva), the
electron-positron collider at DESY
(Hamburg, Germany), and the Gran Sasso
underground laboratory at Frascati (Italy).

The large and dynamic program in Condensed
Matter, Atomic, and Plasma Physics provides
students with a wide spectrum of research
opportunities. Current topics in condensed
matter include electron transport and critical
phenomena in one, two, and three dimensions
and high temperature superconductivity. Atomic
physics in the division involves ultra-high
resolution laser spectroscopy, the trapping and
cooling of atoms with lasers, and manifestations
of quantum chaos. There are strong plasma
programs in magnetically confined fusion and
free electron lasers. Several faculty are applying
the techniques of modern physics to current
problems in medicine and biology. Extensive
facilities are available on campus for the
preparation and characterization of advanced
materials and for work with high magnetic fields,
low temperatures, and sub-micron structures.
Scattering studies are being carried out at the
high flux neutron reactor and the synchrotron
light source at Brookhaven National Laboratory.

The chief emphasis of the Nuclear and Particle
Theory research at the Center for Theoretical
Physics is on understanding the fundamental
particles of nature, as revealed by their interac-
tions and by their decay, and on the characteris-
tic quantum modes of motion of systems com-
posed of strongly interacting particles such as
atomic nuclei. Work is also conducted on
theoretical astrophysics as well as on the prop-
erties of other forms of matter. In all of this
research, close contact is maintained with
experimentalists, both within MIT and elsewhere.

The Center for Theoretical Physics houses a
fairly large group of theorists including profes-
sional staff, postdoctoral fellows, senior visitors,
and graduate students engaged in research in
theory. Opportunities for communication and
collaboration are maximized within the center;
lively interaction among the many specialists in
the various areas of interest is characteristic of
this MIT group and is one of the major sources
of the center's strength.

Much of the research in the department is
carried out as part of the work of various inter-
departmental laboratories and centers, including
the Laboratory for Nuclear Science, Research
Laboratory of Electronics, Spectroscopy Labora-
tory, Center for Materials Science and Engineer-
ing, Center for Space Research, Bitter National
Magnet Laboratory, Microsystems Technology
Laboratories, Plasma Fusion Center, and the
Program on Sciences and Technology and
International Security. These facilities, most of
which are described in Chapter VI, provide
close relationships among the research activities
of a number of MIT departments and give
students opportunities for contact with research
carried out in disciplines other than physics.

Entrance Requirements for Graduate Study

Students intending to pursue graduate work in
physics should have as a background the
equivalent of the requirements for the Bachelor
of Science in Physics from MIT However, stu-
dents may make up some deficiencies over the
course of their graduate work.

inquiries

Additional information on degree programs,
research activities, admissions, financial aid,
teaching and research assistantships may be
obtained by writing to Professor George F
Koster, Physics Graduate Office, Room 6-107,
MIT, Cambridge, MA 02139-4307, (617)
253-4851.
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Faculty and Staff
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In 1977, MIT established the Whitaker College of
Health Sciences and Technology to provide a
major academic and administrative focus for the
extensive development of health-related activi-
ties at the Institute. The College represents a
major commitment by MIT to marshal its re-
sources and strengths in science and engineer-
ing in order to foster progress in the biological
and health sciences and to improve the quality
of health care.

The concept of Whitaker College derives from
MIT's belief that biomedical and health-related
problems are complex in nature and require the
combined efforts of a wide range of disciplines
for their ultimate solution. These disciplines
include not only biology and chemistry, but also
physics, mathematics, various branches of
engineering, and computer science. Faculty
members involved in the educational and
research programs of Whitaker College hold
joint appointments in the College and in other
Schools, departments, and interdisciplinary
laboratories at MIT The Director of Whitaker

il
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College is David Litster, Professor of Physics,
Vice President and Dean for Research.

In defining the programmatic objectives of Whi-
taker College, MIT has sought to identify the
fields in which the College can play an especial-
ly effective role by developing new activities,
fortifying existing programs, and amplifying op-
o rtunities for faculty members and students.
he College has identified four intellectual foci,

which now serve as the basis for its divisions.
These are the Department of Brain and Cogni-
tive Sciences, a program in Biological Imaging
and Computation, the Division of Toxicology,
and the Center for Environmental Health
Sciences. There are several graduate programs
in the College. The Department of Brain and
Cognitive Sciences has Ph.D. programs in neu-
roscience, computation, and cognition. The pro-
gram in Biological Imaging and Computation is
linked with the Ph.D. in Radiological Sciences in
the Department of Nuclear Engineering. The
Division of Toxicology offers a graduate program
leading to the degrees of Ph.D., Sc.D. and S.M.
in Toxicology.

James David Litster
Professor of Physics
Vice President and Dean for Research
Director, Whitaker College of Health Science
and Technology

Jacquelyn Ciel Yanch, Ph.D.
Assistant Professor of Nuclear Engineering
Department of Nuclear Engineering
Director, Biomedical Imaging and Computation
Laboratory

Professors

Gordon L. Brownell, Ph.D.
Professor of Nuclear Engineering, Emeritus
Department of Nuclear Engineering

Monty Krieger, Ph.D.
Professor of Molecular Genetics
Department of Biology

Robert Samuel Langer, Sc.D.
Germeshausen Professor of Chemical and
Biochemical Engineering
Department of Chemical Engineering

Robert Daniel Rosenberg, M.D., Ph.D.
Professor of Medicine and Biology
Department of Biology

Derek Rowell, Ph.D.
Professor of Mechanical Engineering
Department of Mechanical Engineering

Administrative Staff

Vera J. Ballard, B.A., C.S.S.
Assistant Director for Finance and
Administration

Robert W. Coate, B.S.
Facilities Officer

Emil J. Seaman, M.S.
Systems Manager

Leonardo C. Topa, Ph.D.
Director of Computing
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Division of Toxicology
(rox)

Faculty and Staff Overview

Gerald Norman Wogan, Ph.D.
Underwood-Prescott Professor of Toxicology
Professor of Chemistry
Director, Division of Toxicology
Department of Chemistry

Professors

John Martin Essigmann, Ph.D.
Professor of Chemistry
Professor of Toxicology
Division of Toxicology
Department of Chemistry

James G. Fox, D.V.M.
Professor and Director, Division of Comparative
Medicine
Division of Toxicology

Steven Robert Tannenbaum, Ph.D.
Professor of Chemistry
Professor of Toxicology
Registration and Admissions Officer
Division of Toxicology
Department of Chemistry

William G. Thilly, Sc.D.
Professor of Applied Biology
Division of Toxicology
Director, Center for Environmental Health
Sciences
Professor of Civil Engineering

Associate Professor

Helmut Zarbl, Ph.D.
Associate Professor of Toxicology
Division of Toxicology

Assistant Professor

Peter C. Dedon, M.D., Ph.D.
Assistant Professor of Toxicology
Division of Toxicology

David B. Schauer, D.VM., Ph.D.
Assistant Professor of Toxicology
Division of Toxicology

Principal Research Scientists

Paul L. Skipper, Ph.D.
John Sherman Wishnok, Ph.D.

Research Scientists

W. Sara Gardiner-Stillwell, Ph.D.
Fayad Z. Sheabar, Ph.D.

Research Affiliates

John D. Groopman, Ph.D.
Gerald McMahon, Ph.D.

Postdoctoral Associates

William Y Boadi, Ph.D.
Hong Ji, Ph.D.
Rasoul Kerdar Sedaghat, Ph.D.
Snait Tamir, Ph.D.
Li Yu, Ph.D.

Postdoctoral Fellows

Mohammad B. Bahramian, Ph.D.
Teresa C. de Rojas-Walker, Ph.D.
Judith Freeman, Ph.D.
Benoit Houle, Ph.D.
Marlene Juedes, Ph.D.
Dipti B. Mathur, Ph.D.
Marjorie Solomon, Ph.D.
Susan Verghis, Ph.D.

Visiting Scientists

Zhuang Jin, M.S.
Bo Jonsson, Ph.D.
Ivana Velic, Ph.D.

Lecturer

Laura C. Green, Ph.D.

Administrator for Academic Programs

Debra A. Luchanin, Ed.M.

Administrative Officer

Rolanda L. Dudley, M.B.A.

Additional faculty and staff in the Whitaker
College are listed with the Department of Brain
and Cognitive Sciences on the following page.

Doctoral Program in Toxicology

In its teaching and research endeavors, the
graduate program in toxicology is focused on
understanding how the interactions of organ-
isms with chemical and physical agents in the
environment induce toxicity and pathogenesis,
with the goal of understanding the origins of
genetic disease in humans. The program is
designed to be interdisciplinary in nature and to
interact with other programs and departments
that have an interest in human pathophysiology
and environmental problems. Many of the
research activities are coordinated through the
Center for Environmental Health Sciences.

The core curriculum of the program is designed
to provide rigorous training in the basic
sciences, with particular emphasis on chemistry,
biochemistry, molecular biology, genetics,
toxicology, and pharmacology. Students receive
preparation for careers involving the application
of modern methods of chemical, molecular,
biological, and genetic analysis to risk
assessment in the chemical, biotechnological,
pharmaceutical, food, and nuclear industries.
Faculty members are drawn from a wide range
of disciplines. The members of the program
also form the nucleus for the MIT Center for
Environmental Health Sciences.

The Division of Toxicology offers a raduate
program leading to the degrees of Ph.D., Sc.D.,
and S.M. in Toxicology. Curricula are arranged
to permit flexibility, and opportunities exist for
interdisciplinary training. Upon admission,
students are encouraged to select a research
advisor in order to begin research toward a
thesis in an area of specialization. The first two
regular terms are spent mainly in coursework.
Doctoral examinations, both written and oral,
must be taken no later than the fourth semester
of full-time graduate study. Thesis research
normally requires two to three years of full-time
research activity after the examinations are
successfully completed.

Areas of research specialization within the
program include studies in environmental
carcinogenesis, development of molecular
methods for direct measurement of muta-
genesis in humans, metabolism of foreign
compounds, genetic toxicology, the molecular
aspects and dosimetry of interactions between
mutagens and carcinogens with nucleic acids
and proteins, molecular mechanism of DNA
damage and repair, design and mechanism of
action of chemotherapeutic agents, molecular
mechanisms of carcinogenesis, molecular
biology of oncogenes, cell physiology, and
molecular and pathologic interactions between
infectious microbial agents and carcinogens.

For additional information contact the Student
Office, MIT, Room 16-330, Cambridge, MA,
02139-4307, (617) 253-1712.
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Department of Brain
and Cognitive Sciences
(Course 9)

Faculty and Staff

Emilio Bizzi, M.D.
Eugene McDermott Professor in the Brain
Sciences and Human Behavior
Head of the Department

Professors

Richard Alan Andersen, Ph.D.
Professor of Neuroscience

Robert Cregar Berwick, Ph.D.
Professor of Computational Linguistics
CoDirector, Center for Biological and
Computational Learning

Susan E. Carey, Ph.D.
Professor of Experimental Psychology

Stephan Lewis Chorover, Ph.D.
Professor of Psychology

Suzanne Corkin, Ph.D.
Professor of Psychology

Ann Martin Graybiel, Ph.D.
Professor of Neuroanatomy

Alan Hein, Ph.D.
Professor of Experimental Psychology

Neville Hogan, Ph.D.
Professor of Mechanical Engineering

Nelson Yuan-Sheng Kiang, Ph.D.
Eaton-Peabody Professor of Communication
Sciences

Steven Pinker, Ph.D.
Professor of Psychology
Codirector, Center for Cognitive Sciences

Tomaso Armando Poggio, Ph.D.
Uncas and Helen Whitaker Professor of Vision
Sciences and Biophysics
Codirector, Center for Biological and
Computational Learning

Mary Crawford Potter, Ph.D.
Professor of Psychology

Marc H. Raibert, Ph.D.
Professor of Computer Science and
Engineering

Whitman Albin Richards, Ph.D.
Professor of Psychophysics

Peter Harkai Schiller, Ph.D.
Dorothy W. Poitras Professor in Medical
Engineering and Medical Physics

Gerald Edward Schneider, Ph.D.
Professor of Neuroscience

Mriganka Sur, Ph.D.
Professor of Neuroscience

Shimon Ullman, Ph.D.
Professor of Psychology

Kenneth N. Wexler, Ph.D.
Professor of Psychology and Linguistics

Richard Jay Wurtman, M.D.
Professor of Neuropharmacology
Director, Clinical Research Center

Associate Professors

Edward H. Adelson, Ph.D.
Associate Professor of Visual Sciences

Christopher Granger Atkeson, Ph.D.
Associate Professor of Motor Control

Michael I. Jordan, Ph.D.
Associate Professor of Psychology
Class of 1947 Career Development Chair

Arthur Douglas Lander, Ph.D., M.D.
Edward J. Poitras Associate Professor in Human
Biology and Experimental Medicine

William G. Quinn, Ph.D.
Associate Professor of Neurobiology

Hermann Steller, Ph.D.
Associate Professor of Neurobiology
Assistant Howard Hughes Medical Institute
Investigator

Lecturers

Jerrold Bernstein, M.D.
Jan Blusztajn, Ph.D.
David Caplan, M.D., Ph.D.
Lydia Conlay, M.D., Ph.D.
John Growdon, M.D.
Timothy J. Maher, Ph.D.

Visiting Professors
Ellen Hildreth, Ph.D.
Jeremy Wolfe, Ph.D.

Visiting Scholars/Scientists

Alice Cronin-Golomb, Ph.D.
William Dietz, M.D., Ph.D.
Carlotta Domenicone, M.S.
Anna Esposito M.S.
Rhea Diamond Gendzier, Ph.D.
Harris Lieberman, Ph.D.
Yoshihisha Osada, M.S.
Shinsuke Simojo, Ph.D.
Brigitte Stricanne, M.S.
Jeffrey Sutton, M.D.

Visiting Lecturer

Donald L. Schomer, M.D.

Technical Instructors

Henry Hall, S.B.
Diane Major, S.B., A.S.C.P

Principal Research Scientists

Joseph Aloysius Bauer, Jr., M.S.
Sonal Jhaveri, Ph.D.
Ferdinando Mussa-Ivaldi, Ph.D.

Research Associates/
Engineers/Scientists

Benjamin Morgan Dawson, Ph.D.
Reha S. Erzurumlu, Ph.D.
Simon Giszter, Ph.D.
Jane Gwiazda, Ph.D.
Ning Qian, Ph.D.
Barbara Ellen Slack, Ph.D.
Judith Hirschhorn Wurtman, Ph.D.

Postdoctoral Associates/Fellows

John Abrams, Ph.D.
Toshihiko Aosaki, M.D., Ph.D.
Karl Frederick Arrington, Ph.D.
Sabina Berretta, M.D.
Mikhail Bogdanov, Ph.D.
David Bradley, Ph.D.
Dong Feng Chen, Ph.D.
Francisco Clasca, M.D., Ph.D.
David Cohn, Ph.D.
Karina Cramer, Ph.D.
Philippe Damier, M.D.
Enrico DeMicheli, M.D.
Ashraf EI-Bohy, M.D./Ph.D.
Bulent Elibol, M.D.
Steven Farber, Ph.D.
Elisabeth Folkers, Ph.D.
Federico Girosi, Ph.D.
Noboru Hiroi, Ph.D.
Diane Hoffman, Ph.D.
Debra Jared, Ph.D.
Peggy Jo Jennings, Ph.D.
Jesus Jimeniz, Ph.D.
Hiroaki Kawasaki, M.D.
Victor Lamme, Ph.D.
Changying Ling, Ph.D.
Fu-Chin Liu, Ph.D.
David Marshall, Ph.D.
Farzana Masood, Ph.D.
Rosario Moratalla, Ph.D.
Sacha Nelson, M.D., Ph.D.
Roger Nitsch, M.D.
U. Ingrid Richardson, Ph.D.
Monica Rocha, D.V.M.
Arnoldus Roelofs, Ph.D.
Philippe Saltiel, M.D., Ph.D.
Vahide Savci, M.D., Ph.D.
Stefan Schaal, Ph.D.
Judith Schotland, Ph.D.
Philippe Schyns, PhD
Reza Shadmehr, Ph.D.
Amnon Shashua, Ph.D.
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Overview

Cathy Shea, Ph.D.
Santinder Pal Singh, Ph.D.
Lawrence Snyder, M.D., Ph.D.
Greg Solomon, Ph.D.
David Somers, Ph.D.
Chenchal Rao Subraveti, Ph.D.
Edward Tehovnik, Ph.D.
Rosalind Thornton, Ph.D.
Sebastian Toelg, Ph.D.
Stefan Treue, Ph.D.
Michael Ullman, Ph.D.
Kristin White, Ph.D.
Daniel Wolpert, Ph.D.
Irina Zhadnova, M.D., Ph.D.

Administrative Staff

Janice Ellertsen
Academic Administrator

Andrea Hatch
Administrative Officer

Maria T Heyward
Assistant to the Chairman

Judith Rauchwarger, Ph.D.
Personnel Administrator

Professor Emeritus

Walle Jetze Harinx Nauta, M.D., Ph.D.
Institute Professor, Emeritus

Richard Held, Ph.D.
Professor Emeritus
Senior Lecturer

The study of mind, brain, and behavior has
grown in recent years with unforeseen rapidity.
New avenues of approach, opened by develop-
ments in the biological and computer sciences,
raise the hope that human beings, who have
achieved considerable mastery over the world
around them, may also come closer to an
understanding of themselves. The goal of the
Department of Brain and Cognitive Sciences is
to answer fundamental questions concerning
the nature of brain function and intelligence. To
this end, the department focuses on four
themes: neurobiology, neuroscience, computa-
tion, and cognition.

Research in neurobiology deals with the biology
of neurons, emphasizing the special properties
of neurons as encoders, transmitters, and
processors of information. A detailed under-
standing of neuronal structure and functions
requires application of the techniques of con-
temporary molecular, cellular, and developmen-
tal biology. Application of these technologies is
leading to new understandings of the underly-
ing functions of the brain and other components
of the nervous system. In addition, these studies
have profound clinical implications, in part by
generating a framework for the treatment of
neurological and psychiatric disorders. Primary
areas of interest include the development of
neuronal morphology and connectivity, the
cellular and molecular bases of behavior in
simple neuronal circuits, neurochemistry, and
cellular physiology.
In the area of systems neuroscience, depart-
mental investigators use a number of new
approaches ranging from computation through
electrophysiology to biophysics. Of major
interest are the visual and motor systems where
the scientific goals are to understand transduc-
tion and encoding of sensory stimuli into nerve
messages, organization and development of
sensory-motor systems, processing of sensory-
motor information, and the sensory-
motor performance of organisms. Also of major
interest is neural and endocrine regulation,
where the scientific goal is to understand the
effects of circulating compounds on brain
composition and behavior.

In computational neuroscience, a particularly
strong interaction exists between the depart-
ment and the Artificial Intelligence Laboratory,
providing new intellectual thrust in a number of
areas in the neural and cognitive sciences
including vision and motor control. Computa-
tional theories are developed and tested within
the framework of neurophysiological, psycho-
logical, and other experimental approaches. In
vision research, in addition to theoretical work
aadressing problems that any visual system
must solve, there is complementary experimen-
tal work on the electrophysiology of visual cells
at various relay stations and on the development
of patterned vision and stereopsis. Work on
motor control is also strongly interdisciplinary.
Basic research activities include studying the
relationships between multiple sensory inputs
and complex motor outputs.

In cognitive science, human experimentation is
combined with formal and computational analy-
ses to understand complex intelligent processes
such as language, reasoning, and visual infor-
mation processing. Such research is beginning
to answer age-old questions about the nature of
mind and has applications in the fields of edu-
cation, artificial intelligence, human-machine
interaction, and in the treatment of language,
cognitive, and other disorders. Cognitive sci-
ence research is focused on psycholinguistics,
including sentence and word processing,
language acquisition, and aphasia; visual cogni-
tion, including reading, imagery, attention, and
perception of complex patterns such as faces
and objects: and reasoning, including learning,
probabilistic reasoning, and the nature and
development of concepts. In the field of percep-
tion, there is an effort to understand the encod-
ing of color, lightness, form, and depth informa-
tion by the visual system and the development
of these processes in infants. In behavioral
neuroscience, research is conducted on neuro-
logically impaired patients in an attempt to
understand brain mechanisms underlying
normal human sensation, perception, cognition,
action, and affect.

Departmental laboratories are well equipped for
studies ranging from molecular neurobiology to
electrophysiology, neuropsychology, psycho-
physics, human information processing, and
linguistics. In addition, the department maintains
a machine shop, an electronics shop, and the
Teuber Reading Room. Whitaker College main-
tains state-of-the-art computer facilities. The
multi-user laboratory of the Center for Cognitive
Science provides computational facilities for
real-time experimental control, data analysis,
modeling, and linguistic analysis. There is an
electron microscopy laboratory which is oper-
ated jointly with the Whitaker College and the
Department of Biology, as well as a new depart-
mental laboratory equipped for video and
confocal fluorescence microscopy. Researchers
whose investigations involve human subjects
have access to MIT's Clinical Research Center.
Students and faculty may also use the facilities
of other MIT departments and centers.
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Undergraduate Study

Subjects at the undergraduate level normally
begin with 9.00 Introduction to Psychology or
9.62J Introduction to Cognitive Science. More
advanced subjects are available in the areas
covered by the department. For all undergradu-
ates, many subjects may be taken to fulfill the
Institute's Humanities, Arts, and Social Sciences
Requirement. Students interested in developing
strong backgrounds in cognitive science should
consider the Bachelor of Science in Cognitive
Science.

Psychology

The field of psychology is represented at MIT by
an interdisciplinary Program in Psychology in
the School of Humanities and Social Science.
The Program in Psychology encompasses
subjects from the Department of Brain and
Cognitive Sciences, Sloan School of Manage-
ment, History Section in the Department of
Humanities, Program in Science, Technology,
and Society, and others. It administers a H ASS
Concentration and Minor in Psychology. For
information about the concentration or other
aspects of the program, contact Professor Alan
Hein, Room E10-008, (617) 253-0482.

The Minor Program in Psychology consists of
six subjects arranged into three levels of study
that provide students breadth in the field as a
whole and some depth in one area of special-
ization. The three levels are as follows.

TIER I: One subject

9.00 Introduction to Psychology

TIER II: Three subjects, one from each of the
following areas

Experimental Psychology
Personality and Social Psychology
Applied Psychology

TIER Ill: Two subjects from one of the following
areas

Experimental Psychology
Personality and Social Psychology
Applied Psychology

For a listing of available subjects in these areas,
consult the HASS Office, Room 14N-408, the
Undergraduate Psychology Office, Room
E10-008. or Psychology Program Coordinator
Professor Alan Hein, Room E10-008, (617)
253-0482.

Bachelor of Science In Cognitive Science
Course IX

Cognitive science is an evolving field of study
concerned with human intelligence. Central
issues in the discipline include the structure,
acquisition, use, and internal representation of
human language, the interpretation of sensory
experience, the development of formal and
informal reasoning skills, the manipulation and
storage of information within the nervous sys-
tem, and the planning and execution of motor
activity.

The Bachelor of Science in Cognitive Science
prepares students for graduate training in
psychology, linguistics, philosophy, or aspects
of artificial intelligence (particularly those as-
pects concerned with vision) as well as for
further work in the area of efficient human-
machine interaction.

Methods of inquiry in cognitive science are
drawn from cognitive and perceptual psycholo-
gy, computer science and artificial intelligence,
linguistics, philosophy of language and mind,
neuroscience, and mathematics. The under-
graduate program is designed to provide in-
struction in the relevant aspects of these various
disciplines. The program is administered by a
committee made up of faculty members from
these disciplines who also serve as advisors to
majors, helping them select a coherent set of
subjects from within the requirements, including
an independent research project. Members of
the committee are available to guide the
research.

Bachelor of Science in Cognitive Science
Course IX

CLASS OF 1997 or later See Notes on Course IX below.

General Institute Requirements (GIRs) Subjects

Science Requirement 5

Humanities. Arts, and Social Sciences Requirement
[one subject can be satisfied by 9.62J' In the
Departmental Program] 8
Restricted Electives in Science and Technology (REST)
Requirement** (one subject can be satisfied by 9 01 or
6.001 In the Departmental Program] 3

Laboratory Requirement [can be satisfied by 9.63
In the Departmental Program] I

Total GIR Subjects Required for S.B. Degree 17

PLUS

Departmental Program Units

Subject names below are followed by credit units and by
prerequisites if any (corequisites in italics)
Required Subjects 99-126
Introductory Material

9.62J Introduction to Cognitive Science. 12. HASS

9.63 Laboratory in Cognitive Science. 12. LAB:
9 62J*

One of the following:

18.05 introduction to Probability and Statistics. 12. REST
18 01*

18.440 Probability and Random Variables, 12, 18.02*

18.313 Probablity, 12: 18 02*

Core Subjects (three of the following four):

9.01 Neuroscience and Behavior, 12, REST, 9 62J*

6.001 Structure and Interpretation of Computer
Programs. 15, REST

24.90= The Study of Language, 12. HASS

9.35 Perceptual information Processing. 9: 9.62J*

Subjects from one of the following four core areas:

Core Area 1 Computation, Perception. and Motor Control
(three of the following):

2.02 Introduction to Systems Dynamics, 12, REST
801. 18.02

or

6.003 Signals and Systems. 15: 6.001, 6 002

and either

18.03 Differential Equations. 12, REST 18 02*

or

18,034 Differential Equations, 12. REST 18 02*

and either
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6.501 Sound, Speech, Hearing, 12: 6.003
or

9.36 Introduction to Natural Computation, 9: 9.62J.
18.02
or

9.37 Motor Control, 12

Core Area 2 Language (the following three):

9.59 Psycholinguistics, 12, HASS: 9.62J*

24.901J Language and its Structure 1: Phonology
12, HASS; 24.900J/21F 237J

24.902 Language and Its Structure II: Syntax, 12.
HASS; 24.900J/21 F 237J

Core Area 3 Experimental Cognitive Science (two of the
following):

9.20 Animal Behavior, 9. HASS; 9.00

9.59 Psycholinguistics 12. HASS: 9.62J*
9.65 Cognitive Processes, 12. HASS
9.85 Developmental Psychology, 12, HASS:

9.00*
Core Area 4 Brain and Behavior (two of the following):

9.09J Cellular Neuroblology 12; 7.05
9.10 Cognitive Neuroscience, 9
9.36 Introduction to Natural Computation, 9: 9.62J,

18.02

9.88 Origins of Behavior, 12, HASS: 9.00*
Research (one of the following):

9.39 Computational Laboratory In Cognitive
Science, 12: 9.62. 6.001, and 18.06
or

9.50 Research in Brain and Cognitive Sciences. 12,
LAB: 9.00*

Restricted Electives 30-48
Three relevant subjects for students in Core Areas 1 or 2;
four relevant subjects for students in core Areas 3 or 4. To
be arranged with the student's advisor

Departmental Program units that also satisfy
the GIRs (36-39)

Unrestricted Electives 54-75

Total Units Beyond the GIRs Required for S.B. Degree 180
No subject can be counted both as part of the 17-subject GIRs
and as part of the 180 units required beyond the GIRs. Every
subject in the student's Departmental Program will count
toward one or the other, but not both,

Notes on Course IX
CLASS OF 1997 or later: The Science Requirement increases to
six subjects with the addition of Biology as a GIR, and the REST
Requirement decreases from three subjects to two, keeping the
total number of GIRs constant at 17.

Additional subjects. up to three, can fulfill the HASS require-
ment If elected in the departmental program.

*Alternate prerequisites are listed in the subject description.

"The REST Requirement was formerly called the Science
Distribution Requirement See Chapter III for further details on
this and other institute requirements.

Minor Program

The Minor in Cognitive Science consists of six
subjects arranged in three levels of study,
intended to provide students breadth in the field
as a whole and some depth in one area of
specialization:

Introductory Subject

9.62J Introduction to Cognitive Science

Two subjects from among the following:

9.01 Neuroscience and Behavior
6.001 Structure and Interpretation of Computer

Programs
9.35 Perceptual Information Processing

and
9.59 Psycholinguistics

or
24.900J The Study of Language

Three further subjects from one or two of the
following four core areas of specialization. Note
that subjects from the list of Restricted Electives
for the undergraduate major in cognitive sci-
ence may be substituted upon approval from
the Minor Advisor.

Computation, Perception, and Motor Control
6.001, 6.501, 9.34, 9.36, 9.37. 18.03/18.034,
2.02 or 6.003

Language
9.59, 24.900J, 24.901J, 24.902

Experimental Cognitive Science
9.20, 9.35. 9.59, 9.65, 9.85

Brain and Behavior
9.01, 9.09J, 9.10, 9.34, 9.36, 9.88

For a general description of the Minor Program,
refer to Chapter II11.

The department offers programs of study lead-
ing to the doctoral degree in Molecular Neuro-
biology. Systems Neuroscience, Computation,
and Cognitive Science. There is also a doctoral
degree in Cognitive Neuroscience, so named to
indicate a multidisciplinary approach to the
study of brain function. The graduate programs
are designed to prepare participants to teach
and to do original research.

Entrance Requirements for Graduate
Degrees

Students should have one year of college-level
work in three of the following five areas: physics,
chemistry, biology, mathematics, and computer
science. Students who do not fulfill these re-
quirements may be considered by the depart-
ment on a case-by-case basis.

Doctor of Philosophy

The departmental Ph.D. program can normally
be completed after four years of full-time work,
including summers. General Institute Require-
ments for the Ph.D. are given in Chapter IV.
Formal coursework, described below, is in-
tended to prepare the student to pass the
general examinations and do original thesis
research. The general examinations will be
given in June of the second year. There is no
language requirement for the doctorate.

Specific subject requirements vary with the area
of specialization. Students in neurobiology,
neuroscience, and computation start with an
intensive neuroscience core subject. The core
subject covers the molecular and cellular fea-
tures of neurons, neurophysiology and neuroa-
natomy, the study of sensory and motor sys-
tems, and the principles of neural computation.
Further coursework will be diversified to give
each individual the appropriate background for
research in his or her own area. Coursework in
Molecular Neurobiology (organized in collabo-
ration with the Department of Biology) empha-
sizes the current genetic, molecular, and cellular
approaches to biological systems that are
necessary to generate advances in neurosci-
ence. Training in Systems Neuroscience
covers neuroanatomy, neurophysiology, and
neurotransmitter chemistry, concentrating on
the major sensory and motor systems in the
vertebrate brain. Specific ties to molecular
neurobiology or computation may be empha-
sized, depending upon the research interests of
the student. Coursework for students in Com-
putation is intended to give both an under-
standing of empirical approaches to the study of
the vertebrate brain and a theoretical back-
ground for analyzing computational aspects of
biological information processing.

Candidates for a degree in Cognitive Science
take an intensive core subject in contemporary
cognitive psychology that introduces major
theoretical and empirical issues in perception,
action, language, conceptual development,
mental representation, memory, and reasoning.
Additional coursework covers such topics as
language processing, language acquisition,
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cognitive development, natural computation,
connectionist models, and visual information
processing. Students also choose seminars and
coursework in linguistics, philosophy, logic,
mathematics, or computer science, depending
on the individual student's research program.
Recently, an interdepartmental Ph.D. training
program entitled "Language: Acquisition and
Computation" was created with the Department
of Linguistics and Philosophy. This five-year
program seeks to train students to combine the
results and methods that have been developed
separately in linguistics and psycholinguistics
into an integrated picture of linguistic knowl-
edge and language use.

Students in Cognitive Neuroscience take both
the neuroscience and the cognitive science
core subjects as well as appropriate subjects
chosen from the departmental areas described
above. A key feature of the program is that each
student is coadvised by a major thesis advisor
and a minor thesis advisor from two different
disciplines represented in the department,
rather than by the usual one advisor. The thesis
project contains elements of investigation from
the two different fields.

Graduate students begin research apprentice-
ship immediately upon arrival, at which time
advisor assignments are made based upon a
match of interests. These assignments may
change as a student's goals become more
focused. At the end of the first year, an advi-
sory committee of two to four faculty members
is formed. This committee monitors progress
during the early years and, with membership
changing as necessary, evolves into the thesis
committee. Thesis research normally requires
24-36 months of full-time activity after the
qualifying examinations have been passed. It is
expected that the research embodied in the
Ph.D. dissertation be original and significant
work, publishable in scientific journals.

Assistantships and Fellowships

Financial assistance is provided to qualified
applicants in the form of traineeships, research
assistantships, teaching assistantships, and a
limited number of fellowships, subject to avail-
ability of funds. Prospective students are en-
couraged to apply for individual fellowships
such as those sponsored by the National Sci-
ence Foundation, Howard Hughes Medical
Institute, National Defense Science and Engi-
neering Graduate Fellowship Program, and the
Office of Naval Research, to cover all or part of
the cost of their education. The department's
financial resources for non-US citizens are
limited: international students are strongly
encouraged to seek financial assistance for all
or part of the cost of their education from non-
MIT sources.

Inquiries

For additional information regarding teaching
and research programs, contact the Graduate
Office, Department of Brain and Cognitive
Sciences, Room E25-406, MIT, Cambridge, MA
02139-4307, (617) 253-5742.



Harvard-MIT Division of Health Sciences and Technology (HST) 265

Harvard-MIT Division of Health Sciences and Technology
(HST)

Harvard University and MIT are engaged in a
major collaborative effort, the Harvard -MIT
Division of Health Sciences and Technology
(HST Division), designed to focus science and
technology on human health needs. In this
division, the complementary resources and
strengths of both institutions are being directed
to the education of physicians, medical engi-
neers, medical physicists, and other health
scientists, and to the effective application of
modern science and technology to major health
problems.

The division represents a fusion of the growing
interests of MIT and Harvard in developing new
patterns of education and research in health
and medicine and in more effectively utilizing
science and engineering in meeting important
health needs. The division is active in education,
research, and development.

The division offers several educational pro-
grams: the Program in Biomedical Sciences
leading to the M.D. degree from Harvard Medi-
cal School; the Program in Medical Engineer-
ing and Medical Physics leading to the Ph.D.
degree from MIT, the Radiological Sciences
Graduate Program; and the Program in
Speech and Hearing Sciences leading to the
Ph.D. degree from MIT

Biomedical Sciences is oriented toward stu-
dents with a strong interest and background in
quantitative science, especially in the biological,
physical, engineering, and chemical sciences.
Subjects in human biology developed for this
curriculum represent joint efforts of life scien-
tists, physicians, physical scientists, and engi-
neers selected from the faculties of both univer-
sities. Subjects are presented at Harvard
Medical School or at MIT

Approximately 30 students are admitted each
year as candidates for the M.D. degree at Har-
vard Medical School. Financial support is avail-
able to qualified M.D. students at HST through
the standard graduate school mechanisms of
research and teaching assistantships.

The programs of study are formulated to meet
the interests and needs of the individual stu-
dent. The student is encouraged to pursue
advanced study in areas of interest that may
complement the subjects offered in the division.
Such study may be undertaken as part of the
curriculum leading to the M.D. degree or may
be pursued in a program than combines the
M.D. with a master's or doctoral degree. HST
students join the students of the regular Harvard
Medical School curriculum in the clinical
clerkships.
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The HST Division is committed to educating
physicians who will also have a deep under-
standing of the scientific basis of medicine, and
who are equipped for a career of interdisciplin-
ary research. As part of its educational strategy,
the division encourages students to spend time
in research during their M.D. curriculum, and
requires a thesis for the M.D. degree. Many
students, however, desire more substantial
research training than is possible in the stan-
dard four-year M.D. curriculum. One option for
such students is to pursue a formal Ph.D.
program in addition to the M.D. A second option
stretches the M.D. program to five or more
years in order to include a major research
training component: this leads to the award of a
master's degree in Health Sciences and Tech-
nology in addition to the M.D. degree.

The general requirements for a master's pro-
gram at MIT are given in Chapter IV. The subject
requirements must be in addition to the mini-
mum number of units required for M.D. degree.
Subjects may be chosen in scientific, technical,
or clinical areas relevant to the student's re-
search area. Thesis research may be conducted
at MIT, Harvard, or at Harvard-affiliated teaching
hospitals. The completed thesis document must
be approved by the thesis supervisor and
submitted to the M.D. Graduate Committee at
HST The master's thesis simultaneously fulfills
the thesis requirement for the HST/M.D. degree.

Although the Master's Degree Program in
Health Sciences and Technology is available
only for students who are also enrolled in the
M.D. curriculum at HST the two degrees are not
formally linked. Obtaining the M.D. degree is not
a prerequisite for the master's degree.

Further details on the Biomedical Sciences
Program and application forms may be ob-
tained from the Office of Admissions, Harvard
Medical School, 25 Shattuck Street, Boston.
Massachusetts 02115. Applications must be
submitted by October 15 of the year prior to
desired matriculation.

The doctoral curriculum in Medical Engineer-
ing and Medical Physics prepares individuals
with a thorough grounding in an engineering
discipline or in physics and extensive knowl-
edge of human biology and clinical medicine.
Graduates are well-prepared for independent
interdisciplinary research at the interface of
technology and medicine.

There are four major components to the curricu-
lum: an intensive graduate program in an engi-
neering department or in physics, which in-
cludes electives in biomedical engineering
subjectst a series of subjects in human biology
taken together with M.D. candidates 2 from HST;
specialized clinical training, which prepares the
student to conduct effective research in patient-
care environments, and to thoroughly under-
stand the process of medical decision-making
and the role of technology in health-care deliv-
ery: and doctoral thesis research on a funda-
mentally and clinically important problem in
medical engineering or medical physics.

Approximately 15 students are admitted each
year into the Ph.D. program. Students with
undergraduate degrees in engineering or phys-
ics must apply for admission Jointly to a gradu-
ate department at MIT or Harvard, and to the
HST Division. Students who already possess a
master's degree in engineering or physics may
apply to the HST Division alone. Applications
are due by January 15 of the year of desired
matriculation.

Medical and biological applications of physics
and engineering may also be pursued in the
Radiological Sciences Joint Doctoral Program
under the auspices of the HST Division, Depart-
ment of Nuclear Engineering, and Whitaker
College. Breakthroughs in radiological science,
including magnetic resonance imaging (MRI),
dynamic computer-aided tomography (CT),
positron emission tomography (PET), single
photon emission tomography (SPECT), and
radiation therapy, make this area one of the
most exciting developments in applied nuclear
and radiation science.

Admission to the program and award of the
doctoral degree in Radiological Sciences are
joint decisions made by the Division of Health
Sciences and Technology and the Department
of Nuclear Engineering. In addition to a strong
background in the physical and engineering
sciences, applicants are urged to complete
undergraduate subjects in biology or biochem-
istry before entering the degree program, and
are required to complete three additional life
sciences subjects prior to receiving the doctoral
degree. The core curriculum includes topics in
nuclear and radiation physics, radiation biology,
medical imaging, and biomedical applications of
radiation.

These subjects form the basis of the depart-
mental doctoral examination taken by most
students two years after entering the program.
After successful completion of the exam, full-
time thesis research is pursued in specialty
areas of radiation therapy, medical imaging,
radiation biology and biophysics, or image
processing and computer applications. To
supplement the program's academic training, a
one-month clinical practicum in one of the
affiliated Boston area hospitals is also required.
Students submit a doctoral thesis and defend it
before a committee of MIT faculty, including
members from HST and Department of Nuclear
Engineering, in accordance with the interdisci-
plinary nature of the program.

The HST doctoral program in Speech and
Hearing Sciences prepares students with an
undergraduate background in science and
engineering for research careers. The program
offers thorough grounding in the relevant fund a-
mental sciences, applications to diagnosis and
treatment of human pathological conditions, and
approaches to new technological capabilities.
Graduates will be well-qualified for careers in
academia, industry, and government.

The program includes nine subjects in the
Speech and Hearing Program, as well as gradu-
ate study in a traditional discipline (e.g., physics,
psychology, engineering). General examinations
are required in both Speech and Hearing
Sciences and another discipline. Opportunities
for doctoral research exist in many laboratories
at either MIT or the Harvard Medical School and
its associated hospitals in the Boston area.

Approximately seven students are admitted
each year. Completion of the requirements for
Ph.D. requires approximately six years. Further
information may be obtained from Professor
Nelson Kiang, Eaton-Peabody Lab, Mass. Eye
and Ear Infirmary, 243 Charles Street, Boston,
MA 02114, (617) 573-3745.

Over 160 faculty members from MIT and
Harvard Medical School are associated with the
division. Further information with a complete
listing of the faculty and description of all
programs may be obtained from the office of
academic administration, Room E25-51 at MIT,
(617) 253-7470. Information on interdepartmen-
tal opportunities in biomedical engineering may
be found in Chapter VI.

The S M degree. Including thesis, Is required of students
associated with departments that normally require the S.M
degree as part of the doctoral program
2
These subjects are HST 011, HST 031. HST 091. HST 101,

HST 111, and HST 131.
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Joint Program in Oceanography and Applied Ocean Science and Engineering
With the Woods Hole Oceanographic Institution

MIT and the Woods Hole Oceanographic Institu-
tion (WHOI) on Cape Cod offer joint doctoral
degrees in oceanography and both doctoral
and professional degrees in oceanographic
engineering. Graduate study in oceanography
encompasses virtually all of the basic sciences
as they apply to the marine environment: phys-
ics, chemistry, geology, geophysics, and biolo-
gy. Applied ocean science and engineering
allows for concentration in the major engineer-
ing fields of civil and environmental, mechanical,
electrical, and ocean engineering. The graduate
programs administered by joint MIT/WHOI
committees draw from the faculty and staff of
both institutions. Students accepted to the joint
program have access to the extensive intellectu-
al and physical resources available for advanced
study at both Woods Hole and MIT

The joint program involves several departments
at MIT - Earth, Atmospheric, and Planetary
Sciences and Biology in the School of Science;
and Civil and Environmental Engineering,
Electrical En gineering and Computer Science,
Mechanical Engineering, and Ocean Engineer-
in in the School of Engineering. Financial aid,
offered as research assistantships to most
entering graduate students, is sufficient to cover
tuition and fees and provide a stipend. Upon
admission, students register in the appropriate
MIT department and at WHOI simultaneously,
and are assigned academic advisors at each
institution. Because the joint program is not
affiliated with any one particular MIT depart-
ment, students who wish to be considered for
the program must indicate their intent on the
front of their applications.

Research at WHOI is devoted to using the basic
sciences and engineering to gain a better
understanding o the marine environment.
Some 200 scientists and technicians and a
support staff of about 600 work in five large
laboratories and smaller facilities located in
Woods Hole and on the nearby Quisset Cam-
pus. Another 75 people operate three research
vessels (ranging from 177 to 279 feet in length),
the deep-diving submersible ALVIN, and smaller
coastal vessels. WHOI also has three remotely-
operated research vehicles. Computer services
provided within WHOI include links to other
institutions and to national networks. A micro-
wave link between MIT and Woods Hole pro-
vides interactive video-voice transmission for
classes and a high speed data link for research.
Specialized research facilities include the Na-
tional Ocean Sciences Accelerator Mass Spec-
trometry Facility. The library facilities shared with
the Marine Biological Laboratory are supplem-
ented by collections of the Northeast Fisheries
Center of the National Marine Fisheries Service
and the US Geological Survey's Office of Marine
Resources Branch of Atlantic Geology, all lo-
cated in Woods Hole. The village is situated on
the southwest corner of Cape Cod, about 80
miles from Boston.

Subjects, seminars, and opportunities for re-
search participation are offered at both MIT and
WHOI. Place of residence is determined by the
student's selected program of study and re-
search interests, and transportation is provided
between institutions. Students also have the
opportunity to participate in oceanographic
cruises during graduate study.

The faculty of MIT together with the WHOI
scientific staff, offer a wide variety of formal and
informal subjects in various aspects of oceanog-
raphy and areas directly applicable to ocean
science and engineering; both faculties are
equally involved in all levels of instruction. The
subjects are supplemented by numerous semi-
nars, directed studies, and cross-registration
privileges with Harvard, Brown, and the Boston
University Marine Program. Complete listings
can be found in the subject descriptions of
each individual department.

Physical Oceanography

Physical oceanography is the study of the
physics of the ocean. Its central goal is to
describe and explain the complex motions of
the ocean. Principal research areas include
general circulation, air-sea interaction, shelf
dynamics, mesoscale processes, and small-
scale processes. The Department of Earth,
Atmospheric, and Planetary Sciences offers
programs in physical oceanography with WHOI,
which lead to the Doctor of Science or Doctor
of Philosophy degree.

Chemical Oceanography

Chemical oceanographers study the chemical
composition of the marine environment and the
processes that have produced the present
composition of sea water and sediments. Princi-
pal research areas include water column geo-
chemistry, sedimentary geochemistry, seawater-
basalt interactions, and atmospheric chemistry.
The Departments of Earth, Atmospheric, and
Planetary Sciences and Civil and Environmental
Engineering offer programs with WHOI in
chemical oceanography and marine geochem-
istry. These programs lead to the Doctor of
Science or Doctor of Philosophy.

Marine Geology and Geophysics

The goal of Marine Geology and Geophysics is
to understand the physical and chemical pro-
cesses that determine the structure and evolu-
tion of the ocean basins and their margins.
Research is being conducted in a wide range of
specialties including micropaleontology, pale-
oceanography, petrology and volcanic pro-
cesses, seismology, gravity, magnetics, heat
flow, sediment dynamics, and isotope geology.
The Department of Earth, Atmospheric, and
Planetary Sciences at MIT offers programs with
WHOI in marine geology and geophysics which
lead to the Master of Science, Doctor of Sci-
ence, or Doctor of Philosophy.

Biological Oceanography

Biological oceanography seeks to describe the
biological processes which are active in the
marine and bordering environments. The re-
search of biological oceanographers is diverse,
ranging from ecology and systematics to bio-
chemistry and physiology. The programs in
biological oceanography are coordinated by the
Department of Biology and WHOI, and may
involve research in other MIT departments such
as the Department of Civil and Environmental
Engineering. The programs lead to the Doctor
of Science or Doctor of Philosophy.

Applied Ocean Science and Engineering

Applied ocean science and engineering in-
volves the application of physics and the engi-
neering sciences to the study of oceanic pro-
cesses and the design of instruments, systems,
and structures required to observe, measure,
and work in the ocean. The Departments of Civil
and Environmental Engineering, Electrical
Engineering and Computer Science, Mechani-
cal Engineering, and Ocean Engineering offer
joint programs with WHOI in oceanographic
engineering. The programs lead to the master's
degree, the degree of Ocean Engineer, Doctor
of Science or Doctor of Philosophy.

Inquiries

Application for admission to the joint program
should be made on the MIT graduate applica-
tion form, which may be obtained from the
Director of Admissions at MIT or from the Edu-
cation Office at WHOI. Requests for further
information may be addressed to the Dean of
Graduate Studies, Woods Hole Oceanographic
Institution, Woods Hole, MA 02543, (508)
457-2000, x2200: or to the MIT Joint Program
Office, Room 54-911, Cambridge MA
02139-4307, (617) 253-7544.
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Guide to Departments and
Course Numbers

Departments/Programs by Course Departments/Programs by School

Chapter VIII of the catalogue contains descrip-
tions of the subjects offered by MIT's depart-
ments and programs. The subjects are listed in
numerical order by their Course numbers; let-
ter-designated programs appear after the
departmental listings.

In general, at the Institute, the word Course
(capitalized) refers to an organized curriculum
leading to a specified degree. The word
course (lower-case) or subject refers to the in-
dividual class. Each Course is designated by a
number or letter abbreviation; each individual
subject offered by a Course is also numbered.

Course 1 Civil and Environmental
Engineering

Course 2 Mechanical Engineering
Course 3 Materials Science and Engineering
Course 4 Architecture
Course 5 Chemistry
Course 6 Electrical Engineering and

Computer Science
Course 7 Biology
Course 8 Physics
Course 9 Brain and Cognitive Sciences
Course 10 Chemical Engineering
Course 11 Urban Studies and Planning
Course 12 Earth, Atmospheric, and Planetary

Sciences
Course 13 Ocean Engineering
Course 14 Economics
Course 15 Management
Course 16 Aeronautics and Astronautics
Course 17 Political Science
Course 18 Mathematics
Course 20 Program in Applied Biological

Sciences
Course 21 Humanities

21 A Anthropology/Archaeology
21 F Foreign Languages and Literatures
21 H History
21L Literature
21 M Music and Theater Arts
21W Program in Writing and

Humanistic Studies
Course 22 Nuclear Engineering
Course 24 Linguistics and Philosophy

HST Harvard-MIT Division of
Health Sciences and Technology

MAS Program in Media Arts and Sciences
SP Special Programs
STS Science, Technology, and Society
SWE Engineering School-Wide Electives
TOX Division of Toxicology
TPP Technology and Policy

ROTC
AS Aerospace Studies
MS Military Science
NS Naval Science

School of Architecture and Planning
Architecture Course 4
Urban Studies and Planning Course 11
Program in Media Arts and Sciences MAS

School of Engineering
Aeronautics and Astronautics Course 16
Chemical Engineering Course 10
Civil and Environmental Engineering Course 1
Electrical Engineering and Computer
Science Course 6
Materials Science and Engineering Course 3
Mechanical Engineering Course 2
Nuclear Engineering Course 22
Ocean Engineering Course 13
Engineering School-Wide Electives SWE
Technology and Policy TPP

School of Humanities and Social
Science
Economics Course 14
Humanities Course 21
Anthropology/Archaeology 21 A
Foreign Languages and Literatures 21 F
History 21 H
Literature 21 L
Music and Theater Arts 21 M
Program in Writing and
Humanistic Studies 21W
Linguistics and Philosophy Course 24
Political Science Course 17
Program in Science, Technology, and
Society STS

Sloan School of Management
Management Course 15

School of Science
Biology Course 7
Chemistry Course 5
Earth, Atmospheric, and Planetary
Sciences Course 12
Mathematics Course 18
Physics Course 8
Program in Applied Biological
Sciences Course 20

Whitaker College of Health Sciences
and Technology
Brain and Cognitive Sciences Course 9
Division of Toxicology TOX

Other Programs
Harvard-MIT Division of Health Sciences
and Technology HST
Special Programs SP

ROTC
Aerospace Studies AS
Military Science MS
Naval Science NS
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Guide to Subject Listings

The descriptions in this chapter are subject to
change. The final list of subjects to be offered
in 1993-94 is published with the class
schedules booklet prior to the beginning of
each term.

The following are examples of undergraduate
and graduate subject listings. Each subject list-
ing consists of three parts: the subject name,
subject information, and subject description.

Subject Name

The subject name consists of its number and
title, and appears above the first horizontal line.

5.77J Topics in Metabolic Biochemistry
(New)

(Same subject as 7.75J)
Prereq.: 7.05 or 5.07
G (1)
4-0-8 H-LEVEL Grad Credit

Special topics include major metabolic path-
ways for the biosynthesis of certain cellular
constituents and oxidative metabolism. Em-
phasis is on enzymology and methods used to
understand metabolism and enzymatic proces-
ses.
G. M. Brown, J. Stubbe

J at the end of a subject number indicates that
this subject is offered jointly by more than one
department. The subject numbers of the other
departments are indicated in the Subject Infor-
mation section following the phrase Same
subject as.

(New) below the subject number and title indi-
cates a subject offering that is new to the
catalogue. (Revised Units) or (Revised Con-
tent) below the subject number and title indi-
cates a change from the previous catalogue.

Subject Information

Information about the subject appears below
the first horizontal line.

18.014 Calculus with Theory

(18.012)
Prereq.: -
U (1)
5-0-7 CALC I
Credit cannot also be received for 18.01 or
18.011

4

Covers the same material as 18.01, but at a
deeper and more rigorous level. Emphasizes
careful reasoning and understanding of proofs.
Assumes knowledge of elementary calculus.
Topics: axioms for the real numbers; the
Riemann integral; limits, theorems on con-
tinuous functions; derivatives of functions of
one variable; the fundamental theorems of cal-
culus; Taylor's theorem; infinite series, power
series, rigorous treatment of the elementary
functions.
J. R. Munkres

The former number of a renumbered subject
is indicated in parentheses below the first
horizontal line.

Same subject as appears in parentheses fol-
lowed by the subject's other number(s) if the
subject is joint or SWE.

Prerequisite subjects, if any, are listed, or the
prerequisite is described. Numbers in italics in-
dicate corequisites - prerequisite subjects
that may be taken simultaneously with the sub-
ject described. If there are no prerequisites or
corequisites, a dash (-) appears. Pre-
requisites may be waived by the instructor in
charge for particularly well-qualified students.

Year offered may state Acad Year 1993-94:
Not offered or Acad Year 1994-95: Not of-
fered. There is no comment if the subject is of-
fered in both academic years 1993-94 and
1994-95.

Subject level and term follow. U is an under-
graduate subject, and G is a subject primarily
for graduate students. The numbers 1 and 2
and the letters IAP and S represent fall term,
spring term, Independent Activities Period, and
summer term, respectively.

Credit units, which indicate a subject's time
distribution, are represented by three numbers
separated by dashes. The number of units as-
signed for recitation and lecture is first; for
laboratory, design, or fieldwork second; and
for preparation, third. Add all of the units
together to obtain the total credit for a subject.
One unit represents approximately 14 hours of
work. Units arranged indicates that units are
specially arranged by the instructor.

Subjects fulfilling the General Institute Require-
ments, such as BIOLOGY, PHYSICS, CALC,
CHEMISTRY, REST (Restricted Electives in
Science and Technology, formerly SCI DIST),
Institute LAB, or HASS-D (Humanities, Arts,
and Social Sciences Distribution) are so desig-
nated to the right of the credit units.

HASS indicates subjects that can be used to
satisfy the Humanities, Arts, and Social Scien-
ces Requirement (other than HASS-D sub-
jects).

HASS-D Language Option indicates lan-
guage subjects which may be substituted for
one HASS-D subject.

[P/D/F] appears to the right of the credit units
if the subject is graded on a P, D, or F basis
(where P means C or better performance).

H-LEVEL Grad Credit (formerly A-level) indi-
cates an approved subject for higher graduate-
level degree credit. In some cases, a message
follows the designation indicating that the sub-
ject is H-level in certain departments. (In pre-
vious editions of the catalogue H-level subjects
were called A-level.)

Can be repeated for credit appears under
the credit units if the subject can be taken
more than once for academic credit.

Subject Description

The subject description appears below the
second horizontal line.

21F 101 Chinese

(21.245)
Prereq.: -
U (1)
4-0-8 HASS

Introduction to spoken and written modern 4
Chinese (Mandarin). Pronunciation, sentence
structure, grammar, conversation, reading and
writing. Lab work required. Enrollment limited
to 20 students.
Y Tai

Any subject open only to special groups is so
noted at the end of its description. If the sub-
ject description does not appear, the number
of the subject under which the description ap-
pears is given.

The name of the instructor(s) in charge as
known at the time of publication is listed in
italics, or the name of the departmental con-
tact is listed in regular type.



Course 1

and Environmental

Prereq.: -
U (1, lAP, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

1 URG Research in Civil and Environmental
Engineering
(New)

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

Individual research or laboratory study under
faculty supervision. Also opportunities in ongo-
ing research program.
Information: T. H. Kaalstad.

1.00 Introduction to Computers and
Engineering Problem Solving

Prereq.: 18.01
U (1, 2)
3-1-8 REST

Fundamental computational algorithms for en-
gineering and scientific applications. The C
programming language is presented. Weekly
programming problems cover numerical
analysis, graphics, data structures, searching,
sorting, matrix methods, and simulation. Em-
phasis on developing techniques for solving
computational problems in engineering,
science, management, and planning. Program-
ming background helpful.
S. R. Lerman, R. D. Logcher, N. H. M. Wilson,
D. McLaughlin

1.03 Introduction to Probability and
Statistics for Engineers

Prereq.: 18.01, 18.02
U (1)
3-2-7

Elemerts of probability and statistics with em-
phasis on engineering applications. Probability
topics include univariate and multivariate dis-
tributions, estimation, and prediction; engineer-
ing reliability analysis; and Poisson and
Markov processes. Statistics include classical
and Bayesian methods of parameter estima-
tion and hypothesis testing.
D. Veneziano

Fundamentals

1 UR Research in Civil
Engineering

1.04 Solid Mechanics

Prereq.: 8.02, 18.02
U (1)
3-2-7 REST

Static equilibrium. Forces in trusses. Stress,
strain, and Hooke's law; introduction to stress-
strain behavior of construction materials. Tor-
sion in members of circular cross-section.
Stresses and deflections in beams. Stresses
on inclined planes and the use of Mohr's circle
for plane stress. Design project using
Growltiger software package.
L. J. Gibson

1.05 Fluid Mechanics

Prereq.: 8.01, 18.03
U (2)
3-2-7

Introduction to the mechanics of incompres-
sible fluid flow. Fluid properties. Hydrostatics.
Conservation of mass and momentum using
differential and integral balances. The Bernoul-
li equation. Shear stresses and velocity
profiles in laminar and turbulent flows.
Dynamic similarity. First law of ther-
modynamics and the energy equation. Applica-
tions to steady flow in conduits and open
channels, pumps, turbines, drag and lift on im-
mersed objects.
0. S. Madsen

1.06 Probabilistic Models in Engineering

Prereq.: 1.03 or 6.041 or 18.05
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. R. Odoni, R. C. Larson

For additional undergraduate introductory
subjects, see 1.30, 1.40, 1.50, 1.60, 1.70,
1.80.

4D School of Engineering

Civil and Environmental
Engineering

For degree requirements, see listing in
Chapter VII under the School of
Engineering.

Undergraduate Laboratory
Subjects

1.1OJ Environment and Technology

(Same subject as 10.271J)
Prereq.: -
U (1)
3-0-6
Introduction to environmental problems arising
from commonplace technologies (e.g., plas-
tics, electronics, automobiles). Considers the
sustainability of resource use and the introduc-
tion of chemicals into the environment. Il-
lustrates how to predict the fates of those
chemicals in air-water-land-biota systems. Con-
siders environmental and health consequen-
ces of products and the processes used for
their manufacture. Discusses how we might
respond to undesirable impacts, including
product redesign and development of policies
to achieve environmentally sensitive improve-
ments.
P. Gschwend, J. Ehrenfeld

1.101J Decision Analysis Laboratory

(Same subject as TPP 01J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-4-5 Institute LAB

Explores the nature and existence of utility, the
basic model of how people respond to and
choose between alternatives. Students
proceed through introductory experiments to a
major project involving interviews and address-
ing a key issue of human perception of risk
and value. Brief lectures present the neces-
sary theory and psychometric techniques. Spe-
cial programs are used to reduce and plot
data, and to test theoretical hypotheses. The
impiications for decision analysis and engineer-
ing design are stressed.
R. de Neufville
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1.102 Transportation Laboratory

Prereq.: -
U (2)
0-3-3 Institute LAB
Can be repeated for credit

Laboratory experience with the properties of
transportation systems. Students formulate an
experiment based upon readings and discus-
sions of current transportation problems. Em-
phasis on formulation of hypotheses about
properties and effects of different types of
transportation systems; planning of experi-
ments and data collection in the field to test
these hypotheses, analysis of results, and
development of recommendations for changes
in transport systems plans and policies.
T. Humphrey

1.105J Structural Engineering Laboratory

(Same subject as 4.415J)
Prereq.: -
U (1)
0-3-3 Institute LAB

Introduces students to properties of structural
materials and behavior of simple structural ele-
ments and systems through a series of experi-
ments. Several laboratory projects involve the
student as both the designer and fabricator of
a structure.
C. Leung

1.106 Fluid Mechanics Laboratory

Prereq.: -
U (1)
0-3-3 Institute LAB
Credit cannot also be received for 1.108

The measurement and analysis of physical
parameters such as velocity, pressure, salinity,
temperature, dissolved solids, etc., in closed
conduits and natural water bodies. Application
of these techniques in the context of six
laboratory experiments. Certain experiments
complement lectures in 1.05, but concurrent
registration in 1.05 or previous fluid mechanics
experience is not required. (Six additional
units, satisfying the Institute Lab Requirement,
may be obtained by registering for 1.108
rather than 1.106.)
E. E. Adams

1.107 Aquatic Chemistry Laboratory

Prereq.: 5.11
U (2)
2-6-4 Institute LAB

Field sampling and laboratory analysis tech-
niques for determining chemical (e.g., salinity,
02, nutrients, haloforms, petroleum hydrocar-
bons) and biological (e.g., chlorophyll)
parameters in aquatic samples. Both wet-
chemical and instrumental (e.g., atomic ab-
sorption spectrometry and gas
chromatography) methods. Two field trips are
taken to acquire "real world" samples for
analysis and interpretation of the data in terms
of water quality and the processes affecting it.
L. Krumholz

1.108 Environmental Fluid Mechanics
Laboratory

Prereq.: -
U (1)
0-6-6 Institute LAB
Credit cannot also be received for 1 .106

Extends the subject material of 1.106 by includ-
ing additional laboratory experiments and one
or more field experiments in topics of current
interest in environmental fluid mechanics. Stu-
dents may not receive credit for both 1.106
and 1.108.
E. E. Adams

General Methods
and Concepts

Listed below are a number of subjects con-
cerned with general methods and concepts
rather than specific applications areas.
Topics include:

Information Systems and Computational
Methods

Analytical Mechanics
Engineering Systems, Economics, and

Management
Engineering Risk Assessment and

Probabilistic Analysis
Subjects under these headings are of inter-
est to students from a variety of back-
grounds, both from within and outside the
department. Subjects more oriented to ap-
plications based on these methodologies
are noted at the end of each section.

Information Systems and
Computational Methods

1.12 Computer Models of Physical and
Engineering Systems

Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. R. Williams

1.121 Numerical Modeling of Physical
Systems

Prereq.: 18.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Survey of numerical methods for ordinary and
partial differential equations. Emphasis on
finite difference and weighted residual
methods. Includes review of linear algebra; in-
troduction to partial differential equations; finite
difference approximations; consistency,
stability, and convergence; Fourier analysis;
finite element methods. Examines both steady
and transient equations describing physical
systems of interest. Development of computer
programs is emphasized.
Staff

1.122 Theory and Application of Boundary
Element and Discrete Element Methods

Prereq.: 1.51
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9

In-depth treatment of the theoretical aspects of
boundary element analysis methods. Applica-
tion to two- and three-dimensional domains,
with examples pertaining to thermal analysis,
stress analysis, fluid flow, and wave propaga-
tion. Introduction to discrete element methods.
Application to geomaterials. Alternate years.
J. J. Connor Jr.

1.123 Building Knowledge-Based Systems
for Engineering Problem Solving

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Approaches and existing software tools for
building knowledge-based expert systems are
discussed and illustrated with examples drawn
from engineering. Students are expected to
carry out a project involving the construction of
a knowledge-based system for a specific
problem.
D. Sriram

See also 1.204, 1.70.
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Methods in Physical

Prereq.: 18.03
G (1)
4-0-8

1.132 Analytical Methods in Physical
Systems

Prereq.: 18.03
U (1)
4-0-8

A utilitarian survey of elementary and inter-
mediate analytical techniques, and their ap-
plications in physical systems important to
engineering. Linear partial differential equa-
tions. Separation of variables. Green's func-
tions. Formulation and solution of problems in
seepage, traffic flows, statics and vibration of
elastic structures, soil consolidation, and dif-
fusion of energy or matter. Introduction to per-
turbation methods. Computer algebra by
MACSYMA. Formulation of physical problems
mathematically is emphasized.
Staff

See also 1.351, 1.541, 1.56J, 1.571, 1.572,
1.63,1.691.

Engineering Systems,
Economics, and Management

1.141J Strategic Analysis for
Environmental Planning and Design
(New)

(Same subject as 3.563J, 6.688J, 22.822J,
TPP 59J)
Prereq.: 1.146 or 2.192 or 3.56 or 13.62 or
16.784 or 22.821 or TPP 21
G (2)
3-0-6 H-LEVEL Grad Credit

Gives participants practical understanding of
the procedures for successfully designing com-
plex technical systems that must perform well
in a social context. Student teams work with
computer-based models to examine the effect
of alternative strategies; then define the
tradeoffs between energy use, environmental
quality, and costs, so as to develop a policy
which is consistent with the social, economic,
political and historical context of the region.
The example treated is the proposed policy of
requiring the introduction of personal electric
cars in the Los Angeles region, as a means of
reducing pollution.
D. H. Marks, R. de Neufville, J. Clark,
M. W. Golay, D. Sadoway, R. D. Tabors

Analytical Mechanics

1.131 Analytical
Systems

1.146 Engineering Systems Analysis

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. de Neufville, J. P. Clark, F. Field

1.148J Economics of Project Evaluation

(Same subject as 14.11 1J)
Prereq.: 14.03
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

See description under subject 14.11 1J.
J. Rothenberg

1.149 Application of Technology

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. Deutch

See also 1.202, 1.203J, 1.207, 1.281, 1.283J,
1.70, 1.731. For management of engineer-
ing systems, see also 1.40-1.482.

Engineering Risk Assessment
and Probabilistic Analysis

1.151 Probability and Statistics in
Engineering

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Quantitative analysis of uncertainty in plan-
ning, design, construction, and operation of en-
gineered facilities. Fundamentals of
probability, random processes, statistics, and
decision analysis. Random variables and vec-
tors and their transformations, second-moment
analysis. Bayesian analysis and risk-based
decision. Point and interval estimation,
hypothesis testing, simple and multiple linear
regression. Poisson and Markov processes.
D. Veneziano

1.155 Engineering Risk-Benefit Analysis_
Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. W. Drake, A. R. Odonl

See also 1.203J, 1.711, 1.712, 1.732.

Transportation

1.200 Methods for Transportation Systems
Analysis

Prereq.: -
G (1)
3-0-6
Provides the methodological foundation neces-
sary for the analytical study of the components
of transportation systems and the relationships
between them. Focuses on the use of linear
equation systems, optimization techniques,
stochastic and statistical models, and simula-
tion by transportation planners, engineers, and
researchers. Develops the mathematical pre-
requisites for many advanced subjects in
transportation.
C. Barnhart

1.201 Transportation Systems Analysis

Prereq.: 1.200
G (1)
3-0-6 H-LEVEL Grad Credit

Introduces the analysis of passenger and
freight transportation systems applying the
methods introduced in subject 1.200. Discus-
ses the role of transportation systems in
society and measures of system effectiveness.
Covers deterministic and stochastic models of
system performance and the determinants of
transportation travel demand. Analyzes
transportation networks, including prediction of
flow patterns and service quality. Evaluates
the impacts and design of transportation ser-
vices and facilities. Case studies are used to
show the application of methods to different
types of transportation systems. The role of
government and policy is also introduced.
D. Bernstein

1.202 Demand Modeling

Prereq.: Permission of instructor
G (2)
3-1-8 H-LEVEL Grad Credit

Analysis and forecasting of demand for
facilities and services. Emphasis on collection
and analysis of survey data. Review elements
of probability, sampling, and statistical
methods. Includes alternative sample designs
and data collection methods, matrix-entry es-
timation methods, linear regression analysis,
discrete choice methods, estimation and test-
ing of disaggregate and aggregate models, ag-
gregate forecasting methods and simulation.
Illustrated with applications from the fields of
transportation, housing, telecommunications,
and marketing.
M. E Ben-Akiva
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1.203J Logistical and Transportation
Planning Methods

(Same subject as 6.281J, 11.526J, 13.665J,
15.073J, 16.76J)
Prereq.: 6.431, 15.075
G (1)
3-0-9 H-LEVEL Grad Credit

Quantitative techniques of operations research
with emphasis on applications in transportation
systems analysis (urban, air, ocean, highway,
pickup and delivery systems) and in the plan-
ning and design of logistically oriented urban
service systems (e.g., fire and police depart-
ments, emergency medical services, emergen-
cy repair services). Unified study of functions
of random variables, geometrical probability,
multi-server queuing theory, spatial location
theory, network analysis and graph theory,
and relevant methods of simulation. Computer
exercises, discussion of implementation difficul-
ties.
A. /. Barnett, R. C. Larson, A. R. Odoni

1.204 Computer Algorithms in
Transportation

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Teaches efficient implementation of algorithms
useful for the solution of common transporta-
tion problems, using the C language. Covers
implementation of network and graph algo-
rithms, algorithm design techniques, graphics.
Case studies using operations research tech-
niques for problems in transportation net-
works, vehicle routing and scheduling, facility
location, and simulation. Extensive micro-com-
puter assignments.
H. N. Koutsopoulos

1.205 Advanced Demand Modeling

Prereq.: 1.202 or 14.388
G (1)
3-0-9 H-LEVEL Grad Credit

Theories and applications of behavior models.
Includes: linear and nonlinear latent variable
models, multidimensional probabilistic choice
models, survey design, statistical estimation
techniques with multiple data sources, model
transferability, estimation and forecasting with
very large choice sets, joint discrete and con-
tinuous models, dynamical models. Issues in
model specification, including use of stated
preference data, and analysis of complex
choices. Term paper required.
M. E. Ben-Akiva

1.206 Optimization of Large-Scale
Transportation Problems
(New)

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Explores a variety of optimization techniques
for the solution of large-scale transportation
problems. Topics include decomposition,
relaxation, and column generation techniques.
Guest speakers present their research in
areas such as airline and railroad operations,
multi-commodity network flows, vehicle routing
and scheduling, etc. Students are required to
review current literature and to complete a re-
search project.
C. Barnhart

1.207 Transportation Networks Equilibrium
Analysis

Prereq.: 1.03
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Analytical and algorithmic approaches to the
formulation and solution of transportation net-
work equilibrium assignment problems. Topics:
mathematical programming formulation of user
and stochastic user equilibrium problems; com-
bined modal split, distribution, and assignment
formulation; implementation of solution algo-
rithms; applications of discrete choice models.
Alternate years.
D. Bernstein

1.208J Transportation and Logistics
Analysis

(Same subject as 15.770J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Introduction to inventory theory. Analysis of
tradeoffs between transportation and inventory
cost. Routing and scheduling with inventory
considerations. Distribution network design
and carrier network design. Optimization of car-
rier networks with emphasis on truck and rail
networks. Integration of carrier and shipper
perspective in system models. Alternate years.
Y. Sheffi, S. C. Graves

1.209J Case Studies in Logistics
Management

(Same subject as 15.771J)
Prereq.: Permission of instructor
G (1)
3-0-6
A combination of lectures and cases covering
contemporary topics in logistics including in-
ventory considerations; warehousing and dis-
tribution; logistics organization and
management; inter-company operations and
channel management; and logistics strategy.
J. Byrnes

1.210 Topics in Transportation and
Land-Use Interactions

Prereq.: 1.207, 1.283, or permission of instruc-
tor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Explores current research on the interrelation-
ships between transportation decisions,
residential location decisions, and regional
economic growth. Focuses on government in-
tervention and, in particular, on market-based
policies. Topics include congestion control and
demand management, zoning, transportation
investment and its impact on economic
growth, and privatization. Students complete a
research project based on their current inter-
ests.
D. Bernstein

1.211 J A Workshop on Geographic
Information Systems

(Same subject as 11.520J)
Prereq.: 1.201 or 11.220, 1.00 or 11.227
G (2)
3-2-7
See description under subject 11.520J.
J. Ferreira, Jr., D. Bernstein

1.231J Planning and Design of Airport
Systems

(Same subject as 16.781J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Equal emphasis on current practice and ad-
vanced concepts. Airport location and planning
with full consideration of economic, environ-
mental, and other impacts. Demand prediction,
determination of the capacity of the airfield, es-
timation of levels of congestion. Design of ter-
minals. Role of airports in the aviation and
transportation system. Airport access prob-
lems. Optimal configuration of air transport net-
works and implications for airport
development. Economics of the airport. Financ-
ing and institutional aspects. Special attention
to international practice and developments. Al-
ternate years.
R. de Neufville, A. R. Odoni

1.233J Seminar in Air Transportation
Analysis and Planning

(Same subject as 16.73J)
Prereq.: -
G (1)
1-0-5
See description under subject 16.73J.
A. R. Odoni, R. W. Simpson
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1.25J Technological Development,
Business, and Political Change in the
Middle East

(Same subject as 17.559J, STS 020J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9

May not count toward HASS Requirement.
See description under subject 17.559J.
F. Moavenzadeh, N. Choucri, L. Trilling,
K. Keniston, W. Porter, P. S. Khoury,
R. B. Lewcock

1.251 Transportation and Government -
Public Policy and Politics

Prereq.: -
G (2)
3-0-6

The reasons for government involvement in
building transportation infrastructure, the or-
ganization and regulation of transportation ser-
vices, and the safety and economic regulation
of vehicles and the energy systems which fuel
them. Reviews the historical, public policy, and
political reasons for government involvement
in transportation, and analyzes the current in-
stitutional mechanisms of government in air,
water, rail, highway, auto, trucking, and transit
systems. Issues include privatization, deregula-
tion, federal program development, and inter-
governmental conflicts.
F. P. Salvucci, R. Gakenheimer

1.252J Urban Transportation Planning

(Same subject as 11.380J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 11.380J.
R. A. Gakenheimer, F. Salvucci, T. Humphrey

1.254J Infrastructure in Developing
Countries

(Same subject as 11.469J, 11.104)
Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 11.469J.
R. A. Gakenheimer

1.255J Politics, Technology, and Public
Policy in the Middle East

(Same subject as 17.558J, 11.488J,
21H 977J, STS 509J)
Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.558J.
N. Choucri, P. S. Khoury, F. Moavenzadeh,
L. Trilling

1.256J Technological Development,
Business, and Political Change in the
Middle East

(Same subject as 17.560J, 11.489J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.560J.
F. Moavenzadeh, N. Choucri, L. Trilling,
K. Keniston, P. S. Khoury

1.258J Public Transportation Service and
Operations Planning

(Same subject as 11.381J)
Prereq.: 1.201 or permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Evolution and role of urban public transporta-
tion modes, systems, and services, including
bus and rail. Description of technological char-
acteristics and their impacts on capacity, ser-
vice quality, and cost. Current practice and
new methods for performance monitoring,
route design, vehicle and crew scheduling.
Effect of pricing policy and service quality on
ridership. Methods for estimating costs as-
sociated with proposed service changes.
N. H. M. Wilson

1.259J Transit Management

(Same subject as 11.382J)
Prereq.: 1.258J or permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Management methods of relevance to public
transportation systems. Topics: strategic plan-
ning management; labor relations; main-
tenance planning and administration; financial
planning; marketing; and management informa-
tion and decision support systems. Shows how
these general management tasks are dealt
with in the transit industry and presents alterna-
tive strategies. Identifies alternative arrange-
ments for service provision, including different
ways of involving the private sector in public
transportation.
N. H. M. Wilson, F. Salvucci

1.27 Studies in Transportation
Engineering

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Individual advanced study of a topic in
transportation systems, selected with the ap-
proval of the instructor.
Information: J. Sussman.

1.271 Research Seminar in Transportation

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F]

Discussion of current research at various
stages of development, including problem
definition, literature review, methodology, and
evaluation of results. Intended for advanced
doctoral students who have passed the
general examination.
J. Sussman

1.281 Transportation Economics

Prereq.: 14.01
G (2)
3-0-6 H-LEVEL Grad Credit

Introduction to the economic analysis of
transportation markets: urban and intercity,
passenger and freight, national and internation-
al. Utility theory and its application to transport
demand. Production theory and the analysis of
transport costs. Market structures and
transport pricing. Externalities. Public goods.
The role of government in regulating transport
and providing infrastructure.
G. McCullough

1.282 Topics in Transportation
Economics

Prereq.: 1.281
G (2)
3-0-6 H-LEVEL Grad Credit

A continuation of 1.281 devoted to current re-
search in the economics of transportation.
Focuses on normative and positive economic
studies of all modes. Topics include Ramsey
pricing, proper specification of multiproduct
technology, bilateral freight markets, and the
political economy of transport regulation. Stu-
dents complete an economic research project
based on their current interests.
G. McCullough

1.283J Spatial Economics of Cities and
Regions
(Revised Content)

(Same subject as 14.573J, 11.41 OJ)
Prereq.: 14.03 or 14.04
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 14.573J.
W. Wheaton
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1.286 Freight Transportation
Management

Prereq.: 1.201J, 1.03
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Methods for analysis of freight systems, with
emphasis on rail and motor carrier operations
and management of carrier assets. Study of
competitive transportation companies and the
environment in which they operate. Market is-
sues, organizational structure, information sys-
tems, and decisionmaking processes for fleet
management, facility operations, maintenance,
and operations/service planning. Case studies
illustrate effects of regulation, technology,
labor relations, and competition on carrier
strategies. Alternate years.
C. D. Martland

1.298 Research in Transportation

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F]

For research assistants in transportation, when
assigned research is not used for thesis, but is
approved for academic credit. Credits for this
subject may not be used for any degree
granted by Course 1.
Information: J. Sussman.

1.299 Teaching in Transportation

Prereq.: -
G (1, 2)
Units arranged [P/D/F]

For teaching assistants, in recognition of the
educational value derived from satisfactory per-
formance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1.
Information: J. Sussman.

Constructed Facilities

Geotechnical Engineering

1.30 Introduction
Engineering

to Geotechnical

Prereq.: 1.04
U (2)
3-2-7

Fundamentals of soil mechanics taught in con-
text of three to four design exercises. Phase
relationships; geostatic stresses; friction
angles; Rankine and Coulomb earth pres-
sures; effective stress; Darcy's law; heads;
seepage force; flaw nets; compression and
swell of clays; consolidation and settlement;
drained and undrained strength of simple clay;
effective and total stress paths. Design exer-
cises such as retaining walls with and without
seepage, controlling settlements, and safe con-
struction of embankments.
R. V. Whitman

1.32 Introduction to Engineering Geology

Prereq.: -
U (2)
3-3-6 REST

Basic principles of physical geology, emphasiz-
ing topics pertinent to environmental and civil
engineering. Identification of minerals; igne-
ous, metamorphic, and sedimentary rocks. Al-
luvial, glacial, eolian, lacustrine, marine, and
colluvial sediments. Weathering. Rock defects.
Air photos and geologic maps. Field trips.
Term paper; can be used for Phase 2 of the
Writing Requirement.
H. H. Einstein

1.322 Soil Behavior

Prereq.: 1.361
G (2)
3-1-8 H-LEVEL Grad Credit

Detailed study of soil properties with emphasis
on interpretation of field and laboratory test
data and their use in soft-ground construction
engineering. Includes: consolidation and
secondary compression; basic strength prin-
ciples; stress-strain strength behavior of clays,
emphasizing effects of sample disturbance,
anisotropy and strain rate; strength and com-
pression of granular soils; engineering proper-
ties of compacted soils. Some knowledge of
field and laboratory testing assumed; 1.37
desirable.
C. C. Ladd

1.331 Soil Dynamics

Prereq.: 1.361
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Stress-strain behavior during transient and
repeated loadings, relation to wave velocity.
Strength degradation and liquefaction.
Analysis of foundations subjected to dynamic
loadings; effect of soils upon seismic motions;
earth dams and retaining walls during
earthquakes; other selected applications. Alter-
nate years.
R. V. Whitman

1.351 Theoretical Soil Mechanics

Prereq.: 1.30
G (1)
3-0-9 H-LEVEL Grad Credit

Presentation of elementary theories in soil
mechanics: field equations of linear elasticity,
solutions of boundary value problems. Intro-
duction to finite element method. Steady and
transient flow in porous media; applications in
confined and unconfined seepage, one dimen-
sional consolidation. Introduction to poro-elas-
ticity. Yielding and failure of soils, plasticity
theory and limit analyses; with examples for
bearing capacity and slope stability. Cam Clay
models and critical state theory of soil behavior.
A. J. Whittle

1.361 Advanced Soil Mechanics and
Engineering

Prereq.: 1.30
G (1)
3-0-9 H-LEVEL Grad Credit

Consideration of the following fundamentals of
soil mechanics: the nature of soil; the effective
stress principle; permeability and seepage;
stress-strain-strength behavior of cohesionless
and cohesive soil; lateral earth stresses; bear-
ing capacity and slope stability; consolidation
theory; settlement analyses.
C. C. Ladd

1.364 Foundation Engineering

Prereq.: 1.361
G (2)
3-0-9 H-LEVEL Grad Credit

Geotechnical aspects of the analysis, design,
and construction of foundation systems.
Topics include shallow (footings and rafts) and
deep foundations (piles and caissons), excava-
tions (braced, tied-back, and slurry walls), rein-
forced earth, and other systems. Soil
improvement techniques and use of geosyn-
thetic materials. Site characterization;
strategies for instrumentation and monitoring
of foundation performance.
A. J. Whittle
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1.366 Geotechnical Engineering

Prereq.: 1.30
G (1)
3-0-6 H-LEVEL Grad Credit

Identification, presentation, and illustration of
principles of soil mechanics. Considers the fol-
lowing topics: the nature of soil; the effective
stress principle; permeability and seepage;
stress-strain-strength behavior of soil; lateral
earth stresses. Applies principles to stability
and deformation problems. Restricted to
graduate students not specializing in Geotech-
nical Engineering. Same lectures as for 1.361.
C. C. Ladd

1.37 Geotechnical Measurements and
Exploration

Prereq.: 1.30
G (1)
3-4-2 H-LEVEL Grad Credit

Application of testing principles to the measure-
ment of fundamental aspects of soil behavior
from classification to engineering properties.
Emphasis on rigorous techniques to measure
mechanical behavior under various boundary
conditions. Exposure to error estimation, re-
search devices, geotechnical field exploration,
and in situ testing. Experiments include data
analysis, evaluation, and presentation.
J. T. Germaine

1.38 Engineering Geology

Prereq.: 1.30, 1.32, or permission of instructor
G (1)
3-1-8 H-LEVEL Grad Credit

Effect of geologic features and processes on
constructed facilities; interaction between man-
made structures and human activities in
general, and the geologic environment. Plan-
ning of subsurface exploration. Engineering
geologic characterization of soil and rock, in-
cluding joint surveys. Laboratory on basic
geologic identification and mapping techni-
ques. Extensive reading of case histories. Oc-
casional field trips.
H. H. Einstein

1.381 Rock Mechanics

Prereq.: 1.38, 1.361
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Introduces theoretical and experimental
aspects of rock mechanics and on this basis
prepares the student for rock engineering. In-
cludes laboratory and field testing; empirical
and analytical methods for describing strength,
deformability, and permeability of intact rock
and rock masses; fracture mechanics and
mechanics of discontinua including flow
through discontinua; design and analysis of
rock slopes and foundations on rock; discus-
sion of blasting design. Alternate years.
H. H. Einstein

1.383 Underground Construction

Prereq.: 1.361, 1.38, or Permission of
Instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Familiarization with the most important aspects
of planning, design, and construction of under-
ground openings in soft ground and rock.
Detailed engineering analysis and design.
Major aspects of construction techniques and
construction planning. General planning and
economic problems. Alternate years.
H. H. Einstein

1.39 Studies in Geotechnical
Engineering

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

For graduate students desiring further in-
dividual study of special topics.
Information: C. C. Ladd.

Construction Engineering and
Management

1.40 Project Management

Prereq.. -
U (2)
3-2-7

Overview of construction industry, its organiza-
tions and interactions. Project and construction
management methodologies presented for
project and company planning, control, and
decision-making. Includes scheduling, account-
ing, estimating, resource planning, organiza-
tion structuring used throughout all project
phases.
Information: C. H. Helliwell.

1.411J Building Construction

(Same subject as 4.402J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-4-5

See description under subject 4.402J.
E. Dluhosch

1.413 Construction Technology and the
Building Development Process

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Investigates the nature of the building design
and construction process with respect to the
contractual, managerial, and financial implica-
tions of alternative technologies and construc-
tion methods. Particular attention to interfaces
between various subsystems (e.g., structure,
cladding, mechanical) and between design
and construction activities. Uses cost estimat-
ing and scheduling as techniques to support
analysis of alternatives.
J. M. Becker

1.417J Reconstruction in the Middle
East

(Same subject as 11.490J)
Prereq.: Permission cf instructor
G (2)
2-0-7 H-LEVEL Grad Credit

See description under subject 11.490J.
R. Gakenheimer, F. Moavenzadeh

1.42J Fundamentals of Energy in Buildings

(Same subject as 4.42J, 2.45J)
Prereq.: 8.02, 18.02
U (1)
3-0-9 REST

See description under subject 4.42J.
L. R. Glicksman

1.421 Productivity and Competitiveness in
Construction

Prereq.' -.

Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Examines US competitiveness in domestic and
international construction markets. Inves-
tigates factors and strategies for improving
competitiveness at the firm level. The first part
of the course treats the nature of productivity
and its sources in technology, economics of
scale, learning-by-doing, scientific manage-
ment, and quality control. Second part address-
es appropriate strategies and implementation
plans for improving productivity and competi-
tiveness.
Information: C. H. Helliwell.
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1.422 Management of Technological
innovation in Construction

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Provides students with a better understanding
of the issues and challenges involved in com-
peting for construction on the basis of new
technology. The course addresses which firms
should innovate, when, where, and how much.
It investigates specific cases of construction in-
novation in order to understand why some in-
novations fail while others succeed. It
compares construction innovation in the US,
Japan, and other countries.
Information: C. H. Helliwell.

1.431 Structuring Construction Industry
Organizations

Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

Examination, from a socio-technical perspec-
tive, of the organizations and organizational
processes underlying the operation of the con-
struction industry. Studies the structure and
functioning of firms, sub-units of firms, and con-
glomerations of firms with regard to the in-
fluence of a wide range of factors including
strategy, human and other resources, and role
in the project development process.
Frameworks for observation, description,
analysis, and design of individual enterprises
presented and applied to real-world situations.
H. G. Irwig

1.432 Project Control

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Concepts, techniques, and computer systems
for planning and control of design and con-
struction projects. Relationship of project
breakdown to performance measurement
using estimating, scheduling, and financial con-
trol. Use of network-based systems for plan-
ning and time control, including CPM, PERT,
and resource constrained scheduling. Integrat-
ing control of costs and time, with cash flow
and manpower projections. Comparison of cur-
rent practice with potential, stressing impacts
of variance and role of knowledge in planning
and control process.
R. D. Logcher

1.44 Law in the Construction Industry
(Revised Units)

Prereq.: -
G (2)
2-0-7 H-LEVEL Grad Credit

Examination of legal theories and relationships
among various parties to construction process.
Use of joint ventures, partnerships, limited
partnerships, corporations, and professional
corporations are considered in framework of
qualifications for design and construction of
public buildings, limitation of professional
liability, and tax consequences. Construction
contract types and key concepts and clauses
are explained. Emphasis given to the role of
design professional, construction manager or
engineer in producing, managing, and interact-
ing with legal profession.
J. B. Miller

1.45 Construction Finance

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Examination of financing methods and struc-
ture, project financial evaluation, and financial
management in the domestic and international
construction industry. Analytical concepts and
methodologies from modern finance theory
and practice presented in lecture/discussions
and applied to case analyses including
problems in cash flow analysis, corporate finan-
cial structure, project finance, and foreign ex-
change exposure. Innovative financial
securities, such as options, and methods such
as privatization and sale-leaseback are ex-
amined. Prior subjects in microeconomics, ac-
counting, and/or corporate finance desirable
but not required.
M. V. Samii

1.46 Strategic Management in the Design
and Construction Value Chain
(Revised Units)

Prereq.: Permission of instructor
G (2)
2-0-7

Examines the fundamental concepts of
strategic planning and management in the con-
text of the engineering and construction in-
dustry. Discusses the basic business
relationships among firms in the design and
construction value chain. Specific topics in-
clude: industry analysis; strategic planning
models; human resource strategy; technology
strategy; strategy in fragmented industries;
and resource allocation. Case method of in-
struction is used, supplemented by extensive
readings.
J. Macomber

1.481 Research Seminar in Construction
Engineering and Management

Prereq.: -
G (1, 2)
1-0-2 H-LEVEL Grad Credit

Seminar intended mainly for master's and doc-
toral candidates in the Center for Construction
Research and Education. Oral and written
presentation by students on thesis activities
and by faculty on research topics.
F. Moavenzadeh, C. H. Helliwell

1.482 Studies in Construction Engineering
and Management

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Individual study of an advanced topic in con-
struction engineering and management,
selected with approval of faculty supervisor.
F. Moavenzadeh

1.498 Research in Construction

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F]

For research assistants in construction en-
gineering and management, when assigned re-
search is not used for thesis, but is approved
for academic credit. Credits for this subject
may not be used for any degree granted by
Course 1.
F. Moavenzadeh

1.499 Teaching in Construction

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F]

For teaching assistants in recognition of educa-
tional value derived from satisfactory perfor-
mance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1.
F. Moavenzadeh

Structural Design and Analysis

1.50 Structural Engineering

Prereq.: 1.04
U (1)
3-2-7

Introduces students to methods for the
analysis of statically determinate and indeter-
minate trusses, beams, and frames. Examples
are: method of sections; conjugate beam
method; moment distribution; etc. Determina-
tion of member forces and structural deforma-
tions (displacements); approximate methods;
structural stability; energy methods (virtual
force method); introduction to matrix methods.
E. Kausel
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1.51 Design of Structures

Prereq.: 1.50
U (1)
4-0-8

Objectives are to develop a solid background
in the principles of structural design of con-
crete and steel structures. Emphasis on con-
temporary design principles. Includes design
of concrete and steel structures for bending,
shear, and axial loads. Behavior and design of
joints and connections. Case studies involving
field trips.
T. C. Triantafillou

1.52 Integrated Engineering Design

Prereq.: 1.30, 1.51, and 14.01
U (2)
2-3-7

Exposure to integrated design of large-scale
engineering systems through hands-on project
work. Encourages creativity, integrated prob-
lem-solving, and critical thinking in the develop-
ment of innovative conceptual and preliminary
designs. Project requires team work in a multi-
disciplinary setting, oral presentations, and writ-
ten reports. Lectures by staff and guest
speakers provide information and insight
relevant to project. Theme area for the project
addresses a single contemporary issue such
as environmental remediation, infrastructure
construction, building systems, and transporta-
tion technology.
S. Shyam Sunder, K. E. Kruckemeyer

1.53 Constructed Facilities Project
Laboratory

Prereq.: 1.59
U (2)
1-5-6 Institute LAB

Concepts, techniques, and devices used to
measure engineering properties of materials.
Emphasis placed on measurement of load-
deformation characteristics of common con-
struction materials, both natural and
fabricated. Half-semester project devoted to
experimental proof of hypothesis on some
aspect of testing or behavior. Emphasis placed
on approximation of testing errors.
J. T. Germaine

1.541 Behavior of Concrete Structures

Prereq.: 1.52
G (1)
3-0-9 H-LEVEL Grad Credit

Strength and deformation of concrete under
various states of stress; failure criteria. Fun-
damental behavior of reinforced concrete struc-
tures and their members. Basis for design, and
code constraints. High-performance concrete
materials and their use in innovative design
solutions. Slabs: yield line theory. Behavior
models and nonlinear analysis. Complex sys-
tems: offshore gravity, containment, and
bridge structures.
0. Buyukozturk

1.543 Planning and Design of Structural
Systems

Prereq.: 1.50, 1.51
G (1)
3-2-7 H-LEVEL Grad Credit

Presents a hierarchical approach to the plan-
ning and design of structural systems, focusing
on the concept planning and preliminary
design stages of the total design process. Em-
phasis on building systems. Nature of interac-
tion between the architectural, engineering,
and construction phases of design is explored.
Broader understanding of aesthetic, contex-
tual, and ethical issues developed in the
design studio through interactive case studies
of existing local area projects.
S. Shyam Sunder, Staff

1.544 Innovative Structural Technologies

Prereq.: 1.541, 1.542
G (2)
3-0-9 H-LEVEL Grad Credit

Modern structural technologies using innova-
tive concepts and advanced construction
materials. Composite action at the materials
and systems level. The role of advanced con-
crete materials, plastics, polymer composites,
and ceramics in structural design. Structural
optimization. Modern prestressing concepts.
Structural control. Classical and innovative
strengthening techniques.
T. C. Triantafillou

1.545 Advanced Design of Structures

Prereq.: 1.541
G (2)
3-0-6 H-LEVEL Grad Credit

Advanced design concepts using innovative
systems and advanced construction materials.
Design issues and techniques for concrete,
steel, and composite structures. Detailed case
studies of particular designs.
0. Buyukozturk

1.551 Computer Aided Engineering I

Prereq.: 1.00 and knowledge of C
G (1)
3-3-6 H-LEVEL Grad Credit

Introduces the basics of graphics, CAD, and
analysis, and provides an introduction to ob-
ject-oriented programming in C++. Investigates
the software design process in the context of
the design of the next generation of CAD and
analysis systems. Issues addressed include
principles of design, hierarchical decomposi-
tion of system structure, evaluation of software
systems, software metrics, measures of com-
plexity, and CASE tools, including structured
programming and object-oriented design. In-
cludes a design project which generates an ob-
ject-oriented CAD and analysis system in C++.
J. Williams

1.552 Computer Aided Engineering II:
Software Development for CAE Systems

Prereq.: 1.551 or Knowledge of C++
G (2)
3-3-6

Software development is concerned with long-
term, large-scale programming projects. Sub-
ject introduces software development
techniques through the development of a typi-
cal CAE package. Students design, manage,
and implement various large-scale software
development projects for CAE. Lectures cover
basic software development techniques and
domain-specific concepts needed to imple-
ment the CAE package.
D. Sriram

1.553J Pattern Recognition and Analysis
(New)

(Same subject as MAS 622J)
Prereq.: A working knowledge of probability
theory and linear algebra
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamentals of characterizing and recogniz-
ing patterns and features of interest in numeri-
cal data. Basic tools and theory for signal
understanding problems with examples from
multi-media, environmental monitoring, com-
puter vision, remote sensing, medical and
biological image processing. Decision theory,
statistical classification, maximum likelihood
and Bayesian estimation, non-parametric
methods, unsupervised learning and cluster-
ing, context-dependent methods. Additional
topics from active research.
R. W. Picard, A. Pentland

1.56J Structural Mechanics in Nuclear
Power Technology

(Same subject as 22.314J, 2.084J, 13.14J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 22.314J.
0. Buyukozturk, J. E. Meyer

1.571 Computational Structural Analysis
and Control
(Revised Content)

Prereq.: 1.51
G (1)
3-0-9 H-LEVEL Grad Credit

Computational methods for structural systems.
Matrix formulations for discrete physical sys-
tems. Elements of structural control theory.
Design and implementation of structural con-
trol algorithms using MATLAB.
J. J. Connor, Jr.
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1.572 Advanced Structural Analysis

Prereq.: 1.51
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9

Analysis of structures composed of plates and
shells. Technical theory of elasticity and tor-
sion, plate stretching and bending, membrane
and bending behavior of shells. Applications to
long-span shell structures such as folded-
plate, cylindrical, dome, dish, and hyperbolic
paraboloid shells, and to structures made of
fibrous, laminated, and layered composite
materials.
S. Shyam Sunder

1.581 Dynamics of Structures and Soils

Prereq.: 1.50 or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Introductory subject on the analysis of struc-
tures and soils for dynamic loads or
earthquakes. Viscously damped single- and
multiple-degree-of-freedom systems. Free
vibrations and normal modes. Forced vibra-
tions induced by structural loads or by ground
motions. Solutions in the time domain: convolu-
tion, modal superposition, time-step integra-
tion. Solutions in the frequency domain using
the fast Fourier transform. Elements of
earthquake engineering: response spectra,
multiple direction of ground motion.
E. Kausel

1.582 Advanced Structural Dynamics

Prereq.: 1.581 or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Semianalytical solutions of mechanical sys-
tems using partial discretization, and applica-
tions to layered media (soils, laminated plates)
subjected to dynamic sources. Miscellaneous
topics such as infinite media and transmitting
boundaries. Non-classically damped systems.
Exponential window method. Substructuring
techniques; interaction between coupled
dynamic systems; applications to soil-structure
interaction. Modal synthesis in the frequency
domain. Alternate years.
E. hausel

1.589 Studies in Structural Design and
Analysis

Prereq.: Permission of instructor
G (1, 2,5S)
Units arranged H-LEVEL Grad Credit

Individual study of advanced subjects under
staff supervision. Content arranged to suit the
particular requirements of the student and in-
terested members of the staff.
Information: J. J. Connor, Jr.

Construction Materials

1.59 Mechanics of Construction Materials

Prereq.: 1.04
U (2)
3-0-6

Develops an understanding of the mechanical
behavior of construction materials. Includes
study of elastic, plastic, and time-dependent
behavior. Deterioration and failure
mechanisms, failure criteria. Applications in-
clude cementitious materials, steel, timber,
masonry, and pavement materials. Materials
by combination.
C. Leung

1.591J Fracture of Structural Materials

(Same subject as 3.90J, 13.16J)
Prereq.: 2.30 or 3.11 or 13.15
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 3.90J.
F. J. McGarry, K. Masubuchi

1.592 Mechanical Behavior of Construction
Materials

Prereq.: -
G (2)
3-2-7 H-LEVEL Grad Credit

Develops an understanding of material be-
havior based on microstructural mechanisms
of deformation. Includes study of elastic, plas-
tic, creep, fracture, and durability behavior. Ap-
plications to traditional construction materials
(steel, concrete, and timber) as well as recent
developments in civil engineering materials
(composites, ice mechanics).
L. J. Gibson

1.593J Mechanical Behavior of Plastics

(Same subject as 3.91J)
Prereq.: 3.064
G (1)
3-2-4 H-LEVEL Grad Credit

See description under subject 3.91J.
F. J. McGarry

1.594J Composite Materials

(Same subject as 3.92J)
Prereq.: 3.064
G (2)
3-2-4 H-LEVEL Grad Credit

See description under subject 3.92J.
F. J. McGarry

1.597 Studies in Construction Materials

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Advanced topics in construction materials
selected by students for individual study with
staff approval.
Information: L. J. Gibson.

1.598 Research in Constructed Facilities

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit

For research assistants in constructed
facilities, when assigned research is not used
for thesis, but is approved for academic credit.
Credits for this subject may not be used for
any degree granted by Course 1.
Information: J. J. Connor, Jr.

1.599 Teaching in Constructed Facilities

Prereq.: -
G (1, 2)
Units arranged [P/D/F]

For teaching assistants, in recognition of
educational value derived from satisfactory per-
formance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1.
Information: J. J. Connor, Jr.

Water Resources and
Environmental Engineering

Hydrodynamics and Coastal
Engineering

1.60 Environmental Fluid Transport
Processes

Prereq.: 1.05 or 2.20 or 10.301
U (1)
4-0-8

Introduction to transport of momentum, mass,
and heat in water and air, based on differential
form of conservation equations. Irrotational, vis-
cous, and turbulent flows. Flow in porous
media. Molecular and turbulent diffusion,
mixing and dispersion in the fluid environment.
Boundary layers and boundary conditions.
Transport of conservation and non-conserva-
tion substances.
0. S. Madsen
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1.62 Free Surface Hydraulics

Prereq.: 1.05
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-1-8

Derivation of the one-dimensional form of the
continuity, momentum, and energy equations.
Boundary resistance. Steady uniform and non-
uniform flow in open channels, including lateral
in-outflow. Significance of the Froude Number;
sub- and supercritical flow and channel transi-
tions. Applications of momentum and energy
principles. Flow controls: weirs, sluice gates,
spillways, stilling basins. Unsteady flows: ele-
ments of floodrouting, overland flow, and oscil-
latory waves.
0. S. Madsen

1.63 Fluid Mechanics and the
Environment

Prereq.: 1.60; exposure to 18.075 or 18.076
preferable
G (1)
3-0-9 H-LEVEL Grad Credit

Survey of general principles and illustrative ap-
plications to the natural environment. Review
of basic conservation laws for viscous fluids.
Potential theory applied to water waves and
seepage flows in porous media. Boundary
layer approximation in various contexts such
as fast flow past a wall or in a jet, geothermal
plumes in a porous medium, and oscillatory
flows. Slow flow around a sphere, with applica-
tions to suspensions. Reynolds equations for
turbulent flows.
C. C. Mei

1.66 Problems in Water Resources and
Environmental Engineering

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Advanced topics selected by students for in-
dividual study with staff approval. Choice of
subjects from theoretical, experimental, and
practical phases of hydromechanics, hydraulic
engineering, water resources, hydrology, and
environmental engineering.
F. M. M. Morel

1.67 Sediment Transport and Coastal
Processes

Prereq.: 1.60
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Emphasizes the quantitative description of the
mechanics of sediment transport in steady and
unsteady flows based on hydrodynamic prin-
ciples. Equations of motion for particles in a tur-
bulent flow, entrainment, bedload, and
suspended load. Bedform mechanics, ripples,
dunes. Flow resistance and boundary-layer
mechanics. Wave-induced longshore currents,
longshore and on-offshore sediment transport.
Coastal protection. Basic theory of water
waves assumed known; contact instructor in
early January.
0. S. Madsen

1.69 Introduction to Coastal
Engineering

Prereq.: 1.05
G (1)
3-0-6 H-LEVEL Grad Credit

Basic hydrodynamics of waves in deep and
shallow water. Linear theory, dispersion, super-
position, spectral representation. Energy, ener-
gy transport, dissipation by bottom friction.
Refraction, diffraction by breakwaters. Some
nonlinear aspects, wave breaking. Empha-
sizes physical interpretation of mathematical
results and their engineering application.
Storm surges, coastal circulation, forecasting
of wind-wave characteristics. Wind-wave statis-
tics, wave forces on piles; breakwater stability.
0. S. Madsen

1.691 Wave Dynamics in Coastal
Engineering

Prereq.: 1.131, 1.69, or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Problems in water waves and currents of inter-
est to coastal engineers. Emphasizes mechani-
cal principles and theoretical methods of
analysis. Topics chosen from the following
areas: ray theory of refraction, wave interac-
tion with longshore bars, scattering of shallow-
water waves, linearized theory of harbor
oscillations. Diffraction by a breakwater. Effect
of entrance losses. Mass transport due to vis-
cosity. Radiation stresses and short-wave/long-
wave interactions. Wave effects on
poro-elastic sea beds. Alternate years.
C. C. Mei

1.692 Wave Dynamics in Oceanographic
Engineering

Prereq.: 1.69, 1.131, or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Problems in waves and currents. Transient
aspects of dispersion and tsunamis. General
theory of floating bodies, linearized radiation
and diffraction, analytical and numerical
aspects. Nonlinear long waves in rivers or near
a coast. Nonlinear short waves; slow modula-
tion and instability of Stokes waves. Effects of
currents or topography on wave evolution.
Nonlinear waves in shallow water: soliton, har-
monic generation, and resonances. Recent ad-
vances. Alternate years.
C. C. Mei

1.693J Physics of Shallow Coastal
Flows
(Same subject as 12.867J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Addresses the physics of coastal flows in
water shallow enough so that boundary mixing
processes and effects of local topography are
important, yet deep enough so that planetary
rotation and buoyancy effects are also impor-
tant. Topics to be covered include linear and
nonlinear tidal flows, buoyancy-driven es-
tuarine and coastal currents, wind-driven flows
in embayments, vertical mixing processes in
homogeneous and stratified flows, and horizon-
tal transport and dispersion processes.
W. R. Geyer, J. H. Trowbridge

1.697J Oceanographic Systems I

(Same subject as 13.990J)
Prereq.: -
G (S)
2-4-6

See description under subject 13.990J.
(Woods Hole Staff)

1.698J Oceanographic Systems I
(Same subject as 13.991J)
Prereq.: -
G (S)
2-4-6

See description under subject 13.991J.
(Woods Hole Staff)

1.699J Special Projects in Oceanographic
Engineering

(Same subject as 13.999J)
Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

See description under subject 13.999J.
(Woods Hole Staff)
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Hydrology and Water Resource
Systems

1.70 Environmental Engineering Clinic
(Revised Content and Units)

Prereq.: Permission of instructor
U (1, 2, S)
0-12-0
Can be repeated for credit

Designed to expose students to real-world en-
vironmental engineering projects and potential
employment opportunities. A list of clinic
projects - encompassing physical, chemical,
and biological aspects of environmental en-
gineering - has been developed in consult-
ation with private and public "sponsors" (local
consulting firms, state agencies, etc.). Stu-
dents select a project, and work jointly with an
individual from the sponsoring firm and an MIT
faculty member. Requires comprehensive writ-
ten report and oral presentation.
E E. Adams

1.705J Water in the Global Environment

(Same subject as 12.302J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
Concepts of hydrologic science; the evapora-
tion process, mechanisms of precipitation for-
mation, runoff generation. The basis for
predicting and understanding the flow of water
through the hydrologic cycle. Variations and
patterns in the cycle of water in the land-atmos-
phere-ocean system. The physical basis for
the formation of diverse climates: e.g. deserts
and rain forests. Regional climates and the
coupled water and energy cycles that maintain
them. The impact of human activity on water in
the global environment and its climatic conse-
quences.
D. Entekhabi

1.71J Introduction to Hydrology

(Same subject as 12.320J)
Prereq.: 1.05 or equivalent
U (1)
4-0-8

Principles of meteorology and climate; earth
water and energy balance; radiation; precipita-
tion formation; evaporation; infiltration; runoff
process. Streamflow analysis. Flood routing
and rainfall-runoff models. Groundwater, well
hydrology. Introduction to hydrologic prob-
abilistic models. Data analysis, design of col-
lection systems. Useful for graduate students
with no hydrology background. Also recom-
mended for earth science students.
D. Entekhabi, R. L. Bras

1.711 Engineering Hydrology

Prereq.: 1.03, 1.05, 1.71J
G (2)
3-0-6 H-LEVEL Grad Credit

Models of hydrologic processes for selected
engineering applications. Rainfall-runoff
models, flood routing, urban hydrology,
flood/drought frequency analysis, loss estima-
tion, groundwater models, and storage
analysis. Data sources for hydrologic models:
instrumentation, measurement systems,
remote sensing. Model limitations and the re-
search-practice gap.
F. E. Perkins

1.712J Sampling, Synthesis, and
Forecasting of Hydrologic Processes

(Same subject as 12.825J)
Prereq.: 18.440 or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

The sampling, synthesis, and forecasting of
signals in geophysics. Emphasizes hydrologic
systems. Study of time series. Correlation and
spectral analysis of periodic and aperiodic sig-
nals. Time and frequency domain analysis of
random processes and fields. Stochastic
simulation of rainfall and runoff. Estimation of
static and dynamic systems. Kriging and Kal-
man filtering techniques. Alternate years.
R. L. Bras

1.713J Landsurface-Atmosphere Interaction

(Same subject as 12.826J)
Prereq.: 1.71J or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Examination of the processes that govern the
exchange of mass, heat, and momentum be-
tween the atmosphere and soil, vegetation,
and open-water surfaces. Techniques for the
estimation of moisture and energy balance at
the surface. Evapotranspiration and hydrother-
mal flux in the soil column. Diagnostics of the
global cycles of moisture and heat; interactions
and feedbacks in the coupled system.
Regional and seasonal variations in the
budgets. Use of remote sensing techniques
and observational tools in sampling surface
and atmospheric conditions. Numerical and
conceptual models for the simulation of heat
and moisture exchange in the earth-atmos-
phere-ocean system.
D. Entekhabi

1.72 Groundwater Hydrology
(Revised Units)

Prereq.: 1.05
G (1)
3-1-8 H-LEVEL Grad Credit

Introduces subsurface flow theory and applica-
tions; storage properties, Darcy equation, flow
nets, mass conservation, the aquifer flow equa-
tion, heterogeneity and anisotropy, regional
vertical circulation, unsaturated flow, and
recharge. Well hydraulics, stream-aquifer inter-
action, distributed- and lumped-parameter
numerical models. Groundwater quality, mixing
cell models, contaminant transport processes,
dispersion, decay and adsorption; pollution
sources. Includes laboratory and computer
demonstrations.
Staff

1.721 Advanced Subsurface Hydrology

Prereq.: 1.72, 18.075, permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Advanced treatment of flow in natural porous
media with applications to resource develop-
ment and environmental protection. Fluid
transport processes in deformable media,
boundary conditions, and problem formulation.
Stochastic treatment of temporal and spatial
variability. Contaminant transport, macrodisper-
sion, tracer tests, salt water intrusion, heat
transport, unsaturated flow and solute
transport, flow and transport in fractured rocks.
Large-scale behavior of heterogeneous media
and uncertainty in model predictions.
L. W. Gelhar

1.725J Chemicals in the Environment: Fate
and Transport

(Same subject as TPP 51J)
Prereq.: Permission of instructor
G (1)
3-0-9
For Institute students in all departments inter-
ested in hazardous substance management
(see TPP listings for other subjects). Emphasis
on man-made chemicals, their movement
through water, air, and soil, and their eventual
fate in the environment. Physical transport, as
well as chemical and biological sources and
sinks, are discussed. Linkages to health ef-
fects, sources and control, and policy aspects.
H. Hemond

1.731 Water Resource Systems I

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Survey of deterministic optimization methods
for management of large-scale water projects.
Linear, integer, nonlinear, and dynamic pro-
gramming illustrated with case studies. Applica-
tions include reservoir and irrigation
development, conjunctive use of surface and
groundwater, and hazardous waste remedia-
tion.
D. McLaughlin
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1.732 Water Resource Systems 11
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Effects of uncertainty on water resource
management. Quantitative methods for
describing and analyzing uncertainty. Real-
time estimation and control. Case studies in-
clude reservoir operations, groundwater
resource development, water quality monitor-
ing. Knowledge of optimization concepts and
random processes required. Alternate years.
D. McLaughlin

Water Quality Control and
Environmental Management

1.75 Limnology and Wetland Ecology

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Dominant physical, chemical, and biological
features of lakes and wetlands: basin geology,
water budget, wind-driven hydromechanical
phenomena, heat balance, thermal stratifica-
tion, radiation environment, biological com-
munities, and cycles of major elements.
Characterization of wetlands, wetland biota,
and chemical conditions of wetlands.
Methodologies of modern limnology, including
field methods and use of models; and current
issues in lake and wetland management. Alter-
nate years.
H. F. Hemond

1.76 Aquatic Chemistry

Prereq.: 5.11 or 5.40
G (1)
3-0-9 H-LEVEL Grad Credit

Quantitative treatment of variables that govern
the chemistry of aquatic systems such as
lakes, oceans, rivers, estuaries, groundwaters,
and wastewaters. Topics: thermodynamics,
binetics, acids and bases, dissolved gases, in-
teractions between solid phases and solutes,
coordination, redox, and sorption. Emphasis
on quantitative study of model systems. Inter-
actions between physical, chemical, and
biological variables in natural waters stressed.
5.60 is a suggested prerequisite.
F. M. M. Morel

1.77 Water Quality Control

Prereq.: 1.05
G (2)
3-0-6 H-LEVEL Grad Credit

Emphasis on mathematical models for predict-
ing distribution and fate of effluents discharged
into lakes, reservoirs, rivers, estuaries, and
oceans. Focuses on formulation and structure
of models rather than on solution techniques.
Role of element cycles, such as oxygen,
nitrogen, and phosphorus, as water quality in-
dicators. Offshore outfalls and diffusion.
Salinity intrusion in estuaries. Thermal
stratification, eutrophication, and sedimenta-
tion processes in lakes and reservoirs.
Staff

1.781 Environmental Remediation
Engineering
(New)

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4 H-LEVEL Grad Credit

Designed to show how the environmental
profession cleans up hazardous waste sites
under current regulatory requirements such as
Super Fund. Detailed case studies and assess-
ment of technological options by practicing
professional engineers in the field. Areas
covered include site investigation, sampling,
data management, site feasibility analysis, risk
assessment, and remedial action plans. As-
signments related to scoping studies, analysis
of existing plans, and choosing strategies for
example cases. May be taken alone or in-
tegrated with 1.782.
D. H. Marks

1.782 Environmental Engineering Practicum
(New)

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-0-8 H-LEVEL Grad Credit

Students focus on a contaminated site and
devise methods for dealing with the contamina-
tion. Designed to reinforce analytical skills
learned in other subjects. Introduces new work
in the area of risk management, project
management, and project evaluation, and
focuses on problem-solving with oral and writ-
ten communication of results. Planned as a
design and integrating project exercise to be
taken concurrently with 1.781, or for other stu-
dents seeking open-ended environmental
design problem-solving experience.
D. H. Marks

1.80 Fundamentals of Ecology
(Revised Units)

Prereq.: 7.012 or 7.013 or 7.014
U (1)
3-1-8 REST

Basic subject dealing with the science of ecol-
ogy; principles of interrelationships between or-
ganisms and their environment. Development
of basic concepts of energy flow and
biogeochemical cycles in ecosystems; produc-
tivity; trophic dynamics; community structure
and stability; competition and predation; evolu-
tion and natural selection; population growth;
and physiological ecology. Emphasis on
aquatic systems.
S. W. Chisho/m

1.81J Chemicals in the Environment:
Toxicology

(Same subject as TOX 104J, TPP 53J)
Prereq.: 5.11
U (2)
3-0-6

See description under subject TOX 104J.
W. G. Thilly, T. C. de Rojas-Walker

1.811J Environmental Law: Pollution
Control

(Same subject as TPP 33J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Reviews and analyzes Federal and state
regulation of air and water pollution and haz-
ardous wastes. Emphasizes use of legal
mechanisms and alternative approaches (such
as economic incentives) to control pollution.
Focuses on the major Federal legislation, the
underlying administrative system, and the com-
mon law in analyzing the goals of pollution con-
trol, economic consequences, and the role of
the courts. Discusses both classical pollutants
and toxic industrial chemicals. Also provides
an introduction to basic legal skills.
N. A. Ashford, C. C. Caldart

1.812J Regulation of Chemicals, Radiation,
and Biotechnology

(Same subject as TPP 34J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Focuses on policy design and evaluation in the
regulation of hazardous substances and
processes. Includes risk assessment, hazard-
ous chemical wastes, toxic air and water pol-
lutants, pesticides, food additives,
pharmaceuticals, radiation and radioactive
wastes, product safety, the Toxic Substances
Control Act, workplace hazards, biotechnol-
ogy, and victims' compensation. Both health
and economic consequences of regulation dis-
cussed.
N. A. Ashford, C. C. Caldart
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1.82 Problems in Aquatic Biology and
Chemistry

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Advanced topics in fields of aquatic chemistry,
aquatic biology, and oceanography. Choice of
independent study, seminar, laboratory, or
field studies. Typical topics include analytical
and bioassay methodologies, nutrient and
trace-metal interactions with aquatic biota, ele-
ment cycles, current issues in oceanography.
S. W. Chisholm, F. M. M. Morel

1.83 Environmental Organic Chemistry

Prereq.: 5.12, 5.60
G (2)
3-0-9 H-LEVEL Grad Credit

Focuses on the processes affecting
anthropogenic organic compounds in the en-
vironment. Uses physical chemical properties
to predict chemical transfers between
environmental compartments (air, water, sedi-
ments, biota). Uses molecular structure-reac-
tivity relationships to estimate chemical,
photochemical, and biochemical transforma-
tion rates. Resulting process models are com-
bined to predict environmental concentrations
(and related biological exposures) of hazard-
ous and natural organic compounds.
P. M. Gschwend

1.84 Aquatic Particles

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

An advanced graduate course on the physical
chemistry of particles in natural waters. Nature
of aquatic particles. Basic surface chemistry of
solids in water. Double-layer theory. Thermo-
dynamics of adsorption. Adsorption models,
equilibrium, and kinetics. Mixed phase solids.
Particle interactions. Stability of suspensions.
Coagulation theory. Size distributions. Role of
coagulation and biota in sedimentation. Alter-
nate years.
F. M. M. Morel

1.85 Wastewater Treatment Engineering

Prereq.: 1.05 or 1.80
G (2)
3-0-6
Theory and design of systems for treating
municipal wastewater. Methods for charac-
terizing wastewater properties. Physical,
chemical, and biological processes, including
primary treatment, and suspended growth and
fixed-film methods for secondary treatment.
Reactor design and process kinetics. State-of-
the-art processes. Sludge processing and dis-
posal. Field trip to local wastewater treatment
plant.
A. Pincince

1.86J Environmental Control Technology

(Same subject as 2.292J)
Prereq.: 1.05, 2.20 or equivalent, 2.40, 5.60,
10.13 or equivalent
U (2)
3-0-9
See description under subject 2.292J.
R. F. Probstein, P. Gschwend

1.87 Microbial Transformations
(Revised Units)

Prereq.: 1.89 or 7.21 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Stresses current research on microbial trans-
formations of organic and inorganic com-
pounds. Topics include aerobic and anaerobic
degradation strategies, degradation of con-
taminants in artificial and natural environ-
ments, biochemistry and molecular biology of
microbial degradations and transformations.
L. Krumholz

1.89 Environmental Microbiology
(Revised Units)

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

A general microbiology subject dealing with
the function of microorganisms in environmen-
tal processes. Topics include microbial cell
structure, bioenergetics, microbial growth, mac-
romolecular structures, microbial fermenta-
tions, elemental cycles, microbial ecology,
biodegradation of wastes, and metal transfor-
mations.
L. Krumholz

1.898 Research in Water Resources and the
Water Environment

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F]

For research assistants in water resources and
the water environment, when assigned re-
search is not used for thesis, but is approved
for academic credit. Credits for this subject
may not be used for any degree granted by
Course 1.
Information: F. M. M. Morel.

1.899 Teaching in Water Resources and the
Water Environment

Prereq.: -
G (1, 2)
Units arranged [P/D/F]

For teaching assistants, in recognition of the
educational value derived from satisfactory per-
formance of assigned duties, and for other
qualified students interested in teaching in this
area as a career. Laboratory, tutorial, or class-
room teaching under supervision of a faculty
member. Credits for this subject may not be
used for any degree granted by Course 1.
Information: F. M. M. Morel.

Special Studies

1.91 Civil and Environmental Engineering
Internship

Prereq.: -
U (1, 2,S)
0-6-0 [P/D/F]
1.92 Advanced Civil and Environmental
Engineering Internship

Prereq.: 1.91
G (1, 2, S)
0-6-0 [P/D/F]
1.91 provides credit for the first two work as-
signments of Course I students affiliated with
the Engineering Internship Program. 1.92 pro-
vides credit for the third and fourth work assign-
ments for students affiliated with the
Engineering Internship Program. Students
register for both 1.91 and 1.92 twice and must
complete both work assignments in order to
receive academic credit for the subjects. Enroll-
ment limited to students registered in the
Course I Internship Option.
Information: 0. Buyukozturk.

1.961-1.966 Special Graduate Studies in
Civil and Environmental Engineering

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Graduate subjects taught experimentally; spe-
cial subjects offered by visiting faculty; semi-
nars on topics of current interest.
Information: E. Kausel.

1.968 Graduate Studies in Civil and
Environmental Engineering

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged
Can be repeated for credit

Individual study, research, or laboratory inves-
tigations at the graduate level, under faculty
supervision.
Information: E. Kausel.

1.969 Graduate Studies in Civil and
Environmental Engineering

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Individual study, research, or laboratory inves-
tigations at the graduate level, under faculty
supervision.
Information: E. Kausel.



18D School of Engineering

1.970-1.977 Special Graduate Studies in
Civil and Environmental Engineering

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Graduate subjects taught experimentally; spe-
cial subjects offered by visiting faculty; semi-
nars on topics of current interest.
Information: E. Kausel.

1.978-1.979 Special Graduate Studies in
Civil and Environmental Engineering

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged [P/D/FJ
Can be repeated for credit

Graduate subjects taught experimentally; spe-
cial subjects offered by visiting faculty; semi-
nars on topics of current interest.
Information: E. Kausel.

1.980J Thesis Proposal Seminar

(Same subject as TPP 14J)
Prereq.: Thesis Registration
G (1, 2)
1-0-2 H-LEVEL Grad Credit
Can be repeated for credit

See description under subject TPP 14J.
R. de Neufville, J. Ehrenfeld, M. Lipsky,
R. Tabors

1.991, 1.992 Special Undergraduate Studies
in Civil and Environmental Engineering

Prereq.: Permission of instructor
U (1, IAP, 2)
Units arranged
Can be repeated for credit

Undergraduate subjects taught experimentally;
special subjects offered by visiting faculty;
seminars on topics of current interest. 1.991 is
taught P/D/F.
Information: D. Veneziano.

1.993-1.995 Special Undergraduate Studies
in Civil and Environmental Engineering

Prereq.: Permission of instructor
U (1, IAP, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Undergraduate subjects taught experimentally;
special subjects offered by visiting faculty;
seminars on topics of current interest. 1.995 is
graded. Other numbers are taught P/D/F.
Information: D. Veneziano.

1.999 Undergraduate Studies in Civil and
Environmental Engineering

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Individual study, research, or laboratory inves-
tigations under faculty supervision.
Information: D. Veneziano.
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Course 2 Mechanical Engineering

For degree requirements, see listing in
Chapter VII under the School of
Engineering.

2 UR Undergraduate Research in
Mechanical Engineering

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

2 URG Undergraduate Research in
Mechanical Engineering
(New)

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Individual study, research, or laboratory inves-
tigations under faculty supervision, including in-
dividual participation in an ongoing research
project. See projects listing in Undergraduate
Office, 3-154, for guidance. Coordinator: D. G.
Wilson.

Mechanics, Dynamics, and
Acoustics

2.01 Mechanics of Solids

Prereq.: 8.01, 18.02
U (1, 2)
5-0-7 REST

Introduces mechanics of continuous deform-
able media, emphasizing three-dimensional re-
quirements of force equilibrium, geometric
compatibility, and constitutive behavior. Stress
and its relation to force and moment. Strain
and its relation to displacement. Linear elas-
ticity with thermal expansion. Failure modes.
Applications to stress distributions and defor-
mations of rods, shafts, beams, and other
simple structures of engineering importance.
Emphasizes computer methods and matrix
structural analysis.
M. P. Cleary, L. L. Bucciarelli, Jr.

2.02 Introduction to Systems Dynamics

Prereq.: 8.01, 18.02
U (1, 2)
4-0-8 REST

Dynamic modeling by linear and nonlinear
lumped multiport elements of physical sys-
tems. Unified treatment of active and passive
mechanical, fluid, electrical, thermal, and
electronic devices and systems. Concept of
state and state variables. Formulation and
solution of state equations by direct analysis,
and by digital computer methods. Dynamic
response and stability of linear systems. Sys-
tem functions, pole-zero configurations, and
their interpretation. Generalized impedance
and source equivalents. Extensive use of en-
gineering examples.
D. Rowell

2.03J Dynamics

(Same subject as 13.013J)
Prereq.: 2.01, 2.02, 18.03 or 13.015
U (1, 2)
4-0-8

Dynamics of lumped and continuous models of
mechanical, electrical, and electro-mechanical
systems. Kinematics and dynamics of rigid
bodies in two- and three-dimensional motions.
Formulation of equations of motion by momen-
tum principles and Lagrange's equations. Be-
havior of linearized models: natural modes and
frequency response of lumped systems, wave
transmission and reflection in continuous sys-
tems.
J. H. Williams, Jr., J. K. Vandiver

2.032 Dynamics

Prereq.: 2.03J
G (1)
3-0-9 H-LEVEL Grad Credit

Momentum principles and energy principles.
Lagrange's equations, Hamilton's principle. Ap-
plications to mechanical systems including
gyroscopic effects. Study of steady motions
and nature of small deviations therefrom.
Natural modes and natural frequencies for con-
tinuous and lumped parameter systems.
Forced vibrations. Dynamic stability theory.
Causes of instability.
J. H. Williams, Jr.

2.034 Nonlinear Dynamics

Prereq.: 2.032
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

A unified treatment of nonlinear phenomena in
the dynamics of discrete and continuous sys-
tems. Qualitative methods of analysis, phase
plane techniques. Quantitative analysis of
weakly nonlinear systems in free and forced
vibrations; perturbation methods, nonlinear
resonances, self-excited oscillations, lock-in
phenomena. Introduction to nonlinear stability
and bifurcation theory, nonlinear wave
propagation, solitons. Applications are made
to mechanical, fluid, electrical, and flow-struc-
ture interaction problems.
T. R. Akylas

2.05 Kinematics and Dynamics of
Mechanisms and Manipulators

Prereq.: 2.03J
G (1)
3-0-9 H-LEVEL Grad Credit

Analyzes kinematic and dynamic charac-
teristics of planar and spatial mechanisms, in-
cluding machines and robotic manipulators.
Use of vector, graphical, and 4 by 4 matrix
methods for kinematic analysis. An introduc-
tion to graphical and computer methods for
kinematic synthesis of mechanisms. Methods
for dynamic analysis of mechanisms, and the
use of digital simulation techniques. Systems
include rigid and flexible elements and active
control systems. Applications from industrial
machine systems and robotic manipulators.
S. Dubowsky, H. West

2.06J Mechanical Vibration

(Same subject as 13.80J, 13.801)
Prereq.: 13.013J
U (2)
4-0-8

See description under subject 13.80J.
R. H. Lyon, J. K. Vandiver
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2.060J Principles of Acoustics

(Same subject as 13.81J)
Prereq.: 13.013J or 2.03J or 16.040, 18.075
G (1)
3-0-9 H-LEVEL Grad Credit

With subject 2.063J, forms a two-term se-
quence of advanced acoustics; to be taken in
either order. Acoustics of fluids, sources of
sound, radiation, diffraction and scattering.
Energy density and intensity, radiation im-
pedance and directivity. Thermoacoustics.
Reciprocity. Moving sources. Aeroacoustics
and hydroacoustics.
J. R. Fricke

2.061 Random Vibration

Prereq.: 2.03J, 18.075
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Description of stochastic processes. Impulse
response and frequency response of linear
time-invariant dynamic systems. Correlations
and spectra of stationary response. Crossing
rates, peaks, and envelopes. Failure under ran-
dom loading. Poisson pulse processes. Meas-
urement, identification, and response
problems. Coherence. Space-time correlations
and cross-spectra. Digital data processing.
Cepstrum analysis. Applications to vehicles
and structures subjected to wide-band random
excitation.
R. H. Lyon

2.062 Wave Propagation

Prereq.: 2.03J, 18.075
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Wave concepts in applied mechanics with ex-
amples chosen from elasticity, acoustics,
geophysics, hydrodynamics, and related sub-
jects. Plane wave theory, dispersion, phase
and group velocities, wave impedance, energy
density and intensity. Theory of characteristics.
Reflection and refraction, wave guides, and
boundary waves. WKB method, Green's law,
and wave action. Generation, transmission,
and reception of waves. Water waves,
Rayleigh waves, waves in periodic structures.
T. R. Akylas

2.063J Sound and Structural Vibration

(Same subject as 13.82J)
Prereq.: 2.03J or 16.040 or 18.075
G (2)
3-0-9 H-LEVEL Grad Credit

With subject 2.060J, forms a two-term se-
quence in acoustics at advanced level; to be
taken in either order. Transmission of vibration
in structures and interaction with sound fields.
Dynamics of sound fields and longitudinal,
shear, and flexural vibrations. Normal modes,
phase and group velocity, energy decay.
Radiation impedance and input and transfer
mobility of structural elements. Statistical ener-
gy analysis, reciprocity, energy sharing be-
tween structures and sound fields.
R. H. Lyon, P. Leehey

2.066 Machinery Noise and Diagnostics

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Uses basic ideas about vibration generation
and transmission and sound radiation in
design of quieter machines. Excitation
mechanisms are impact, dimensional varia-
tions, and fluid flow. Vibration transmission
models include transmission line and S.E.A.
Criteria for acceptable levels of noise and
vibration are discussed. Vibration signatures in
time and frequency domains for diagnostic pur-
poses are described. Energy vs time and vs
frequency, and waveform reconstruction are
discussed as techniques for obtaining diagnos-
tic signatures. Alternate years.
R. H. Lyon

2.067J Structural Acoustics

(Same subject as 13.83J)
Prereq.- -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

This advanced level subject deals with various
topics in the transmission of vibrational energy
through structures, and the interaction of struc-
tural vibrations with surrounding and contained
fluid regions. Faculty members will lead discus-
sions of these topics using published papers
and research reports. Topics will vary depend-
ing on research activities in the Structural
Acoustics Program. A good background in
dynamics, applied mathematics, and structural
mechanics will be assumed. Background
courses in acoustics and structural wave
propagation are recommended. Alternate
years.
Y. Guo

2.072 Mechanics of Continuous Media

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Principles and applications of continuum
mechanics. Kinematics of deformation. Ther-
momechanical conservation laws. Stress and
strain measures. Constitutive equations. Solu-
tion of some basic problems for various
materials as relevant in metallurgy,
geomechanics, fluid dynamics, and structural
analysis. Inherently nonlinear phenomena in
continuum mechanics.
M. P. Cleary, R. Abeyaratne

2.073 Solid Mechanics - Plasticity and
Inelastic Deformation

Prereq.: 2.30
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Focuses on analysis of inelastic deformations
of solids, emphasizing behavior of polycrystal-
line metals. Develops continuum constitutive
models including consideration of physical
bases of deformation. Limit analysis of con-
tinua, structures, and polycrystalline ag-
gregates. Variational formulations of governing
equations including finite element implementa-
tion.
D. M. Parks, L. Anand

2.083 Applied Elasticity

Prereq.: 2.01, 18.075
G (1)
3-0-9 H-LEVEL Grad Credit

Introduces the theory and applications of
linearized elasticity. Review of kinematics,
kinetics, and the constitutive law. Anisotropic
material behavior. Several of the following
topics: plane problems; singular problems in-
volving cracks, point loads, dislocations. Tor-
sion of noncircular cylinders. Energy theorems
and applications. Linear elastic fracture
mechanics. Fundamental three-dimensional
problems. Variational principles and applica-
tions. Structural mechanical approximations for
beams, plates, and shells. Introduction to
wave propagation.
J. H. Williams, Jr., R. Abeyaratne

2.084J Structural Mechanics in Nuclear
Power Technology

(Same subject as 22.314J, 1.56J, 13.14J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 22.314J.
J. E. Meyer, 0. Buyukozturk

2.092 Methods of Engineering Analysis

Prereq.: 18.075
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Study of nature of complex problems in en-
gineering analysis and of means of obtaining
practical solutions. Survey of formulations of
mathematical models for complex physical
situations and of computational procedures for
their solution. Examples chosen from
mechanics, hydraulics, heat transfer, elasticity,
compressible flow, etc. Numerical methods in-
cluding iteration, variational, finite difference,
and finite element methods.
K. J. Bathe, T. R. Akylas
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2.093 Computer Methods in Dynamics

Prereq.: 2.03J, 18.075
G (2)
3-0-9 H-LEVEL Grad Credit

Formulation of finite element methods for
analysis of dynamic problems in solids, struc-
tures, fluid mechanics, and heat transfer. Com-
puter calculation of matrices and numerical
solution of equilibrium equations by direct in-
tegration and mode superposition. Effective
eigensolution techniques for calculation of fre-
quencies and mode shapes. Digital computer
coding techniques and use of an existing
general purpose finite element analysis pro-
gram. Modeling of problems and interpretation
of numerical results.
K. J. Bathe

2.094 Theory and Practice of Continuum
Mechanics

Prereq.: 2.01, 18.075
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Basic principles of continuum mechanics and
finite element methods, modern application to
solution of practical problems in solid, struc-
tural, and fluid mechanics, heat and mass
transfer, other field problems. Kinematics of
deformation, strain and stress measures, con-
stitutive relations, conservation laws, virtual
work, and variational principles. Discretization
of governing equations using finite element
methods. Solution of central problems using
existing computer programs. Alternate years.
K. J. Bathe

System Dynamics and
Control

2.101 Computer Models of Physical and
Engineering Systems

Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. R. Williams

2.14 Control System Principles

Prereq.: 2.02
U (1, 2)
3-2-7
Introduction to analysis and synthesis of feed-
back systems. Functional description of linear
and nonlinear systems. Block diagrams and
signal flow graphs. State-space representation
of dynamical systems. Transient response
using convolution integral and computational
techniques. Root locus and frequency
response methods. Performance indices and
error criteria. Controller realization. Examples
of pneumatic, hydraulic, electronic, and
electromechanical control systems.
D. Rowell

2.141 Modeling and Simulation of Dynamic
Systems

Prereq.: 2.151
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Mathematical modeling of complex engineer-
ing systems at a level of detail compatible with
the design and implementation of modern con-
trol systems. Wave-like and diffusive energy
transmission systems. Multiport energy storing
fields and dissipative fields; consequences of
symmetry and asymmetry. Nonlinear
mechanics and canonical transformation
theory. Examples will include mechanisms,
electromechanical transducers, electronic sys-
tems, fluid systems, thermal systems, compres-
sible flow processes, chemical processes.
N. Hogan

2.151 Advanced System Dynamics and
Control

Prereq.: 2.02, 2.14, 18.06
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Analytical and graphical descriptions of state-
determined dynamic physical systems; time
and frequency domain representations; sys-
tem characteristics - controllability, obser-
vability, stability; linear and nonlinear system
responses. Modification of system charac-
teristics using feedback. State observers, Kal-
man filters. Modeling/performance trade-offs in
control system design. Emphasis on applica-
tion of techniques to physical systems.
N. Hogan, D. Rowe/I

2.152 Nonlinear Control System Design

Prereq.: 2.151 or 6.233J, or 6.241, or
equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Introduction to applied nonlinear control. Non-
linear stability theory. Feedback linearization,
sliding surfaces, model-reference adaptive non-
linear control. Emphasis on applications to
physical systems (aircraft, robots, spacecraft,
underwater vehicles).
J.-J. E. Slotine

2.156J Dynamics of Nonlinear Systems

(Same subject as 6.243J, 16.337J)
Prereq.: 18.100, 18.06; 6.233J or 6.241
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Alternate years. See description under subject
6.243J.
N. Hogan, J. L. Wyatt, Jr., M. Dahleh,
R. Ramnath

2.157J Design and Implementation of
Computer-Aided Engineering Systems

(Same subject as 13.471J)
Prereq.: Permission of instructor
G (1)
3-2-7 H-LEVEL Grad Credit

Overview of existing CAE systems; architec-
ture of high-performance graphic displays in
engineering workstations; orthographic and
perspective display transformations;
parametric representation of curves and sur-
faces; elementary differential geometry; inter-
active graphics; bicubic surface patches;
image generation; NC tool paths; solid model-
ing; advanced research topics; project
management for software development. Group
projects emphasize CAE system development.
Programming proficiency required.
D. C. Gossard, N. M. Patrikalakis

2.158J Computational Geometry

(Same subject as 13.472J)
Prereq.: 2.157J/13.471J
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 13.472J.
D. C. Gossard, N. M. Patrikalakis

2.160 Intelligent Control and Sensing

Prereq.: Permission of instructor
G (1)
3-2-7 H-LEVEL Grad Credit

Introduces techniques of learning, adaptation,
and high-level control. Neural networks; as-
sociative memory, multi-layer neural nets,
error back propagation, recurrent nets, reinfor-
cement learning, and function approximation
using radial basis functions. Introduction to
fuzzy sets, fuzzy linguistic control, frame-
based systems, and expert control systems.
Applications to robots, vehicles, manufacturing
processes, and various physical plants. Com-
puter laboratories and term projects. Program-
ming experience is recommended.
H. Asada

2.161 Analysis and Design of Discrete Time
Systems

Prereq.: 2.14 and 2.02, or 2.151
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

The use of discrete time methods in the
analysis and monitoring of physical processes.
Data sampling and reconstruction methods.
The design and analysis of mixed continuous
and discrete time systems, the design and im-
plementation of digital filters, and on-line sys-
tem identification methods. The discrete
Fourier Transform and applications. Statistical
signal analysis methods, including power
spectral analysis and correlation methods. The
subject includes laboratory exercises and re-
quires some programming experience.
D. Rowe/I
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2.165 Robot Design and Control
(Revised Units)

Prereq.: 2.14 or permission of instructor
G (2)
3-2-7

Dynamic analysis, design, and control of
robots and electromechanical systems.
Kinematics and dynamics of multi-input, multi-
output rigid body systems. Inverse kinematics,
inverse dynamics, and computed torque con-
trol. Adaptive and learning control. Force feed-
back, and visual servoing. Programming, task
strategy planning, and teleoperation. Ac-
tuators, sensors, and component technology.
Integrated mechanism/control design; model-
ing and control of flexible robots and struc-
tures. Digital implementation of control
algorithms; experiments using table-top
robots; term projects; and laboratory
demonstrations.
H. Asada, J.-J. E. Slotine, K. Youcef-Toumi

2.171 Analysis and Design of Digital
Control Systems

Prereq.: 2.14, 2.151
G (2)
3-3-6 H-LEVEL Grad Credit

A comprehensive introduction to control sys-
tem synthesis in which the digital computer
plays a major role, reinforced with hands-on
laboratory experience. Covers elements of real-
time computer architecture; input-output inter-
faces and data converters; analysis and
synthesis of sampled-data control systems
using classical and modern (state-space)
methods; analysis of trade-offs in control algo-
rithms for computation speed and quantization
effects. Laboratory projects emphasize practi-
cal digital servo interfacing and implementation
problems with timing, noise, nonlinear devices.
D. Rowell

2.173 Instrumentation for Measurement,
Analysis, and Control

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9
Case studies of instrument systems for meas-
urement, analysis, and control selected from
research and industrial examples. Measure-
ment of primary quantities (temperature, pres-
sure, composition, force, flow) with
assessment of resolution and accuracy.
Analog and digital techniques for data acquisi-
tion, processing, storage, and display.
Dynamic measurements applied to industrial
process control. Economics, reliability, and
failure analysis in instrument design. Enroll-
ment limited.
C. F. Dewey

2.181J Human Factors Engineering
(Revised Units)

(Same subject as 16.453J, 16.400)
Prereq.: 2.14 or 16.060
G (2)
3-1-8 H-LEVEL Grad Credit

See description under subject 16.453J.
T. B. Sheridan, G. Zacharias, L. R. Young

2.182J Human Supervisory Control of
Telerobots and Flight Vehicles
(Revised Units)

(Same subject as 16.422J)
Prereq.: Permission of instructor
G (2)
3-1-8 H-LEVEL Grad Credit

Principles of supervisory control and
telerobotics. Different levels of automation are
discussed, as well as the allocation of roles
and authority between humans and machines.
Human-vehicle interface design in highly
automated systems. Decision aiding.
Tradeoffs between human control and human
monitoring. Automated alerting systems and
human intervention in automatic operation. En-
hanced human interface technologies such as
virtual presence. Performance, optimization,
and social implications of the human-automat-
ion system. Examples from aerospace,
ground, and undersea vehicles, robotics, and
industrial systems.
T. B. Sheridan, R. J. Hansman

2.192 Engineering Systems Analysis

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. de Neufville, J. P. Clark, F. Field

Fluid Mechanics and
Combustion

2.20 Fluid Mechanics

Prereq.: 18.02, 18.03
U (1, 2)
4-0-8 REST

Introduces incompressible flows. Hydrostatics.
Mass conservation equation. Differential equa-
tion of motion for inviscid flows. Bernoulli's
equation. Linear and angular momentum
theorems and applications to engineering
problems. Vorticity and irrotational flows. Equa-
tions governing viscous fluid flow, and some
special solutions. Boundary layers. Dimen-
sional analysis, modeling, and design in fluids
engineering. Conservation of energy. Flows
with head losses and gains in ducts and pipes.
H. K. Kytomaa

2.25 Advanced Fluid Mechanics
(Revised Units)

Prereq.: 2.20; 18.075 or 18.085
G (1)
4-0-8 H-LEVEL Grad Credit

Survey of principal concepts and methods of
fluid dynamics. Mass conservation, momen-
tum and energy equations for continua. Sur-
face tension. Navier-Stokes equations for
viscous flows. Similarity and dimensional
analysis. Lubrication theory. Boundary layers
and separation. Circulation and vorticity
theorems. Potential flow. Introduction to tur-
bulence. Lift and drag.
A. A. Sonin

2.271 Compressible Fluid Mechanics

Prereq.: 2.20, 2.40
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamental survey of compressibility effects
in transient and steady flows. Examples from
engineering practice. Sound propagation.
Steady one-dimensional flows with area
change, shock and detonation waves, friction,
and energy exchange. Unsteady one-dimen-
sional flows: wave phenomena, method of
characteristics, shocks, and rarefactions.
Steady, two-dimensional subsonic and super-
sonic flows. Water and traffic flow analogs of
compressible flow.
R. F. Probstein, R. D. Kamm

2.272J Physicochemical Hydrodynamics

(Same subject as 10.53J)
Prereq.: 10.50, 2.25
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Fundamentals of physical-chemical interac-
tions with fluid flow including aspects of bio-
molecular hydrodynamics. Transport of mass,
heat, and charge in laminar flow. Particle-liquid
flows with and without charge effects. Macro-
molecules as hydrodynamic particles with ap-
plication to separation processes. Surface
tension, phase change, and chemical reac-
tions in flows. Suspension rheology.
R. F. Probstein, H. Brenner

2.273 Turbulent Flow and Transport

Prereq.: 2.25
G (2)
3-0-9 H-LEVEL Grad Credit

Turbulent flows, with emphasis on engineering
methods. Governing equations for momentum,
energy, and species transfer. Turbulence: its
production, dissipation, and scaling laws.
Averaged (Reynolds) equations for momen-
tum, energy, and species transfer. Simple
closure approaches for free and bounded tur-
bulent shear flows: jets, pipe and channel
flows, boundary layers, plumes, dispersion
problems, etc., including heat and species
transport as well as flow fields. Introduction to
more complex closure schemes and statistical
methods in turbulence.
A. A. Sonin
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2.274 Computational Fluid Dynamics_

Prereq.: 2.25
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Modern treatment of finite element methods
for incompressible viscous fluid flows. Formula-
tion, theoretical analysis, implementation, and
application of discretizations and direct/itera-
tive solvers for elliptic, Stokes, convection-dif-
fusion, and Navier-Stokes equations. Focus on
time-independent equations. Computer assign-
ments requiring programming.
A. T. Patera

2.277 Biomedical Fluid Mechanics

Prereq.: 2.20
G (2)
3-0-9 H-LEVEL Grad Credit

Engineering approach to the function of cir-
culatory and respiratory systems and to other
problems in physiology involving fluid
dynamics. Reviews relevant anatomy and
physiology emphasizing quantitative considera-
tions. Presents and discusses mathematical or
engineering models in relation to physiological
phenomena they are intended to simulate.
Directed to graduate students in engineering
and science, but open to medical students and
undergraduates with the permission of the in-
structor.
R. D. Kamm, C. F. Dewey

2.280 Fundamentals and Modeling in
Combustion

Prereq.: 2.20, 2.40
G (2)
3-0-9
Fundamentals and modeling of physical gas
dynamics and combustion using analytical and
numerical methods. Conservation equations of
reacting flows. Chemical thermodynamics and
kinetics. Non-equilibrium flow. Detonation and
boundary layers. Ignition, flammability, and ex-
tinction. Premixed and diffusion flames. Com-
bustion instabilities. Supersonic combustion.
Turbulent combustion. Fire, safety, and en-
vironmental impact.
A. F. Ghoniem

2.29J Air Pollution Control

(Same subject as 10.71J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 10.71J.
G. J. McRae

2.292J Environmental Control Technology

(Same subject as 1.86J)
Prereq.: 1.05, 2.20 or equivalent, 2.40, 5.60,
10.13 or equivalent
U (2)
3-0-9
An introduction to industrial and municipal sour-
ces of gaseous, liquid, and solid-waste pol-
lutant discharges. Technologies for minimizing
air, water, and solid waste pollution with em-
phasis on industrial sources. Optimum process
combinations to minimize or eliminate pollutant
emission at source. Process recycle, redesign,
and economic considerations.
R. F. Probstein, P. Gschwend

Materials

(See also listings under Polymers and
Fibers.)

2.30 Mechanical Behavior of Materials
(Revised Units)

Prereq.: 2.01, 2.671
U (1, 2)
4-2-9

Introduces mechanical behavior of engineering
materials, and the use of materials in mechani-
cal design. Emphasizes both the fundamentals
of mechanical behavior of materials as well as
design with materials. Major topics: linear
isotropic and anisotropic elasticity - com-
posite materials; fracture and fatigue; rate-inde-
pendent plasticity; creep and rate-dependent
plasticity, creep fracture; friction, wear, and cor-
rosion. Materials selection. Laboratory experi-
ments involving projects related to materials in
mechanical design. Limited enrollment.
L. Anand, D. M. Parks, M. C. Boyce,
M. F. Sylvester

2.302J Physics of Inelastic Deformation of
Solids

(Same subject as 3.25J)
Prereq.: 2.30 or 2.305
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Rate mechanisms in crystal plasticity, kinetics
and dynamics of slip, superposition of flow
stress mechanisms. Inelastic deformation in
non-metals, visco-plasticity of metallic, inor-
ganic, and polymeric glasses; plasticity of crys-
talline polymers; statistical theory of
elastomeric behavior. Macro-plasticity in
polycrystalline metals and in polymers. Strain
hardening and recovery. Macroscopic three-
dimensional constitutive relations for inelastic
deformation usable in computational
mechanics. Alternate years.
A. S. Argon

2.303J Micro Mechanisms of Fracture

(Same subject as 3.26J)
Prereq.: 2.30 or 2.305
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Fundamental crack tip solutions. Cohesive
strength of pure solids and interfaces. Micro-
crack initiation. Brittle fracture in tension and
compression. Static fatigue. Toughening of brit-
tle solids by crack tip shielding and trapping or
bridging. Ductile fracture by plastic cavitation.
Intergranular fracture at elevated tempera-
tures. Brittle to ductile transitions in fracture.
Fracture of composites. Fracture in cyclic
deformation. Examples drawn from all
prominent structural solids. Alternate years.
A. S. Argon

2.305 Advanced Mechanical Behavior of
Materials
(Revised Content)

(2.301)
Prereq.: 2.01, 3.091
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Fundamentals of the mechanical behavior of
materials. An application-oriented approach is
used to deal with performance controlling
phenomena in design for total service life, as
well as material behavior during deformation
processing based on stiffness, deformation,
and fracture resistance under steady and
cyclic loads. Basic topics include elastiscity,
rubber elasticity, creep, plasticity, viscoelas-
ticity, fracture, fatigue, and wear.
A. S. Argon, M. C. Boyce

2.33 Finite Element Applications in
Mechanics and Materials

Prereq.: 2.01, 2.30
U (2)
3-1-8

Focuses on solving problems in advanced
strength of materials using approximate
numerical methods. Emphasis placed on the
three-dimensional nature of "real" solid and
structural mechanics problems. Small-strain
linear thermo-elastic constitutive relations for
homogeneous and composite materials
reviewed. Introduction to the finite element
method given. Approximations inherent in
numerical analyses of problems discussed in
detail. Extensive applications of the finite ele-
ment method for problem solution undertaken
with emphasis on practical aspects of modell-
ing. Solutions utilized in materials and design-
oriented applications.
M. C. Boyce, D. M. Parks
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2.35 Role of Microstructure in Mechanical
Behavior

Prereq.: 2.30
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9

Equilibrium and non-equilibrium means of ob-
taining diverse microstructures in engineering
solids. Micromechanisms that govern the defor-
mation and fracture resistance of materials
with different microstructures. Discussion of
specific examples from prominent industrial al-
loys, polymers, composites, and cellular solids.
A. S. Argon

Thermodynamics and
Statistical Mechanics

2.40 Thermodynamics

Prereq.: 8.02, 18.03
U (1, 2)
4-0-8 REST

Classical thermodynamics emphasizing
relationship of fundamental laws to practical
physical situations. Work, heat, energy
change, and the first law of thermodynamics.
Thermodynamically coupled systems.
Temperature, equilibrium, and reversibility.
Second law of thermodynamics, entropy, and
available energy. Power and refrigeration
cycles. Analysis of bulk flow and open sys-
tems. The pure substance model for solid, liq-
uid, and gaseous phases. Applications to
engineering systems. Introduction to the
methodology of computational ther-
modynamics.
J. L. Smith, Jr., J. B. Heywood

2.41J Thermal Power Engineering

(Same subject as 13.25J)
Prereq.: 2.40
U (2)
3-0-9

Examines current and future thermal power
systems. Introduction to combustion and the
design of turbomachinery. Analyses of various
power plants including Rankine, Brayton, Otto,
Diesel, and refrigerating systems. Applications
include land-based and marine power plants.
Consideration of pollution and environmental
issues.
E. G. Cravalho, A. D. Carmichael

2.45J Fundamentals of Energy in Buildings_

(Same subject as 4.42J, 1.42J)
Prereq.: 8.02, 18.02
U (1)
3-0-9 REST

See description under subject 4.42J.
L. R. Glicksman

2.451J General Thermodynamics

(Same subject as 22.571J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

General foundations of thermodynamics valid
for small and large systems, and equilibrium
and nonequilibrium states. Definitions of work,
energy, stable equilibrium, available energy,
entropy, thermodynamic potential, and interac-
tions other than work (nonwork, heat, mass
transfer). Applications to properties of
materials, bulk flow, energy conversion, chemi-
cal equilibrium, combustion, and industrial
manufacturing.
E. P. Gyftopoulos

Heat and Mass Transfer

2.51 Introduction to Heat Transfer

Prereq.: 2.20, 2.40
U (1, 2)
3-0-9

Heat conduction in solids; steady and transient
states; finned surfaces. Heat and momentum
transfer associated with laminar and turbulent
flow of fluids in forced and free convection;
fully developed flows and boundary layer
development in ducts over flat plates and blunt
bodies, through tube bundles and packed
beds. Condensation. Boiling. Heat exchanger
design. Radiative heat transfer.
B. B. Mikid

2.54 Heat Transfer

Prereq.: -
G (2)
3-0-3

Fundamentals of conduction, radiation of heat,
and effects of convection, with applications to
problems arising in practice. Primarily for
selected officers of US Navy and Coast Guard.
B. B. Mikid

2.55 Convective Heat and Mass Transfer

Prereq.: 2.51
G (1)
3-0-9 H-LEVEL Grad Credit

Develops similarity between heat, momentum,
and mass transfer in forced and buoyancy-
driven flows. Covers mechanisms of diffusional
transport, and both laminar and turbulent inter-
nal and external flows. Mass transfer in dilute
and non-dilute systems. Simultaneous heat
and mass transfer with change of phase.
J. H. Lienhard, B. B. Mikid

2.56 Conduction and Change of Phase Heat
Transfer

Prereq.: 2.51, 18.075
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9

Solutions of steady and transient heat conduc-
tion problems in orthogonal coordinate sys-
tems with various boundary conditions.
Approximate methods: application of numeri-
cal techniques. Moving boundaries: problems
in freezing and melting. Condensation heat
transfer. Boiling: mechanisms and heat trans-
fer correlations. Thermal modeling of engineer-
ing systems. Thermal contact resistance.
B. B. Mikid

2.57J Two-Phase Flow and Heat Transfer

(Same subject as 22.36J)
Prereq.: 22.312 or 2.20
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 22.36J.
N. E. Todreas, P. Griffith, H. K. Kytomaa

2.58J Radiative Transfer

(Same subject as 10.74J)
Prereq.: 10.302 or 2.51
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Principles of thermal radiations and their ap-
plication to engineering heat transfer
problems. Basic laws of thermal radiation.
Radiative properties of surfaces. Radiant inter-
change among surfaces separated by a
transparent medium. Thermal radiation charac-
teristics of gases and particle clouds. Radiative
interchange through absorbing, emitting, and
scattering media. Application to furnaces, high-
temperature processing, pyrometry, insulation,
and solar energy.
L. R. Glicksman, A. F Sarofim

Power Systems

2.601J Design of Thermal Power
Systems

(Same subject as 13.26J)
Prereq.: 2.20, 2.40, 2.51
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Design of thermal power system components
and system optimization. Reviews gas
dynamics and heat transfer. Design of axial
and centrifugal compressors, and axial and
radial inflow turbines, heat exchangers,
evaporators, boilers, and condensers. Takes
design project examples from the fields of
space, electrical utilities, and marine power
systems. Assumes knowledge of elementary
heat transfer and simple power cycles.
L. R. Glicksman, A. D. Carmichael
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2.615 Internal Combustion Engines

Prereq.: 2.20, 2.40
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamentals of how the design and opera-
tion of internal combustion engines affect their
performance and fuel requirements. Study of
fuid flow, thermodynamics, combustion, heat
transfer and friction phenomena, and fuel
properties, relevant to engine power, efficien-
cy, and emissions. Examination of design fea-
tures and operating characteristics of different
types of engines: spark-ignition, diesel,
stratified-charge, and mixed-cycle engines. En-
gine Laboratory project. For graduate and
senior undergraduate students.
J. B. Heywood

2.621 Gas-Turbine Design

Prereq.: 2.20, 2.40 or 2.41J or 2.51
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Applies engineering science to development of
gas turbines. Thermodynamics and fluid
mechanics of flow phenomena in turbines and
compressors. Design of turbines, compres-
sors, heat exchangers, and combustion cham-
bers. Operating characteristics of gas-turbine
power plants in various applications.
D. G. Wilson

2.63 Application of Technology

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. Deutch

2.648 Superconducting Magnets

Prereq.: 2.40, 2.51
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Focuses on one important engineering applica-
tion of superconductors - generation of large-
scale and intense magnetic fields. Review of
electromagnetic theory; detailed treatment of
magnet design and operational issues, e.g.,
"usable" superconductors, field and stress
analyses, magnet instabilities, ac losses and
mechanical disturbances, quench and protec-
tion, experimental techniques, cryogenics.
New high-temperature superconductors for
magnets - design and operational issues at
high temperatures.
Y. Iwasa, E. S. Bobrov

Experimental Engineering

2.671 Measurement and Instrumentation

Prereq.: 2.02, 8.02
U (1, 2)
2-3-7 Institute LAB

Experimental techniques for observation and
measurement of such fundamental physical
variables as force, strain, temperature,
flowrate, and acceleration. Emphasizes prin-
ciples of transduction, measurement circuitry,
spectral analysis, uncertainty analysis, com-
puter-aided experimentation, and technical
reporting. Typical laboratory experiments in-
volve oscilloscopes, thermocouples, strain
gages, digital recorders, lasers, etc. Basic
material and lab objectives are developed in
lectures. Six units may be applied to the
General Institute Laboratory Requirement. En-
rollment may be limited.
J. H. Lienhard, C. F. Dewey, Y. Iwasa

2.672 Project Laboratory

Prereq.: 2.20, 2.40, 2.671
U (1, IAP, 2)
1-3-2 Institute LAB

Engineering laboratory subject for mechanical
engineering juniors and seniors. Major em-
phasis on interplay between analytical and ex-
perimental methods in solution of research
and development problems. Communication
(written and oral) of results is also a strong
component of the course. Groups of two or
three students work together on three projects
during the term. Limited enrollment.
W. Cheng, D. Hardt

Design

2.70 Introduction to Design

Prereq.: -
U (2)
2-3-4

Introduces the engineering design process.
Lectures on machine elements and fabrication
techniques, human factors and product safety,
brainstorming and idea selection, and graphi-
cal communication. Emphasis is on creativity,
application of engineering science to design,
and design for fabrication. Instruction is
focused on design-and-build projects carried
out by students working closely with section in-
structors.
H. West, W. C. Flowers

2.701 Visual Communication in Design

Prereq.: -
U (1, lAP, 2)
2-3-4

Lectures and laboratory sessions on the
basics of manual and computer-aided sketch-
ing and drawing to delineate engineering
design information and data. Exercises focus
on spatial visualization, pictorial repre-
sentation, orthographic projection, sectional
and auxiliary views, descriptive geometry,
dimensioning, and tolerancing.
W. C. Flowers, J. B. Grinnell, Jr.

2.72 Elements of Mechanical Design

Prereq.: 2.01, 2.70
U (1)
3-3-6

Examination and practice in the application of
many mechanical design elements, including
control components. Students working in
groups will design, fabricate, and test
prototype devices in response to requests
from industrial sponsors. Topics: typical
machine elements, power transmission ele-
ments, motors and prime movers, control ele-
ments, material selection, and assembly
techniques. Taken prior to 2.73, this subject
enhances the design experience in the latter.
C. R. Peterson, M. J. Jakiela

2.721 Design for Production

Prereq.: 2.01, 2.70, 2.72, 2.86
U (1, 2)
2-3-4

Intended primarily as a follow-up to 2.72. Stu-
dents fabricate prototype devices that have
been designed for real clients in 2.72. Simul-
taneously, these devices are redesigned for
economical production in light of prototype ex-
perience and accompanying lecture material
on manufacturing processes and materials.
C. R. Peterson, M. J. Jakiela

2.73 Design Projects

Prereq.: 2.03J, 2.20, 2.40, 2.70 and 2.86
U (1)
2-3-4

Practice in engineering design through term-
long projects chosen to integrate significant
portions of material covered in prerequisites.
Emphasizes creative solutions to current en-
gineering design problems, team work, and
fabrication of prototypes. Often major involve-
ment of a company in project definition and
teaching. Lectures address the breadth of
topics involved in engineering design from
analytical techniques to human-machine inter-
actions, economics, and applied ethics patent
laws.
W. C. Flowers, W. Seering
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2.731 Advanced Engineering Design

Prereq.: 2.73; Graduate status or permission
of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-3-6 H-LEVEL Grad Credit

Two sections: 1) Involves advanced topics in
engineering design: design process, optimiza-
tion, kinematics, human factors engineering,
and idea generation and creative problem solv-
ing. 2) As ongoing case studies of the design
process, students design, build, and test
pieces of mechanical hardware for industrial
clients. Requires two semesters for design, as-
sembly, and "debugging" of the mechanical
devices. During the fall, students working in
teams define problems, create and evaluate
solutions, and generate a detailed design.
W. P. Seering

2.732 Advanced Design Projects

Prereq.: 2.731, permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Continuation of 2.731. Includes discussions of
such topics as applications of microproces-
sors, product liability and safety, design for
mass production, entrepreneurship, marketing
of a product, patent applications, and methods
of redesign. From parts built for them by par-
ticipating industrial clients, students assemble
and "debug" devices that they designed during
term 1 in 2.731. By the end of term, devices
are brought to specification and presented to
the respective sponsors.
W. P. Seering

2.737 Designing Smart Machines

Prereq.: 2.73; 1.00 or equivalent; permission
of instructor
G (1)
2-4-6 H-LEVEL Grad Credit

Introduction to designing smart products with
embedded microcomputers. Topics include
microprocessors as design elements,
microprocessor architecture, interfacing to
mechanical devices, assembly and high-level
languages, design of real-time software,
hardware/software trade-offs, implementation
choices for smart products, smart product
design process. Students undertake one or
more preliminary projects and a substantial
term design project completed individually or in
groups. Limited enrollment.
K. Youcef-Toumi

2.739J Product Development in the
Manufacturing Firm

(Same subject as 15.783J, 3.59J)
Prereq.: 15.760 or 15.761 or 2.731 or 2.73 or
permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.783J.
S. D. Eppinger, K. T. Ulrich, W. C. Flowers,
T. W. Eagar

2.744 Product Design

Prereq.: -
G (2)
3-1-8

Project-centered subject addressing transfor-
mation of ideas into successful new products
which are properly matched to the user and
the market. Students are asked to take a more
complete view of a new product and to gain ex-
perience with designs judged on their aes-
thetics, ease of use, and sensitivities to the
realities of the marketplace. Lectures on
modern design process, design for quality, and
design for manufacturability. Guest lectures
and case studies from practitioners.
W. C. Flowers

2.75 Precision Machine Design

Prereq.: 2.72 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Intensive coverage of precise engineering
theory, heuristics, and applications pertaining
to the design of systems ranging from con-
sumer products to machine tools. Topics
covered include: economics, project manage-
ment, and design philosophy; principles of ac-
curacy, repeatability, and resolution; analog
sensors; optics and optical sensors; sensor
mounting; systems design; bearings; actuators
and transmissions. Emphasis on developing
creative designs which are optimized by
analytical techniques applied via spreadsheets.
A. Slocum, W. Plummer

Biomedical Engineering

(See also 2.277 and 2.907J.)

2.76J Ultrasound: Physics, Biophysics, and
Technology

(Same subject as 6.562J, HST 530J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-1-7 H-LEVEL Grad Credit

Physics and technology of generation and
detection of ultrasound. Transducers and ar-
rays. Propagation and fields. Diagnostic,
therapeutic, and processing applications in
medicine and industry. State of the art of imag-
ing and Doppler systems. Biophysics, biologi-
cal effects, linear and nonlinear phenomena.
Hazards and safety levels. Alternate years.
P. P. Lele, F. R. Morgenthaler

2.761J Principles of Medical Imaging

(Same subject as 22.56J, HST 561J)
Prereq.: Permission of instructor
G (2)
4-0-8 H-LEVEL Grad Credit

See description under subject 22.56J.
D. Cory, D. Rowell

2.762J RF, Microwaves, ELF, Ultraviolet
and Ultrasound in Biomedical Sciences

(Same subject as HST 531J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
4-1-7 H-LEVEL Grad Credit

Fundamental physics and biophysics, biologi-
cal effects and mechanisms, hazards and
safety levels of laser, microwaves, magnetic
fields. Ultrasound and ultraviolet. Special em-
phasis on current techniques and applications
in medicine and biomedical research.
P. P. Lele, M. A. Pathak

2.763J Hyperthermia: Biology, Technology,
and Cancer Therapy

(Same subject as HST 532J)
Prereq.: -
G (2)
4-1-7

Cellular and biological effects of hyperthermia;
underlying mechanisms. Synergism with radia-
tion and chemical injury. Heat generation and
heat transfer in tissues and organs; bio-heat
transfer modeling. Effects on tissue blood per-
fusion and oxygen transport; techniques of
measurement. Ultrasonic and electromagnetic
techniques for noninvasive regional and local
hyperthermia. Tissue temperature measure-
ment techniques. Effects on tumor and normal
tissue in animals and man. Hyperthermia
therapy planning. Clinical results. Research
areas.
P. P. Lele, H. F. Bowman, T. S. Herman

2.77 Research in Biological Effects and
Applications of Ultrasound and Other
Non-Ionizing Radiations

Prereq.: 2.76J
G (2)
Units arranged H-LEVEL Grad Credit

Opportunity for graduate students and ad-
vanced undergraduates to pursue substantial
theoretical or practical projects of their own
choice or to conduct critical analysis of litera-
ture in this area. Details arranged on an in-
dividual basis.
P. P. Lele

2.781J Biomedical Instrumentation
Electronics

(Same subject as HST 570J, 16.458J)
Prereq.: Permission of instructor
G (S)
6-6-6

See description under subject HST 570J.
D. Rowell, S. K. Burns
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2.785J Mechanical Forces in Organ
Development and Remodeling

(Same subject as 3.97J, HST 523J)
Prereq.: 2.791J or 7.06; 3.13 or 10.21
G (2)
3-0-9 H-LEVEL Grad Credit

Mechanical forces play a decisive role during
development of tissues and organs, during
remodeling following injury as well as in nor-
mal function. Mechanical forces influence cell
function primarily through deformation of the
extracellular matrix to which cells are attached.
The unit cell process paradigm together with
topics in connective tissue mechanics form the
basis for discussions of several topics from cell
biology, physiology, and medicine.
/. V. Yannas, M. Spector

2.79J Biomaterials - Tissue Interactions

(Same subject as 3.96J, HST 522J)
Prereq.: 2.791J or 7.06; and 3.13 or 10.21
G (1)
3-0-9 H-LEVEL Grad Credit

Principles of materials science and cell biology
underlying the design of medical implants and
artificial organs. Methods for biomaterials sur-
face characterization and analysis of protein
adsorption on biomaterials. Molecular and cel-
lular interactions with biomaterials are
analyzed in terms of unit cell processes, such
as matrix synthesis, degradation, and contrac-
tion. Mechanisms underlying tissue remodeling
following implantation in various organs.
Design of implants and prostheses based on
control of biomaterials-tissue interactions.
Comparative analysis of intact, biodegradable,
and bioreplaceable implants by reference to
case studies. Criteria for restoration of
physiological function for tissues and organs.
/. V. Yannas, M. Spector

2.791J Quantitative Physiology: Cells and
Tissues

(Same subject as 6.021J)
Prereq.: 2.02 or 6.002 or 6.071; 8.02; 18.03
U (1)
5-2-5

See description under subject 6.021J.
T. F. Weiss

2.792J Quantitative Physiology: Organ
Transport Systems

(Same subject as 6.022J, HST 542J)
Prereq.: 2.791J, 2.20 or 6.013
U (1)
4-2-6

See description under subject 6.022J.
R. D. Kamm, R. G. Mark

2.793J Quantitative Physiology: Sensory
and Motor Systems

(Same subject as 6.023J, 16.401J, HST 543J)
Prereq.: 2.02 or 6.003 or 16.060
U (2)
3-2-7

See description under subject 6.023J.
L. S. Frishkopf, C. Wall /Il, N. Hogan

2.794J Quantitative Physiology: Cells and
Tissues
(New)

(Same subject as 6.521J, HST 541J)
Prereq.: 2.02 or 6.002 or 6.071; 8.02, 18.03
G (1)
5-2-5

See description under subject 6.521J.
T. F. Weiss

2.795J Fields, Forces, and Flows:
Background for Physiology
(New)

(Same subject as 6.561J, HST 544J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.561J.
A. J. Grodzinsky

Manufacturing

2.800 Tribology

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Geometric, chemical, and physical charac-
terization of surfaces. Various theories of fric-
tion and wear of metals, polymers, and
ceramics. Special emphasis on delamination
theory, discussion of erosion, boundary lubrica-
tion and solid-film lubrication. Rolling contact
problems. Tribological problems in magnetic
recording and electrical contacts. Monitoring
and diagnosis of friction and wear. Case
studies.
E. Rabinowicz, N. Saka, N. P. Suh

2.810 Fundamentals of Manufacturing
Processes
(Revised Units)

Prereq.: 2.01, 2.20, 2.86, or equivalents
G (1)
3-3-6 H-LEVEL Grad Credit

Unified introduction to manufacturing proces-
ses including brief overview, classification,
analysis, and hands-on team project. Em-
phasis on the physics and the stochastic na-
ture of the processes, and how these control
the quality, rate, cost, and flexibility. Engineer-
ing analysis and probabilistic treatment include
such topics as shrinkage and positioning er-
rors, control strategies, physical rate limits,
Markov chains, elementary queuing theory,
and information theory. Group project requires
fabrication of a product using several proces-
ses, usually including CNC machining, injec-
tion molding, casting, and others. Discussion
of new process development and potential
competitive advantages.
T. G. Gutowski, J. Chun, G Chryssolouris

2.822 Design and Manufacture with
Composite Materials

Prereq.: 2.01, 2.20, 2.30, or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Theory and practice of how structures are
designed and built out of composite materials.
Principles introduced through case studies and
laboratory demonstrations include: solid
mechanics, anisotrophy, differential geometry,
consolidation and flow through porous media,
forming, automation, assembly, and
economics. Future developments in composite
materials, markets, and processes discussed.
T. G. Gutowski

2.830 Control of Manufacturing
Processes

Prereq.: Either or both 2.14, 15.075, or
equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Process control in manufacturing processes.
Discrete system feedback control theory, em-
pirical/adaptive modeling, and basic process
physics understanding. A general framework
for modeling and control of manufacturing
processes is developed. Various existing
forms of process control are studied, including
off-line optimization, statistical process control,
and real-time machine and process control.
The control approach to process physics is ex-
amined in the context of specific manufactur-
ing processes, including metal working,
polymer processing, and semiconductor
processing.
D. E. Hardt, E. Sachs

2.850 Machine Tools and Manufacturing
Systems

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-3-6 H-LEVEL Grad Credit

Economic perspective on manufacturing. Over-
view of manufacturing processes. Machine
tools and manufacturing equipment: com-
ponents, design and analysis, control and auto-
mation. Process planning. Methods and tools
for the design and operation of manufacturing
systems from operations research, Al, and
decision analysis; applications.
G. Chryssolouris

2.851J System Optimization and Analysis
for Manufacturing

(Same subject as 15.066J, 3.83J)
Prereq.: 18.02
G (S)
4-0-8 H-LEVEL Grad Credit

See description under subject 15.066J.
S. C. Graves
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2.852 Manufacturing Systems Analysis

Prereq.: 6.041, 18.086, or Permission of
Instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Models of manufacturing systems, including
transfer lines and flexible manufacturing sys-
tems. Calculation of performance measures, in-
cluding throughput, in-process inventory, and
meeting production commitments. Real-time
control of scheduling. Effects of machine
failure, set-ups, and other disruptions on sys-
tem performance.
S. B. Gershwin

2.86 Introduction to Manufacturing

Prereq.: 2.01, 2.70
U (1, 2)
3-3-3 Institute LAB

Introduction to modern manufacturing with four
areas of emphasis: manufacturing processes,
systems, equipment, and design for manufac-
turing. Lectures teach integration of engineer-
ing and management disciplines for
determining rate, cost, quality, and flexibility.
Topics include industrial dynamics, process
physics and control, equipment design and
automation, and systems design and opera-
tion. Labs emphasize metal working and
polymer processing, including exposure to
CAD/CAM and CNC equipment. Six units may
be applied to the General Institute Lab Re-
quirement.
G. Chryssolouris, T. G. Gutowski, E. Sachs,
N. P. Suh

2.870 Total Quality Development
(Revised Content)

Prereq.: Permission of instructor
G (1)
3-3-6 H-LEVEL Grad Credit

Total development process that begins with
strategic needs and voice of customer and con-
cludes with new product in production. Topics
include House of Quality, Pugh Concept Selec-
tion, Extended and Enhanced QFD, robust-
ness optimization (Taguchi), on-line QC, and
holistic management. All topics are integrated
into world-class concurrent engineering, an in-
depth enhancement of basic TQM. Emphasis
is on recent improvements in industrial prac-
tice.
D. Clausing

2.882 Principles of Axiomatic Design

Prereq.: 2.01, 2.20, 2.30, 2.40
G (2)
3-0-9 H-LEVEL Grad Credit

Introduction to design and design processes;
introduction to design axioms, corollaries, and
theorems; mathematical representation of
design; formulation of design matrix; analysis
of functional independence; graphical repre-
sentation of functional independence; measure
of information content; application to process
planning; case studies involving real industrial
problems; use of predicate logic and prolog in
axiomatic design. Design of Thinking Design
Machine.
N. P. Suh

2.890J Proseminar in Manufacturing

(Same subject as 15.792J, 3.80J, 10.792J,
16.985J)
Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

See description under subject 15.792J.
D. B. Rosenfield

Polymers and Fibers

2.907J Physical Properties of Biological
Polymers

(Same subject as 3.95J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Analysis of molecular structure and of macro-
molecular interactions in extracellular matrices
and connective tissues. Configurations of mac-
romolecules. Solid-state physics of collagen,
elastin, and glycosaminoglycans. Bonding and
nonbonding interactions between macro-
molecules in extracellular matrices. Fiber
matrix interactions in tendon, skin, cartilage,
and the blood vessel wall. Mechanics of
mineralized (bone) and nonmineralized con-
nective tissues.
/. V. Yannas

2.921J Deformation and Fracture of
Polymers

(Same subject as 3.951J)
Prereq.: 2.30 or 3.064
G (1)
3-0-9 H-LEVEL Grad Credit

Linear and nonlinear viscoelasticity below and
above Tg. Phenomenology of plastic deforma-
tion in crystalline, and glassy polymers,
molecular theories for yielding, post yield ex-
tensions for intermediate and large strains,
development of deformation textures,
anisotropic yield conditions. Fracture in
polymers, statistical damage accumulation.
Crazing as a precursor to fracture, kinetics of
nucleation of crazes, mechanics of craze ex-
tension, development and propagation of
cracks. Fatigue in polymers under both static
and cyclic loading.
/. V. Yannas

2.93J Engineers, Scientists, and Public
Controversies

(Same subject as STS 012J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject STS 012J.
C. Weiner

Special Studies

2.942 Entrepreneurship

Prereq.: -
G (2)
4-0-5

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult

2.943 Engineering Risk-Benefit Analysis

Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. W. Drake, A. R. Odoni

2.95J Real-World Ethics

(Same subject as 16.655J, STS 061J, TPP
09J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
5-0-7 HASS

Prepares students to recognize ethical
problems that commonly arise in the
workplace, and to find, evaluate, use, and
strengthen institutional supports for acting on
ethical concerns. Lectures survey issues and
practices in various institutional and discipli-
nary contexts. In discussion sections, students
develop ethics scenarios on issues of their
choosing and explore them with repre-
sentatives of corporations, universities, etc., at
which students might work or study. Open to
juniors, seniors, and graduate students.
C. Whitbeck, N. Kiang, L. Trilling, /. Paul

2.951 Engineering Internship

Prereq.: -
U (1, 2, S)
0-6-0 [P/D/F]
Can be repeated for credit

2.952 Advanced Engineering Internship

Prereq.: 2.951
G (1, 2, S)
0-6-0 [P/D/F]
Can be repeated for credit

Provides academic credit for undergraduate
and graduate work assignments for Mechani-
cal Engineering students participating in the
Engineering Internship Program. Under-
graduate participation is approximately six
months over two summers of practical work in
manufacturing, engineering, research and
development at an industrial plant. Graduate
participation by students admitted to the
Department's graduate program consists of ap-
proximately seven months at industrial plant.
Credit is awarded after evaluation and ap-
proval of the actual work performed.
/. Paul
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2.953J Ethics in Industry and Research

(Same subject as 16.954J, TPP 41J)
Prereq.: -
G (2)
5-0-7

Prepares students to recognize ethical
problems that arise for advanced graduate stu-
dents, post-docs, and for engineers and scien-
tists with advanced degrees; and to identify,
evaluate, and strengthen institutional supports
for acting on ethical concerns. Topics include:
research methods and standards, and
avenues to investigating and preventing depar-
ture from those standards; technology and en-
vironmental responsibilities; data banks
(privacy and security); technology transfer; and
academic/industrial collaboration.
C. Whitbeck, N. Kiang, T. Sheridan, L. Trilling

2.96 Management in Engineering

Prereq.: -
U (1)
3-0-9

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult, H. S. Marcus

2.97, 2.971 Independent Activities

Prereq.: -
U (IAP)
Units arranged
Can be repeated for credit

For undergraduates desiring to carry on inde-
pendent or group studies during the January
Independent Activities Period. Each student
will carry on a program of his or her own choos-
ing, either as an independent worker, or as a
member of a team or class. Special lectures,
seminars, and laboratory projects arranged
when appropriate. Programs arranged on an
individual basis in consultation with the instruc-
tor. Credit arranged with D. G. Wilson. 2.971 is
graded P/D/F.

Graduate Seminars in
Mechanical Engineering

Check with our Department graduate office
prior to the beginning of each term for
other proposed listings.

2.980J Quantum Thermodynamics

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

A comparative introduction to the general foun-
dations of classical and quantum mechanics,
statistical mechanics, and thermodynamics,
pinpointing structural analogies and concep-
tual differences. Perspectives and open ques-
tions on the significance of entropy and
irreversibility. A unified quantum theory of
mechanics and thermodynamics, including a
novel equation of motion for irreversible
processes. Examples and applications. Outline
of new research opportunities. Self-contained
review of necessary mathematical background.
E. P. Gyftopoulos

2.981 Low-Temperature Refrigeration

Prereq.: 2.40
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-3-6 H-LEVEL Grad Credit

Thermodynamic processes for producing low-
temperature refrigeration. Problems of heat ex-
changers, insulation, and rectification.
Applications of low-level refrigeration to lique-
faction of helium and to application of super-
conductors. Laboratory projects on related
topics according to individual interests.
J. L. Smith, Jr.

2.982 Microscale Heat Transfer

Prereq.: 2.51 or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Sub-micron structures are the hallmark of
electronic and biological systems. Microscale
transport phenomena differ from those in the
macroscopic realm if a geometric dimension,
e.g., film thickness, becomes of the order of a
phenomenological length-scale, e.g., radiation
wavelength. This seminar introduces the break-
down limits of continuum analyses for radia-
tion, conduction, convection, and phase
change heat transfer. Participants present
technical case studies in areas of their interest,
such as electronic packaging or biological tis-
sues.
M. I. Flik

2.993-2.995 Special Topics in Mechanical
Engineering

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

For undergraduates desiring to carry on sub-
stantial projects of own choice, under faculty
supervision, in mechanical engineering. Work
may be of experimental, theoretical, or design
nature. Projects may be arranged individually
in most fields of department interest, i.e., in
mechanics and materials, thermal and fluid
sciences, systems and design, and biomedical
engineering.
Coordinator: D. G. Wilson.

2.996-2.998 Advanced Topics in
Mechanical Engineering

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Assigned reading and special problems or re-
search in special areas, either theoretical or ex-
perimental, or design. Arranged on individual
basis with instructor in the following areas:
mechanics and materials, thermal and fluid
sciences, systems and design, and biomedical
engineering. Coordinator: A. A. Sonin.

2.999 Engineer's Degree Thesis Proposal
Preparation

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

For students who must do additional work to
convert an S.M. Thesis to an M.E. Thesis, or
for students who do an M.E. Thesis after
having received an S.M. degree.
A. A. Sonin
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Course 3 Materials Science and
Engineering

For degree requirements, see listing
in Chapter VII under the School of
Engineering.

3 UR Undergraduate Research

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

3 URG Undergraduate Research
(New)

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Extended participation in work of a research
group. Independent study of literature, direct in-
volvement in group's research (commensurate
with student skills), and project work under an
individual faculty member. See UROP coor-
dinator for registration procedures.
H. L. Tuller

3.00 Thermodynamics of Materials

Prereq.: 18.02
U (1)
4-0-8 REST

Essential features of first, second, and third
laws of thermodynamics and their application
to materials. Statistical interpretation of
entropy. Experimental techniques used to
measure thermodynamic functions. Introduces
phase diagrams, phase rule, and ther-
modynamics of solutions. Thermochemistry of
homogeneous and heterogeneous reactions.
G. Ceder

3.01 Physical Chemistry of Materials

Prereq.: 3.00 or 5.60 or 2.40 or 10.13
U (2)
4-0-8

Reactions involving pure condensed phases
and gaseous phase, behavior of solutions, free
energy-composition and phase diagrams of bi-
nary and ternary systems, reaction equilibria in
systems containing components in condensed
solution. Electrochemistry, corrosion, Gibbs
phase rule, chemical kinetics, elementary
mechanisms, reaction rate constant, activation
energy, surface tension.
D. V. Ragone

3.03 Chemical Metallurgy
(Revised Units)

Prereq.: 3.185
U (2)
3-0-9
Thermodynamics and kinetic principles along
with aspects of process control and economics
involved in extraction and processing of me-
tals. Unit operations and processes. Generaliz-
ing operations in terms of gas-liquid,
solid-solid, gas-solid, liquid-liquid, and gas-
solid-liquid reactions. Electrochemical proces-
ses. Designing energy-efficient and
environmentally sound processes.
U. B. Pal

3.04 Special Problems in Materials Science
and Engineering

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

For undergraduates desiring to carry on
projects of their own choosing, which may be
experimental, theoretical, or of a design na-
ture. Also for undergraduate studies arranged
by students or staff, which may consist of semi-
nars, assigned reading, or laboratory projects.
See UROP Coordinator for registration proce-
dures.
H. L. Tuller

3.041 Undergraduate Research Seminar

Prereq.: -
U (2)
0-3-0
Oral presentation of senior thesis and co-op re-
search projects. Required of all Course IlIl and
Ill-B seniors.
R. M. Rose

3.05 Computer Models of Physical and
Engineering Systems

Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. R. Williams

3.062 Polymer Chemistry
(Revised Units)

Prereq.: 3.091 or 5.11
U (1)
4-0-8
Preparation of polymeric materials and their
characterization. Topics: fundamentals of
chain and step growth polymerization,
chemistry of organic radicals and ions, syn-
thesis-structure-property relationships, and
use of modern techniques for determination of
polymer composition, molecular weight, and
micro-
structure.
M. F. Rubner

3.063 Polymer Physics
(Revised Units)

Prereq.: 3.062, 3.00
U (2)
4-0-8

Principles underlying the physics and physical
chemistry of polymers in solution and in the
solid state. Topics include conformation and
molecular dimensions of polymer chains; ther-
modynamics of polymer solutions; an examina-
tion of the glassy, crystalline, and rubbery
elastic states of polymers; kinetics and ther-
modynamics of crystallization; liquid crystal-
linity in polymers; thermodynamics of rubber
elasticity. The electrical, optical, transport, and
mechanical properties of polymers are
analyzed with respect to the above topics.
E. L. Thomas

3.064 Polymer Engineering

Prereq.: 3.11, 3.185
U (2)
3-0-9

Overview of engineering analysis and design
techniques for synthetic polymers. Treatment
of materials selection, mechanical charac-
terization, and processing in design of load-
bearing and environment-compatible
structures.
F. J. McGarry
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3.069 Ceramics Processing

Prereq.: 3.185
U (2)
3-0-9
In-depth study of the unit operations in
processing technical ceramics and the effect of
these operations on the properties of the
sintered material. Topics include powder
production and conditioning, drying, forming,
sintering, and microstructure development.
Relevant aspects of transport phenomena, col-
loid science, and chemistry are discussed, as
well as contemporary issues in ceramic com-
posite processing. Case studies involving both
electronic and structural ceramics are
reviewed.
Y.-M. Chiang

3.07 Introduction to Ceramics

Prereq.: 3.01 or 10.14; 3.13
U (1)
4-0-8

Discusses hierarchy of structures present in
and their relation to the properties of ceramic
materials. Includes crystalline structures and
chemistry, and glass structures. Applies phase
equilibria, interface properties, atomic mobility,
and phase transformations to the development
of microstructure. Discusses the relationship of
structure to physical properties including ex-
amples from current high-technology ceramic
topics.
Y.-M. Chiang

3.070J Materials for Nuclear Applications

(Same subject as 22.070J)
Prereq.: 3.091
U (2)
3-0-9

See description under subject 22.070J.
K. C. Russell

3.08J Industrial Competition in the US and
Asia

(Same subject as 21H 541J, TPP 03J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

Examines causes of economic efficiency and
international competitiveness in the US and
Asia, considering relative importance of tech-
nological, economical, social, and historical fac-
tors. Countries discussed include modern
China (mainland, Taiwan, and Hong Kong),
South Korea, and Japan. Topics include costs
of production, product quality, organizational
structures, labor relations, and the educational
system. Case studies of selected industries
such as automotive, steel, electronics, com-
puters, and biotechnology.
J. P. Clark, P. C. Perdue

3.081 Materials Laboratory

Prereq.: -
U (1, 2)
1-5-6 Institute LAB

Introduces study of materials by light, X-rays,
and electrons. Examines microstructures and
investigates relationship of structure to mode
of fabrication. Applies classical techniques of
light microscopy and X-ray diffraction and the
modern analytical tools of transmission and
scanning electron microscopy. Limited enroll-
ment.
L. W. Hobbs, A. M. Mayes

3.082 Materials Processing Laboratory

Prereq.: 3.01, 3.081, 3.13
U (1, 2)
1-6-5

A unified laboratory teaching students how to
tailor the properties and performance of a
material by modifications in its composition
and microstructure through synthesis and
processing. Students process materials from
different classes (metals, ceramics, polymers,
and electronic materials). Design is an integral
part of this subject, which consists of two six-
week project modules. Examples include
solidification processing, powder processing,
and thin-film processing of materials for mag-
netic, electronic, optical, and structural applica-
tions.
D. C. Dunand, K. D. Kolenbrander,
M. P. Oliveria, D. K. Roylance, M. F. Rubner

3.091 Introduction to Solid-State Chemistry

Prereq.:
U (1, 2)
5-0-7 CHEMISTRY

Development of relationships between
electronic structure of elements, bonding char-
acteristics, and crystal structure. Charac-
terization of atomic and molecular
arrangements in crystalline solids.
Mechanisms and energy changes in chemical
reactions and phase transformations. Chemi-
cal and physical properties of solids - metals,
semiconductors, insulators, glasses, and
polymers - as they relate to basic atomic
parameters and processing technology.
R. M. Latanision, A. F. Witt

3.092 Perspectives in Materials Science

Prereq.: -
U (2)
2-0-4 [P/D/FJ

Surveys, in some depth, materials science and
its applications at levels suitable for those with
no prior experience in the field. Lectures by
MIT staff and guests form a series of integrat-
ed seminars on important aspects of the field.
A. F. Witt

3.093 Hotter, Faster, Stronger, Cheaper:
Materials at the Frontiers of Engineering

Prereq.: -
U (IAP)
1-0-2 [P/D/F]

Illustrates the physical and economic limits to
performance of engineering systems imposed
by properties and costs of currently available
materials in a series of case-study lectures by
MIT staff and guests. Explores how and why
materials behave as they do, as well as
prospects and opportunities for the develop-
ment of new materials. Suitable for those with
no prior experience in materials science.
J. P. Clark

3.094 Materials Technology

Prereq.: 16.001, 16.020
U (2)
4-0-8

Mechanical behavior, phase diagrams,
microstructures, and phase transformations in
steels, aluminum alloys, and titanium alloys
used in aerospace, automotive, and ocean
vehicles. Influence of microstructure and en-
vironment on fatigue and fracture behavior.
Concepts and applications of fracture
mechanics. Overview of polymers, com-
posites, and ceramics used in vehicles.
J. D. Livingston

3.10 Chemical Physics of Materials

Prereq.: 3.091 or 5.11; 8.02, 18.03
U (2)
4-0-8 REST

Introduction to the physics of the chemical
bond in molecules and solids; electrons and
energy bands in solids; electrical, optical, mag-
netic, and thermal properties.
L. C. Kimerling

3.11 Mechanics of Materials

Prereq.: 3.01, 3.13
U (2)
4-0-8

Overview of mechanical properties of
ceramics, metals, and polymers, emphasizing
the role of processing and microstructure in
controlling these properties. Introduction to
continuum concepts of stress and strain, and
design of engineering structures from a
materials point of view.
S. B. Brown
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3.13 Structure of Materials

Prereq.: 3.091 or 5.11; 8.02, 18.02
U (1)
4-0-8 REST

Provides the fundamental basis for under-
standing the structure of materials. Description
of noncrystalline solids by continuous-random
models. Uses symmetry theory in the descrip-
tion of atomic and molecular arrangements in
crystals. Space groups and their use in specify-
ing crystal structure. Interprets crystal struc-
tures in terms of packing and coordination
polyhedra. The nature of imperfections in or-
dered media. General aspects of microstruc-
ture of materials. Structural hierarchies.
S. M. Allen, E. L. Thomas

3.14 Physical Metallurgy
(Revised Units)

Prereq.: 3.01 or 10.14; 3.11; 3.13
U (1)
3-0-9
Treats phase transformation and strengthen-
ing mechanisms in metals and alloys. Also
provides an introduction to processing, micro-
structures, and properties of alloy systems of
major engineering significance.
A. Mortensen

3.15 Electrical, Optical, and Magnetic
Materials and Devices

Prereq.: 3.10
U (1)
4-0-8

Electronic, optical, and magnetic properties of
materials in terms of electronic structure,
chemical composition, and bonding. Properties
of metals, semiconductors, and insulators in-
cluding electrical conduction, thermoelectric
power, Hall effect, optical absorption and
reflection, luminescence, magnetism related to
microstructure, impurities, and degree of disor-
der. Manipulation of properties for incorpora-
tion into devices.
K. D. Kolenbrander

3.155J Microelectronics Processing
Technology

(Same subject as 6.152J, 10.611J)
Prereq.: 3.15 or 6.012 or 6.071
U (1, 2)
3-4-5

See description under subject 6.152J.
C. V. Thompson, H. H. Sawin, M. A. Schmidt,
C. G. Sodini, K. K. Gleason

3.156 Electronic Materials Project
Laboratory

Prereq.: 3.155J
U (2)
1-9-2

Student use of facilities of Microelectronics
Laboratory for individual or team projects.
Projects illustrate processing-structure-proper-
ties relationships in electronic materials. Stu-
dents participate in choice and design of
projects that include fabrication and charac-
terization phases.
C. V. Thompson

3.17J Materials in Human Experience

(Same subject as 21A 343J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-3-3 HASS

Examines the ways in which people in ancient
and preindustrial societies selected, evaluated,
and used materials of nature, transforming
them to objects of material culture. Some ex-
amples: concrete in Roman cities; cloth as
power in the Inca state; the weaponry of the
Crusades (Damascus steel). Explores ideologi-
cal and aesthetic criteria often influential in
materials development. Laboratory/workshop
sessions provide hands-on experience with
materials discussed in class. Enrollment may
be limited.
S. M. Allen, L. W. Hobbs, H. N. Lechtman

3.172 Inventions and Patents

Prereq.: 14.02
U (1)
3-0-6
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. H. Rines

3.185 Transport Phenomena in Materials
Engineering

Prereq.: 3.01, 18.03
U (1)
4-0-8

Definition of viscosity, simple overall mechani-
cal energy balances, elements of laminar flow
and turbulent flow. Thermal conductivity,
steady and unsteady conduction problems,
forced and natural convection, heat transfer
coefficient, and radiative heat transfer. Defini-
tion of binary diffusivity, convection mass trans-
fer, and mass transfer coefficient. Illustrative
examples given throughout, chosen from the
materials processing field.
J. Szekely

3.20 Thermodynamics of Materials

Prereq.: 3.01
G (1)
4-0-8 H-LEVEL Grad Credit

Offers advanced treatment of thermodynamic
properties of inorganic materials, including in-
troductory statistical thermodynamics and sur-
face thermodynamics. Applies laws of
thermodynamics to chemical behavior of ele-
ments, compounds, and solutions. Discusses
heterogeneous equilibria, chemical reactions,
and thermodynamics of interfaces and struc-
tural defects.
M. P. Oliveria

3.205 Thermodynamics and Kinetics of
Materials
(New)

Prereq.: 8.03, 18.03
G (1, S)
3-0-9 H-LEVEL Grad Credit

Unified treatment of thermodynamics and
kinetics in solids. The laws of thermodynamics:
equilibrium and reversibility. Single-phase sys-
tems, chemical reactions and solution models,
multi-phase systems, phase rule, phase
diagrams. Thermodynamics of point and areal
defects. Phenomenology of diffusion, solutions
to Fick's laws. Atomistics of diffusion in metals,
ceramics, semiconductors, and polymers.
Chemical kinetics: adsorption and reactions.
Phase transformations: nucleation, spinodal
decomposition, growth, and coarsening.
K. C. Russell

3.21 Kinetic Processes in Materials

Prereq.: 3.185
G (2)
4-0-8 H-LEVEL Grad Credit

Presents unified treatment of kinetics from
phenomenological and atomistic viewpoints.
Covers diffusion in metals and non-metals,
chemical kinetics, and kinetics of phase trans-
formations, including nucleation, growth, coars-
ening, and spinodal decomposition. Also
includes non-catalytic gas-solid reactions and
oxidation of metals and alloys.
D. R. Sadoway

3.25J Physics of Inelastic Deformation of
Solids
(Same subject as 2.302J)
Prereq.: 2.30 or 2.305
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 2.302J.
A. S. Argon

3.26J Micro Mechanisms of Fracture

(Same subject as 2.303J)
Prereq.: 2.30 or 2.305
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.303J.
A. S. Argon

3.271 Structure of Materials

Prereq.: 18.03, 3.10
G (2)
4-0-8 H-LEVEL Grad Credit

Quantitative description of atomic arrange-
ments in selected metals, oxides, and silicates
important in materials science. Interprets struc-
tures in terms of coordination polyhedra and
packing. Relationships between structures:
polymorphism, polytypism, and derivative struc-
tures. Describes diffraction using Fourier trans-
forms and series. Determines structure
through diffraction effects: the phase problem,
Patterson function, and direct methods for
phase determination.
B. J. Wuensch
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3.29 Special Problems in Materials
Science

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Advanced work in the field for qualified stu-
dents. Lectures, conferences, assigned read-
ings, or supervised laboratory work.
R. M. Rose

3.30 Electron Microscopy: Image
Interpretation

Prereq.: 3.081, 3.13
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-2-7 H-LEVEL Grad Credit

Derives relationship between detail in transmis-
sion electron microscopy images and internal
structure of an object to the atomic level.
Fourier theory of diffraction. Lens action, aber-
rations, and transfer functions. Elastic and in-
elastic interaction of electrons with atoms.
Kinematical and dynamical theories of electron
diffraction. Phase object approximations and
high-resolution imaging methods. Imaging of
defects with displacement and replacement
fields. Laboratory sessions.
L. W. Hobbs

3.31 Phase Transformations

Prereq.: 3.20, 3.21
G (2)
3-0-9 H-LEVEL Grad Credit

Advanced treatment of phase transformations
in solids. Homogeneous and heterogeneous
nucleation. Theories of thermally activated
growth processes and morphological stability.
Transformation by spinodal decomposition and
continuous ordering. Transformation
mechanisms in systems with multicritical
points. Eutectoidal transformations and cellular
precipitation. Crystallographic theory and
mechanisms of martensitic transformations.
S. M. Allen

3.33 Defects in Crystals

Prereq.: 3.13, 3.14
G (2)
3-0-9 H-LEVEL Grad Credit

Unified treatment of point, line, and planar
defects in crystals. Point defects include vacan-
cies, self-interstitials, and solute atoms. Line
defects include dislocations. Planar defects in-
clude stacking faults, small- and large-angle
grain boundaries, and interphase boundaries.
Discusses geometrical structure and physical
properties such as stress fields, energies, and
mobilities. Treats interactions between defects
including point defect clustering, point defect-
dislocation pinning, dislocation climb, and
grain boundaries as point defect sources/sinks.
R. W. Balluffi

3.34 High-Temperature Materials

Prereq.: 3.14 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Covers the relationship between mechanical
behavior and microstructure of materials used
for high-temperature applications. Mechanics:
creep, superplasticity, thermal cycling, fatigue,
fracture, environmental effects; hot-working,
mechanical testing. Microstructure: metals
(iron-, cobalt-, nickel-, refractory alloys, inter-
metallics), ceramics (oxides, borides, carbides,
nitrides), boron, carbon, composites (metal-,
ceramic- and carbon-matrix, coated materials).
D. C. Dunand

3.36J Welding Engineering

(Same subject as 13.17J)
Prereq.: 13.15
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 13.17J.
K. Masubuchi

3.37 Welding and Joining Processes_

Prereq.: -
G (1)
3-0-3 H-LEVEL Grad Credit

Discusses a wide variety of processes and
materials from the viewpoint of their fundamen-
tal physical and chemical properties. Specific
topics: cold welding, adhesive bonding, dif-
fusion bonding, soldering, brazing, flames,
arcs, high-energy density heat sources,
solidification, cracking resistance, shielding
methods, and electric contacts. Emphasis on
underlying science of a given process rather
than a detailed description of the technique or
equipment.
T. W. Eagar

3.39J Mechanical Behavior of Materials

(Same subject as 22.74J)
Prereq.: 2.30; 3.11 or 22.71J
G (1)
3-0-9 H-LEVEL Grad Credit

Reviews elasticity theory. Elements of plas-
ticity theory. Strengthening mechanisms in met-
als. Mechanical behavior of polymers.
Application of principles of linear elastic frac-
ture mechanics to brittle fracture and to fatigue
crack propagation. Micromechanisms of frac-
ture (cleavage, ductile fracture, fatigue, creep,
stress corrosion cracking). Principles of failure
analysis. Discusses case studies and reviews
current research in fracture.
S. B. Brown

3.40J Physical Metallurgy

(Same subject as 22.71J)
Prereq.: 3.094 or 3.14 or 3.71 1J
G (1)
3-0-9 H-LEVEL Grad Credit

Discusses structure-property relationships in
metallic alloys selected to illustrate some basic
concepts of physical metallurgy and alloy
design. Considers mostly mechanical proper-
ties. Also considers structural features: struc-
tural stability, grain size, interstitial and
substitutional solutes, precipitates, second-
phase particles, eutectics and eutectoids, and
composites.
R. W Balluffi

3.41 Physics and Chemistry of Materials

Prereq.: 8.03, 18.03
G (1)
4-0-8 H-LEVEL Grad Credit

Quantum physics and chemistry and statistics
of electrons, atoms, molecules, and solids.
Electron structure of crystalline and amor-
phous materials, defects, surfaces, and inter-
faces. Transport in metals, semiconductors,
and insulators - ideal and defective. Introduc-
tion to junction theory. Optical and dielectric
phenomena - absorption, emission, refrac-
tion. Magnetic phenomena - dia-, para-, and
ferro-magnetism. Superconductivity. Implica-
tions for properties of interest.
K. H. Johnson

3.42 Electronic Materials Design

Prereq.: 3.41
G (2)
3-0-9 H-LEVEL Grad Credit

Extensive and intensive examination of struc-
ture (crystalline, electronic, defect, and
microstructure)-processing-property correla-
tions for a wide range of materials including
metals, semiconductors, dielectrics, optical,
magnetic, and superconducting materials. Em-
phasis on materials design in relation to fun-
damental device characteristics.
H. L. Tuller

3.43 Electronic Materials and Devices

Prereq.: 3.20, 3.42
G (1)
3-0-9 H-LEVEL Grad Credit

Detailed examination of the principal electrical,
optical, and magnetic devices, e.g., p-n,
Schottky, MOS and heterojunctions, quantum
wells, lasers, wave guides, detectors, solar
cells, magnetic memory devices, etc. Focus on
materials selection, optimization and integra-
tion. Discussion of new materials needs and al-
ternative processing routes.
H. L. Tuller



34D School of Engineering

3.44 Electronic Materials Processing

Prereq.: 3.20, 3.21
G (1)
3-0-9 H-LEVEL Grad Credit

Processing of electronic materials for device
and circuit applications. Detailed discussion of
techniques and theory for growth of device-
quality crystals. Processes for integrated cir-
cuit fabrication including oxidation, junction
formation, and metallization. Emphasis on
relationships among processing, structure, and
properties. Examples taken from materials
processing for applications in VLSI, op-
toelectronics, and multi-layer integration.
C. V. Thompson

3.45 Magnetic Materials

Prereq.: 3.41
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Magnetization phenomena, origin of mag-
netism in a material, magnetic domains and
domain walls, magnetic anisotropy, reversible
and irreversible magnetization processes. Spe-
cial topics: ferromagnetism of thin films and
fine particles, magnetic recording, magnetic cir-
cuits, amorphous magnetic materials.
R. C. OHandley

3.46 Optical and Optoelectronic
Materials

Prereq.: 3.42 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Optical and optoelectronic properties of semi-
conductors, ceramics, and polymers.
Electronic structure, refractive index,
electroluminescence, Kerr and Faraday ef-
fects, and laser phenomena. Materials design
and processing for lasers, waveguides,
modulators, switches, and optoelectronic in-
tegrated circuits. Alternate years.
L. C. Kimerling

3.47 Advanced Topics on the Physics and
Chemistry of Materials

Prereq.: 3.41
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
4-0-8 H-LEVEL Grad Credit

Covers advanced topics on the physics and
chemistry of materials not covered in the core
subject 3.41. Includes molecular and crystal
symmetry group theory; ligand field theory;
computer applications of quantum chemistry to
the electronic structures of materials;
electronic structures of crystalline and noncrys-
talline materials, surface physics, chemisorp-
tion and catalysis; structural and electronic
phase transitions, including superconductivity,
lattice instabilities (martensitic transformation),
and melting.
K. H. Johnson

3.48 Statistical Physics of Materials
(New)

Prereq.: 3.20
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Reviews basic classical and quantum statisti-
cal mechanics. Introduces Boltzmann transport
theory. Discusses Ising and Heisenberg
soluble models with application to order-disor-
der in alloys and magnetic materials; structural
phase transformations by Landau, renormaliza-
tion-group and Jahn-Teller theories, with ap-
plication to defect statistics, melting, and
polymer statistics; and electronic phase trans-
formations in ferromagnetic, antiferromagnetic,
ferroelectric, and superconducting materials.
K. H. Johnson

3.49 Special Problems in Electronic
Materials

Prereq.:
G (1, 2,S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Advanced work for qualified students. Lec-
tures, conferences, assigned readings, or su-
pervised laboratory work.
L. C. Kimerling

3.50 High-Temperature Physical Chemistry
of Materials
(Revised Content and Units)

Prereq.: 3.01
G (1)
3-0-9 H-LEVEL Grad Credit

Application of physicochemical principles to
study the nature of solids, liquids, and gases
and heterogeneous reactions between these
phases at elevated temperatures. Transport in
multi-component solids and liquids. Systems of
interest include liquid metals, semiconductors,
and other multicomponent solid and liquid
oxides.
U. B. Pal

3.52J Materials Processing

(Same subject as 10.581J)
Prereq.: 3.01, 3.185, or equivalents
G (2)
3-0-6 H-LEVEL Grad Credit

Fundamentals of thermal, powder, and vapor
processing; solidification, sintering, deforma-
tion processing, and composite materials
processing. Particular attention paid to struc-
tural evolution during processing, and resulting
material properties and performance.
A. Mortensen, K. F. Jensen, M. C. Flemings

3.53 Electrochemical Processing of
Materials

Prereq.: 3.185
G (1)
3-0-6 H-LEVEL Grad Credit

Principles of electrochemistry: thermodynam-
ics and kinetics of electrode processes, ther-
modynamic and transport properties of
aqueous and nonaqueous electrolytes.
Electrolytic processing: electrowinning,
electrorefining, electroplating, electrosynthesis,
electroslag remelting.
D. R. Sadoway

3.54J Corrosion: The Environmental
Degradation of Materials

(Same subject as 22.72J)
Prereq.: 3.00
G (1)
3-0-6 H-LEVEL Grad Credit

Applies thermodynamics and kinetics of
electrode reactions to aqueous corrosion of
metals and alloys. Forms of corrosion and cor-
rosion testing. Methods of corrosion control in-
cluding alloy selection, water chemistry, design
rules, anodic and cathodic protection, and coat-
ings. Extension to environmental degradation
of ceramics and polymers. Discusses
materials degradation problems in marine en-
vironments, oil and gas production, energy
conversion and generation systems.
R. G. Ballinger, R. M. Latanision

3.541 Oxidation and Corrosion of Materials
at Elevated Temperatures

Prereq.: 3.20, 3.21
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Application of fundamental principles of ther-
modynamics and kinetics to determination of
the mechanisms of the oxidation and corrosion
of materials at elevated temperatures.
Relationship of oxidation theory to design of al-
loys, and of coating materials for protection
against oxidation. Discussions of high-tempera-
ture oxidation and corrosion problems that
occur in systems for the conversion and utiliza-
tion of energy, and in petrochemical and metal-
lurgical industries.
L. W. Hobbs

3.55 Macroscopic Transport in Materials
Processing

Prereq.: 18.03
G (2)
3-0-9 H-LEVEL Grad Credit

Principles of mathematical and physical model-
ing of primary metals processing, welding,
rapid solidification, and the processing of
electronic materials. The transport equations
as building blocks of mathematical models.
Similarity criteria in building of physical
models. Synthesis of an optimal modeling ap-
proach, involving mathematical models, physi-
cal models, and pilot plants.
J. Szekely
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3.56 Engineering Systems Analysis_

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. P. Clark, R. de Neufville, F. Field

3.562 Strategic Planning for Materials
Business

Prereq.: 3.56
G (2)
2-0-4 H-LEVEL Grad Credit

Review of quantitative techniques for
economic analysis of materials processing,
products, and markets. Use of quantitative
techniques for preparation of business plans
for selected opportunities in specialty materials
applications.
J. P. Clark

3.563J Strategic Analysis for
Environmental Planning and Design
(New)

(Same subject as 1.141J, 6.688J, 22.822J,
TPP 59J)
Prereq.: 1.146 or 2.192 or 3.56 or 13.62 or
16.784 or 22.821 or TPP 21
G (2)
3-0-6 H-LEVEL Grad Credit

Gives participants practical understanding of
the procedures for successfully designing com-
plex technical systems that must perform well
in a social context. Student teams work with
computer-based models to examine the effect
of alternative strategies; then define the
tradeoffs between energy use, environmental
quality, and costs, so as to develop a policy
which is consistent with the social, economic,
political and historical context of the region.
The example treated is the proposed policy of
requiring the introduction of personal electric
cars in the Los Angeles region, as a means of
reducing pollution.
D. H. Marks, R. de Neufville, J. Clark,
M. W. Golay, D. Sadoway, R. D. Tabors

3.565J Manufacturing/Technology
Interface

(Same subject as 15.365J, 13.685J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.365J.
J. M. Utterback

3.566 Entrepreneurship

Prereq.: -
G (2)
4-0-5

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult

3.576J Law, Technology, and Public
Policy

(Same subject as TPP 32J, 15.655J)
Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject TPP 32J.
N. A. Ashford, C. C. Caldart

3.577 Engineering Risk-Benefit Analysis

Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. W. Drake, A. R. Odoni

3.59J Product Development in the
Manufacturing Firm

(Same subject as 15.783J, 2.739J)
Prereq.: 15.760 or 15.761 or 2.731 or 2.73 or
permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.783J.
S. D. Eppinger, K. T. Ulrich, W. C. Flowers,
T. W. Eagar

3.595 Special Problems in Materials
Engineering

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Advanced work in the field for qualified stu-
dents. Lectures, conferences, assigned read-
ings, or supervised laboratory work.
A. Mortensen

3.60 Symmetry, Structure, and Tensor
Properties of Materials
(Revised Content and Units)

Prereq.: 3.07
G (1)
4-0-8 H-LEVEL Grad Credit

Derivation of symmetry theory; lattices, point
groups, space groups and their properties.
Use of symmetry in tensor representation of
crystal properties, including anisotropy, repre-
sentation surfaces, as well as applications to
piezo-electricity and elasticity. Quantative
description of atomic arrangements in selected
metals, oxides, and silicates important in
materials science. Interprets structure in terms
of coordination polyhedra and packing, and ex-
amines relations between structures: polymor-
phism, polytypism, and derivative structure.
B. J. Wuensch

3.62 Defect Thermodynamics and Solid
State Electrochemistry

Prereq.: 3.20
G (1)
2-0-4 H-LEVEL Grad Credit

The defect solid state is analyzed after a short
review of the perfect solid state. Equilibrium
and nonequilibrium thermodynamics of point
defects are applied to bulk and interfacial
problems, conduction and diffusion, solid-state
reactions, and heterogeneous catalysis.
Materials examples include fast ion conductors
and high temperature superconductors. Spe-
cial attention is paid to experimental
electrochemical methods and important
electrochemical applications (batteries, fuel
cells, photoelectrochemical elements, and sen-
sors). Half-term subject taught first half of term.
J. Maier

3.63 Ceramic Processes

Prereq.: 3.07, 3.20
G (2)
3-0-6 H-LEVEL Grad Credit

Presents quantitative treatment of unit opera-
tions in powder processing-powder prepara-
tion, fabrication, and firing. Discusses glass
processing-homogenization during melting:
relationship to mixing theory-glass forming.
Also covers growth of crystals, ther-
modynamics, transport processes, and kinetics
in relation to structures developed.
M. J. Cima

3.64 Special Problems in Ceramics

Prereq.: -
G (1, 2,S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Explores advanced work in this field. Lectures,
conferences, assigned readings, and
laboratory work.
Y.-M. Chiang

3.691-3.699 Teaching Materials Science and
Engineering

Prereq.: -
G (1, 2)
Units arranged
Can be repeated for credit

Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview. (Enrollment
limited by availability of suitable teaching as-
signments.)
K. C. Russell

3.70 Special Problems in Metallurgy

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Minor investigation in one of the special
branches of metallurgy. (Open only to students
properly qualified in the special field.)
R. M. Pelloux
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3.711J Materials for Nuclear
Applications

(Same subject as 22.70J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 22.70J.
K. C. Russell

3.80J Proseminar in Manufacturing

(Same subject as 15.792J, 2.890J, 10.792J,
16.985J)
Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

See description under subject 15.792J.
D. B. Rosenfield

3.81J Engineering Probability and
Statistics

(Same subject as 6.430J, 15.064J)
Prereq.: 18.02
G (S)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.430J.
A. W. Drake

3.83J System Optimization and Analysis for
Manufacturing

(Same subject as 15.066J, 2.851J)
Prereq.: 18.02
G (S)
4-0-8 H-LEVEL Grad Credit

See description under subject 15.066J.
S. C. Graves

3.891 Structure and Properties of Materials
(New)

Prereq.: 8.03, 18.03
G (1,S)
3-0-9 H-LEVEL Grad Credit

Structure-properties relationships in materials.
Electrons in atoms and molecules, metallic,
covalent, and ionic bonding and its relationship
to structure and properties of crystalline and
non-crystalline solids, structure and its deter-
mination in crystalline and non-crystalline
solids, the defect solid state: point, line, areal,
and volume defects. Mechanical electronic,
magnetic, and phototonic properties, their
measurement, and their relationship to struc-
ture.
K. C. Russell

3.90J Fracture of Structural Materials

(Same subject as 1.591J, 13.16J)
Prereq.: 2.30 or 3.11 or 13.15
G (1)
3-0-6 H-LEVEL Grad Credit

Analyzes criteria for crack initiation and
propagation leading to structural failure.
Studies fracture mechanics starting with Grif-
fith theory for ideally brittle materials, through
plane strain fracture toughness phenomena.
Effects of geometry, rate, environment,
fatigue, temperature, composition, and
microstructure. Fracture behavior of welded
metals, heat-affected zone. Relation to disloca-
tion mechanics. Significance of fracture sur-
face morphology. Metals, polymers,
fiber-reinforced composites. Emphasizes cur-
rent research in field.
F. J. McGarry, K. Masubuchi

3.91J Mechanical Behavior of Plastics

(Same subject as 1.593J)
Prereq.: 3.064
G (1)
3-2-4 H-LEVEL Grad Credit

Relation among chemical composition, physi-
cal structure, and mechanical behavior of plas-
tics or synthetic high polymers. Study of types
of polymers; fundamentals of viscoelastic
phenomena such as creep, stress relaxation,
stress rupture, mechanical damping, impact;
effects of chemical composition and structure
on viscoelastic and strength properties;
methods of mechanical property evaluation. In-
fluences of plastics fabrication methods. Em-
phasis on recent research techniques and
results. Individual laboratory projects investigat-
ing problems related to current research.
F. J. McGarry

3.912 Polymer Processing
(New)

Prereq.: 3.064
G (1)
3-0-9 H-LEVEL Grad Credit

Survey of principal methods used in shaping of
thermoplastic and thermosetting polymers and
polymer-matrix composites. Phenomenological
descriptions of hardware, and theoretical
modeling of relevant chemical and transport
phenomena. Role of processing in determining
microstructure, properties, and performance of
polymers.
D. K. Roylance

3.92J Composite Materials

(Same subject as 1.594J)
Prereq.: 3.064
G (2)
3-2-4 H-LEVEL Grad Credit

Concepts underlying formation, characteristics,
and behavior of plastics-based composites
such as fiberglass laminates, structural
sandwiches, plywood, and load-bearing ad-
hesive joints. Typical components such as met-
als, glass, synthetic and natural adhesives,
plastics, foams, wood, paper, fabrics, and rub-
ber. Correlation between adhesion principles
and physical behavior. Methods of design,
analysis, fabrication, and testing. Discusses
failure mechanisms of chemical and mechani-
cal types. Individual laboratory projects inves-
tigating problems related to current research.
F. J. McGarry

3.93 Polymer Materials Physics

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Interaction of electromagnetic radiation with
polymers, dielectric behavior, absorption of
photons, and the fate of electronic excitation
energy; effects of structure on electrical and
optical properties, crystallization and melting of
polymers.
P. Cebe

3.930 Industrial Practice

Prereq.: -
U (S)
0-6-0 [P/D/F]

Enrollment restricted to students in Course Ill-
B. Provides academic credit for first approved
work assignment at a company. For reporting
requirements consult faculty industrial practice
coordinator.
R. M. Pelloux

3.931 Industrial Practice

Prereq.: -
U (5)
0-6-0
Enrollment restricted to students in Course Ill-
B. Provides academic credit for second ap-
proved work assignment at a company. For
reporting requirements consult faculty in-
dustrial practice coordinator.
R. M. Pelloux

3.932 Industrial Practice

Prereq.: -
G (1, 2, S)
0-6-0 H-LEVEL Grad Credit

Provides academic credit for graduate students
in Course 111-B for approved work assignments
at companies.
R. M. Pelloux
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3.94 Morphology of Polymers

Prereq.: 3.063
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6
Examines polymer structure from the atomic to
the micron scale. Structure of noncrystalline
polymers, structure and classification of
polymeric mesophases. Phase transforma-
tions, including classical nucleation theory and
spinodal decomposition. Polymer blends, seg-
mented and block copolymer morphology,
structure of crystalline polymers, lamella and
spherulites, deformation microstructures,
fibers, microcomposites. Characterization
methods such as wide- and small-angle x-ray
scattering and transmission electron micros-
copy are also covered. Alternate years.
E. L. Thomas

3.95J Physical Properties of Biological
Polymers

(Same subject as 2.907J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.907J.
/. V. Yannas

3.951J Deformation and Fracture of
Polymers

(Same subject as 2.921J)
Prereq.: 2.30 or 3.064
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.921J.
I. V. Yannas

3.96J Biomaterials - Tissue Interactions

(Same subject as 2.79J, HST 522J)
Prereq.: 2.791J or 7.06; and 3.13 or 10.21
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.79J.
I. V. Yannas, M. Spector

3.97J Mechanical Forces in Organ
Development and Remodeling

(Same subject as 2.785J, HST 523J)
Prereq.: 2.791J or 7.06; 3.13 or 10.21
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.785J.
I. V. Yannas, M. Spector

3.98 Polymer Synthetic Chemistry

Prereq.: 3.062 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

An examination of the fundamental reaction
mechanisms and chemistry of polymerization
reactions with an emphasis on the synthesis of
new advanced polymers.
M. F. Rubner

3.99 Special Problems in Polymer Science
and Engineering

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Advanced work in the field. Lectures, confer-
ences, assigned readings, and laboratory work.
E. L. Thomas

3.991 Special Problems in Polymer Science
and Engineering

Prereq.: -
G (lAP)
Units arranged [P/D/F] H-LEVEL Grad Credit

Advanced work in the field. Lecture, conferen-
ces, assigned readings, and laboratory work.
May be repeated for credit with permission of
instructor.
P. Cebe

3.992J Student Seminar in Polymer Science
and Technology
(Revised Content and Units)

(Same subject as 10.960J)
Prereq.: -
G (1, 2)
2-0-0 [P/D/F]
Can be repeated for credit

See description under subject 10.960J.
R. E. Cohen, E. L. Thomas, G. C. Rutledge
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Course 4 Architecture

For degree requirements, see listing in
Chapter VII under the School of
Architecture and Planning.

4 UR Undergraduate Research in
Architecture

Prereq.: Permission of instructor
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

4 URG Undergraduate Research in
Architecture
(New)

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

Research and project activities, which cover
the range represented by the various research
interests and projects in the department. Stu-
dents who wish a letter grade option for their
work must register for 4 URG.
Staff

4.101 Introduction to Architectural Design I_
Prereq.: -
U(1, 2)
3-3-6

First introductory architectural design studio
concerned with seeing and understanding the
built environment. Intended to give students
the experience of designing buildings through
models. Emphasis on the ways people inhabit
places and/or on ways of ordering architectural
form. Lectures, individual and group design
projects.
B. Hubbard, Jr.

4.104 Introduction to Architectural Design 11
Prereq.: 4.101
U (2)
3-3-6

Second introductory architectural design studio
concerned with a disciplined observation of the
built environment. Intended to give students
the experience of using drawings to record
buildings. Emphasis on study of architectural
places in their context by observing qualities of
space, light, form and materials, and/or
projects indicating various ways in which build-
ings, landscape, and urban form can be
described and interpreted. Lectures, field
studies, sketches, drawings.
F. Domeyko, W. Reiter

4.106 Design Skills Workshop

Prereq.: Permission of instructor
G (1)
Units arranged

Supplements Level I Architectural Design
Studio. Emphasizes acquisition of drawing and
observational skills. Field trips, guest lectures,
and presentations focus on issues specific to
developing a design drawing repertoire. In-
dividual tutorials in graphic skills. Restricted to
and intended for entering M.Arch. students.
Architectural Design Staff

4.123, 4.124 Architectural Design: Level 11
(New)

Prereq.: Permission of instructor
G (1, 2)
0-12-6

4.125, 4.126 Architectural Design: Level I'

Prereq.: 4.104
U (1, 2)
0-12-9
Can be repeated for credit

Establishes basic attitudes to architectural or-
ganization and its reflection in form. Includes
projects where imposed conditions of site, pro-
gram, and building system emphasize the inter-
relationship of fundamental elements in the
pattern of decision making that constitutes ar-
chitectural design. Develops presentations
through drawings and models. 4.123, 4.124 in-
tended for entering M.Arch. students; 4.125,
4.126 intended for juniors and seniors.
Architectural Design Staff

4.131, 4.132 Architectural Design: Level Ill

Prereq.: 4.125, 4.126
U (1, 2)
0-12-9
Can be repeated for credit

4.143, 4.144 Architectural Design: Level Ill

Prereq.: 4.125, 4.126
G (1, 2)
0-12-9 H-LEVEL Grad Credit
Can be repeated for credit

Projects develop awareness of the principal is-
sues facing the contemporary architectural
designer and the range of possibilities avail-
able for effective satisfaction of common en-
vironmental needs. Design for intensive,
extensive, and multiple space uses. Buildings
of multi-story construction. Considers natural
and artificial environmental controls as they in-
fluence the design concepts and the installa-
tions associated with them.
Architectural Design Staff

1
Note about the subjects in Architectural Design: The

sequence in Architectural Design is a cumulative program. Its
successful completion by the student is subject to evaluation
by the staff independent of formal grades accumulated.
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4.155, 4.156 Architectural Design: Level III1
Prereq.: 4.144
G (1, 2)
0-12-9 H-LEVEL Grad Credit
Can be repeated for credit

Emphasizes setting of architectural work as
part of an organized community in projects
having to do with built-up areas, as well as
those on new sites. Studies plans for long-
range development, giving students increasing
experience in the analysis of real-life situations
requiring program research.
Architectural Design Staff

4.163J Urban Design

(Same subject as 11.332J)
Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

The design of urban environments. Strategies
for change in large areas of cities, to be
developed over time, involving different actors.
Fitting forms into natural, man-made, histori-
cal, and cultural outlooks; enabling desirable
activity patterns; conceptualizing built form;
providing infrastructure and service systems;
guiding the sensory character of development.
Involves architecture and planning students in
joint work; requires individual designs or
design and planning guidelines.
Staff

4.165 Architectural Design in Islamic
Societies

Prereq.: 4.231
G (2)
0-12-9 H-LEVEL Grad Credit

Design studio exploring culture-specific
themes related to architecture and the urban
environment. Focuses on the design of a com-
plex of buildings within a central urban area.
Addresses the principal issues of form and cul-
tural appropriateness faced by designers in Is-
lamic and other nonwestern societies.
W. L. Porter

4.171 The Space Between Workshop

Prereq.: 4.126
G (1)
3-2-7 H-LEVEL Grad Credit

Architectural design workshop focusing on un-
derstanding and designing the space between
objects as well as the objects themselves.
J. Wampler

4.172 Form Language Workshop

Prereq.: 4.126
G (2)
3-2-7 H-LEVEL Grad Credit

Architectural design workshop focusing on the
investigation, retrieval, assemblage, produc-
tion and/or presentation of selected, salient,
formal, organizational and/or associative
"facts," attributes, principles, and/or behaviors.
M. K. Smith

4.173 Small Built-Collage

Prereq.: 4.143
G (2)
3-0-9 H-LEVEL Grad Credit

The intrinsic attributes/generative principles of
built- and landscape-form/additive directional-
field organization. A progression of intensifica-
tions includes surfaced relief, "habitable"
planar assemblages, and territorial screens.
M. K. Smith

4.181-4.185 Architectural Design
Workshops

Prereq.: 4.131 or 4.143
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Form-making exercises that explore and/or in-
quire into a generic architectural design prob-
lem. The problem may be prototypical or a
particular aspect of a whole project; it is often
research-oriented and non-site specific.
Architectural Design Staff

4.188 Preparation for M.Arch. Thesis

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conference with faculty.
Architectural Design Staff

4.191, 4.192 Special Problems in
Architectural Design

Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

4.194 Special Problems in Architectural
Design

Prereq.: Permission of instructor
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

4.195, 4.196 Special Problems in
Architectural Design

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

4.199 Special Problems in Architectural
Design

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Architectural Design Staff

4.202 User-Oriented Scripting Languages

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
0-3-9
User-oriented scripting languages for customiz-
ing computer-aided design applications and
computer interfaces. Design information
models and multi-media presentations created
with HyperCard's authoring language for alter-
ing a computer's interface. Programming tech-
niques for problem recognition, decomposition,
and solving. Students add new features to a
CAD application with a built-in scripting lan-
guage. Parametric programming for differen-
tiating objects into specific architectural
elements. Limited enrollment.
Staff

4.203 Computers and Architecture I

Prereq.: 4.101
U (1)
3-6-3

Provides a general and up-to-date survey of
the contribution of computers and associated
imaging technologies in architectural educa-
tion, practice, and research, utilizing a high-
level programming language. Presentations
include case studies of computer application in
architectural practice, and current research in
computer graphics, color modeling, computa-
tional video, and man-machine interaction. Em-
phasis on digital modeling. Previous program-
ming experience useful but not required.
Limited enrollment.
Staff

4.204 Computers and Architecture II
Prereq.: 4.203
G (2)
3-6-3 H-LEVEL Grad Credit

Project-oriented subject in which topics intro-
duced in 4.203 are further developed, par-
ticularly in the areas of micro-CAD, visual
information systems, and knowledge base en-
gineering. Work relates to ongoing research in
the Computer Resource Laboratory.
Staff

4.205 Modeling with Computers

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
0-3-9 H-LEVEL Grad Credit

Modeling with computers using the multiple
dimensions that characterize architectural
projects. Investigates advanced photo-realistic
image synthesis and compositing as an ex-
ample of the physical dimension of modeling.
Compares different modeling and imaging
techniques with conventional modeling
methods. General purpose data structures
based on n-tuples for modeling the remaining
dimensions. Basic elements of data structuring
for representing and retrieving changing net-
works of information. Limited enrollment.
Staff
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4.208, 4.209 Special Problems in
Computation and Architecture

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.211 Interventions in Urban Housing

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-3-6 H-LEVEL Grad Credit

Introduces the respective roles that architects,
users, and institutions play in shaping the
residential environment and the processes of
design. Evaluates the evolution of these
processes in various cultural and historical con-
texts, tackles related design information, and
considers regulatory controls. Assesses profes-
sional, governmental, and industrial interven-
tions in these processes. Types, tools, and
methods of construction. Case studies il-
lustrate alternative approaches at dwelling and
neighborhood levels.
E. Dluhosch

4.212 Urbanization and Design
in Developing Countries

Prereq.: Permission of instructor
G (1)
3-3-6 H-LEVEL Grad Credit

Identifies and examines shifts in issues and ap-
proaches facing designers, from mass housing
to core housing to site and services. Focus on
housing design, land planning, and service
provision. Extensive case studies from Africa,
Latin America, and Asia.
R. Goethert

4.213J Structuring Low-Income Housing
Projects in Developing Countries

(Same subject as 11.463J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Examines relationship between housing needs
from the perspectives of government-spon-
sored projects. Emphasis on costs recovery, af-
fordability, replicability, user selection, and
project administration. Extensive case ex-
amples provide bases for comparisons.
R. Goethert

4.215J Special Interest Group in Urban
Settlements: SIGUS Workshops

(Same subject as 11.465J)
Prereq.: Permission of instructor
G (2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Interactive interdisciplinary workshops which
focus on projects and practices on urban settle-
ment issues in developing countries
throughout the world. Participation by guest
practitioners.
R. Goethert, R. A. Gakenheimer, B. Sanyal

4.218, 4.219 Special Problems in Urban
Housing

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
E. Dluhosch, R. Goethert

4.221 Form Observations

Prereq.: 4.126
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-3-3 H-LEVEL Grad Credit

Concepts of formal description and construc-
tion and the depiction of that knowledge in the
design domain. Work involves identifying for-
mal structure and exploring its representation
as well as its morphology. Specific topics may
include: type/transformation; repre-
sentation/notation; descriptions/referencing;
and interface/instrument. Critical discourse
around a number of strategies and positions
concerning form and the production of a
variety of analytical descriptions or configura-
tions.
Staff

4.228, 4.229 Architectural Design
Seminar

Prereq.: 4.126
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Inquiries and/or explorations into a research
topic related to architectural design taught in a
seminar format. The work may supply the
basis for an architectural design workshop
and/or studio and/or lead a research proposal
and/or publication.
Architectural Design Staff

4.230 Technology and Modernity in
Architectural Discourse
(New)

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Introduces technology as a historical, cultural,
and philosophical problem integral to the
project of modernity. Focuses upon the dis-
course of early twentieth-century modernism,
which has endowed technology with an aes-
thetic as well as emancipatory power. Through
lectures and discussion of selected readings,
explores such themes as craft and industry,
machine aesthetic and metaphor, stand-
ardization and mass production, transparency
and lightness. Addresses the political and
ideological appropriation of these themes in ar-
chitecture and looks at major critical positions
and cultural reactions that have influenced im-
ages and ideas of technology in architecture.
S. Bozdogan

4.231 Architecture and Urban Contexts:
Traditions, Conflicts, and Change

Prereq.: Permission of instructor
G (1)
3-6-6 H-LEVEL Grad Credit

Workshop concerned with understanding the
built environment in Islamic and other non-
Western societies and with developing ap-
propriate strategies for change. Uses case
studies on specific urban places that exhibit
traditional, post-colonial, and modern charac-
teristics of urban and architectural form, and
that contain residences and established institu-
tions reflecting traditional culture, as well as
newer institutions reflecting international cul-
ture and organizations. Focus is on cultural
and formal issues.
Staff

4.232 Architecture, Secular Nationalism,
and Islamic Revivalism
(New)

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Seminar on the cultural politics, architectural
discourse, and the more recent legitimacy
crisis of secular nationalism in the Middle East
from the disintegration of the Ottoman Empire
to the present. A critical review of the cultural
and architectural agenda of Islamic revivalism
emerging as an oppositional alternative and its
relationship to the modernizing project.
Focuses specifically on Turkey and Egypt.
S. Bozdogan



4.233 Architecture and Modernization in the
Post-Colonial World
(Revised Content)

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Establishes a critical and theoretical
framework delineated by the terms modernity,
modernization, and modernism as distinct from
each other and as they apply to the ex-
perience of the post-colonial world. Explores
the role of architecture in the making of
modern national identities, presenting the case
of Turkey from the modernizing reforms of the
late Ottoman period to the Second World War.
Addresses the presence of western architects
in non-western contexts focusing upon the cul-
tural, political, and ideological circumstances in
which their work and ideas were received.
S. Bozdogan

4.234 Culture and Politics of the "Modern
House"
(Revised Content)

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Seminar which thematizes the role of the
"modern house" in the making of modern na-
tional identities. Critically reviews the issues of
comfort, simplicity, domestic order, and nation-
al character as they are emphasized in the his-
tory of the modern house, especially by major
texts on the English, German, Japanese, and
Turkish house. Juxtaposes these with such
typically avant-garde themes as house-
machine, minimum standards, and rationalized
production, the ideological overtones of which
are diluted by the official discourse on "the
modern house" presenting it as the historically
inevitable outcome of an international culture
of modern living.
S. Bozdogan

4.237 Issues of Contemporary Architecture
in Africa and Asia

Prereq.: 4.233
G (2)
2-0-7 H-LEVEL Grad Credit

Seminar focusing on specific vital issues affect-
ing contemporary architecture in regions of
Africa and Asia. Topics include: the develop-
ment of appropriate architectural theories;
criticism of the attitudes and work of specific ar-
chitects; the role of the architect in society; and
the social, economic, and technical factors af-
fecting design. Presentations by participants,
and invited lecturers.
Staff

4.238, 4.239 Special Problems in
Non-Western Architecture

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
S. Bozdogan, W. L. Porter

4.241J Theory of City Form

(Same subject as 11.330J)
Prereq.: 11.001 or 4.252J or 11.301J
G (2)
Units arranged H-LEVEL Grad Credit

Theories about the form that settlements
should take. Attempts a distinction between
descriptive and normative theory by examining
examples of various theories of city form over
time. Concentrates on the origins of the
modern city and theories about its emerging
form, including the transformation of the
nineteenth-century city and its organization.
Analyzes current issues of city form in relation
to citymaking, social structure, and physical
design.
J. Beinart

4.242J Advanced Seminar in City Form

(Same subject as 11 .331J)
Prereq.: 4.241J, 11.330J
G (1)
Units arranged H-LEVEL Grad Credit

Examines in greater depth themes from the
basic subject in city form theory. Introduces
new concepts from current research and prac-
tice for analysis by the seminar participants.
Requirements include presentation to the semi-
nar of a theoretical project undertaken by each
student.
J. Beinart

4.245J Cities of Tomorrow

(Same subject as 11.335J)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 11.335J.
D. Frenchman

4.246J Sites and Development Prototypes

(Same subject as 11.336J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9

See description under subject 11.336J.
G. Hack
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4.247J Environmental Design Policy and
Action

(Same subject as 11.337J)
Prereq.: -
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

See description under subject 11.337J.
J. M. D. Schuster

4.248, 4.249 Special Problems in City
Form

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
J. Beinart, M. Dennis

4.250J Introduction to Urban Design and
Development

(Same subject as 11.001J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 1 1.001J.
L. Vale

4.252J Urban Design and Development

(Same subject as 11.301J)
Prereq.: Permission of instructor
G (1)
3-0-9

See description under subject 11.301 J.
G. Hack

4.253J Urban Design Politics

(Same subject as 11.302J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 11.302J.
L. Vale

4.254J Design for Urban Development

(Same subject as 11.303J)
Prereq.: 11.218
G (2)
2-4-6 H-LEVEL Grad Credit

See description under subject 11.303J.
D. Frenchman

4.255J Site and Urban Systems Planning

(Same subject as 11.304J)
Prereq.: Permission of instructor
G (2)
2-2-5

See description under subject 11.304J.
G. Hack
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4.256J Housing and Urban Policy
(Revised Units)

(Same subject as 11.420J)
Prereq.: 11.200 or 4.144
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 11.420J.
P. L. Clay

4.257J Socialist Economies Under
Transition

(Same subject as 11.417J)
Prereq.: 11.210 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 11.41 7J.
K. Polenske

4.259 Special Problems in Environmental
Design

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
J. Beinart, M. Dennis

4.264 Environmental Psychology

Prereq.: -
U (1, 2)
3-3-6 HASS

Presents social science theories and methods
that apply to human transactions with a wide
range of environments. Focuses on develop-
ment of applied research skills relevant to suc-
cessful designing for human use, from urban
to machine interface. Readings reinforce lec-
tures and fieldwork. Semester projects dovetail
with student's field of interest.
S. C. Howell

4.265 Behavior in the Built Environment

Prereq.: -
G (1, 2)
3-3-6 H-LEVEL Grad Credit

Introduces behavioral science theories and
methods as they relate to interactive affects of
people in residential, working, and therapeutic
settings. Readings supplement lectures and
assigned fieldwork. Reading and interpretation
of social science literature; application of re-
search methods such as behavior mapping, in-
terviewing, and perceptual measures in
systematic evaluations of environments in use.
S. C. Howell

4.266J User Needs Programming
(Revised Content)

(Same subject as 11.329J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

A combination seminar and practicum in
design programming. Combines readings and
discussions on how to collect, select, and or-
ganize user information for use in the planning
and design process. Students are placed with
architecture firms, public or private community
agencies that have active projects requiring as-
sistance to inform their plans and designs.
S. C. Howell

4.269 Special Problems in Social Science
and Architecture

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
S. C. Howell

4.273 Introduction to Design Inquiry
(Revised Units)

Prereq.: Permission of instructor
G (1)
3-0-6

Explores, through exercises, lectures and dis-
cussion, ways of inquiring in architecture ap-
plicable to practice and to research. Lectures
provide conceptual frameworks including
major critical and polemical positions in ar-
chitectural thought. Discussions take up inter-
pretations, uses, and meanings of the physical
environment, how methods and problems are
related to one another, and the assumptions
and preconceptions of students and of the
originators of the methods.
W. L. Porter

4.276J Design Research Seminar

(Same subject as 11.338J)
Prereq.: -
G (1, 2)
2-0-7 H-LEVEL Grad Credit

An exploration of the understandings and ap-
preciative system implicit in design inquiry,
through the examination of documented ac-
counts of design processes. Includes design
communication, language and notation, prob-
lem-framing and frame-reflection, roles of ex-
amples and metaphors in design, research
programs in careers of master designers, cul-
tural and institutional contexts of design, com-
putational and models of designing.
E. Ackermann, W. L. Porter, D. A. Schon

4.278, 4.279 Special Problems in Theory in
Architecture

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
W. L. Porter

4.280 Architecture Internship

Prereq.: 4.125 or 4.126
U (lAP)
Units arranged [P/D/F]
Can be repeated for credit

Work in an architect's office to gain ex-
perience, improve skills, and see the inner
workings of an everyday architectural practice.
Internships in all sizes of firms and in public
and nonprofit agencies. Internships require full-
time work for the entire IAP. Nonpaying.
R. Grimshaw

4.285, 4.286 Research Topics in
Architecture Studies

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit

Research work on individual or group basis.
Registration subject to prior arrangement for
subject matter and supervision by staff.
Staff

4.288 Preparation for S.M.Arch.S. Thesis

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

4.289 Preparation for Architecture
Studies - Ph.D. Thesis

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conference with faculty.
Architecture Studies Staff
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4.291 Special Problems in Architecture
Studies

Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

4.292, 4.293 Special Problems in
Architecture Studies
(New)

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

4.294 Special Problems in Architecture
Studies

Prereq.: Permission of instructor
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

4.295-4.298 Special Problems in
Architecture Studies

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

4.299 Special Problems in Architecture
Studies

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.301 Foundations in the Visual Arts

Prereq.: -
U (1, 2)
2-4-6 HASS-D, Category 3

Introduces artistic thinking as a mode of dis-
covery. Investigates art making as a means of
thinking and how thinking and feeling are
linked to making. Examines the ways artistic
media (photography, video, sculpture) as
modes of thought inform our investigation and
exploration of artistic vision. Lab fee.
R. Taho

4.322 Introduction to Sculpture

Prereq.: 4.301
U (1, 2)
2-4-6 HASS

Examines fundamental issues in sculpture
such as form in space, site, and context as
well as issues of performance and the tem-
poral dimensions in sculpture. Explores the
relationships between concept, materials, and
process. Lab fee.
R. Taho

4.325 Advanced Sculpture

Prereq.: 4.322
U (1, 2)
2-4-6

Explores the conceptual and formal issues in
sculpture, including site and environment,
time, audience, the relation of material and ob-
ject to context, and the relationship of sculp-
ture to social and cultural issues.
R. Taho

4.341 Introduction to Photography

Prereq.: 4.301
U (1, 2)
2-4-6 HASS

Investigates fundamental issues in photog-
raphy and the nature of the photographic
image as well as nontraditional ways of explor-
ing the photographic vision. Explores relation-
ship of image to language as well as the
issues of meaning, interpretation, and their
relationship to culture. Lab fee. Limited enroll-
ment.
K. Wodiczko

4.351 Introduction to Video

Prereq.: 4.301
U (1, 2)
2-4-6 HASS

Explores fundamental issues in video such as
the nature of the video image, narrative, and
video time. Explores video as a sculptural, en-
vironmental, and narrative form. Looks at the
issues of interpretation and meaning and how
they relate to historical, social, and cultural is-
sues. Limited enrollment.
E. Levine

4.361 Dimensions of the Body

Prereq.: 4.301, 4.322; 4.341 or 4.351
U (1)
2-4-6 HASS

Explores how the body relates to thinking and
making, how feelings and attitudes about the
body affect the processes, judgments, and
values involved in art and design. Looks at
how issues of gender, culture, and history re-
late to issues of the body and art making.
E. Levine

4.364 Dimensions in Space

Prereq.: 4.301
U (2)
2-4-6 HASS

Examines how the different ways people think
about space alter and change the way they
conceive of space and spatial experiences.
From the heavens to architecture to body
space, investigates how personal and cultural
views of space affect ways of thinking about,
constructing, and interpreting spatial experien-
ces. Looks at how institutional and religious
spaces differ and their relationship to cultural
and disciplinary constraints. A series of studio
projects.
E. Levine

4.365 Image and Language

Prereq.: 4.301, 4.322; 4.341 or 4.351
U (2)
2-4-6 HASS

Explores the variety of relationships between
the visual image and language. Investigates
the cognitive, social, and cultural dimensions
of visual and linguistic constructions. Studies
the revelatory, representational, and semiotic
modes of making and thinking.
K. Wodiczko

4.366 Advanced Projects in Visual Arts

Prereq.: -
U (1, 2)
2-4-6 HASS

Investigates conceptual and formal issues in
different media or between media such as
photography and video. Explores issues of rep-
resentation, interpretation, and meaning, and
how they relate to historical, social and cultural
context.
E. Levine

4.371 Art and the Environment

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

Reviews art, architecture, and celebrations
and their positions in workday, religious, and
political life. Reconsiders the present position
of art and redefines the artist's options in the
contemporary environment. Examines fact and
changes effected by current science and tech-
nology vis-a-vis our place in nature and history.
Staff

4.372 Environmental Art

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
0-4-8 HASS

Design and planning of environmental art in-
stallations in given and chosen existing set-
tings. Emphasizes daring ideas in conjunction
with realistic approach and possibility for ex-
ecution. Artistic means ranging from large-
scale painting and graphic design to kinetic
architecture and natural elemental growth-and-
change systems and to sound and video instal-
lations and performances.
Staff

4.378 Special Problems in Environmental
Art

Prereq.: 4.372
U (1, 2)
Units arranged
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff
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4.381, 4.382 Advanced Visual Design

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
0-9-12 H-LEVEL Grad Credit
Can be repeated for credit

Individual concepts, projects, design, and ex-
ecution of installations, objects, and events in
environmental art and performance involving
elemental and science-technology means and
media.
Staff

4.385-4.387 Special Problems in
Environmental Art

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Special work on an individual or group basis
using specific means such as video, holog-
raphy, and multimedia. Registration subject to
prior arrangement of subject matter and super-
vision by staff.
Staff

4.388 Preparation for S.M.Vis.S. Thesis

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conference with faculty.
E. Levine

4.391-4.393 Special Problems in Visual Arts

Prereq.: 4.301
U (1, 2)
Units arranged
Can be repeated for credit

4.394 Special Problems in Visual Arts

Prereq.: Permission of instructor
U (1, IAP, 2)
Units arranged [P/D/F]
Can be repeated for credit

4.395-4.397 Special Problems in Visual Arts
(New)

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

4.398, 4.399 Special Problems in Visual Arts

Prereq.: 4.301, 4.322
G (1, IAP, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
E. Levine

4.401 Introduction to Building Technology

Prereq.: -
U (1)
3-3-6

Explores the application of building technology
to the architectural design process through
consideration of light, acoustics, heating, cool-
ing, indoor air quality, and of construction -
materials, methods, and systems. One sig-
nificant building project (or two related
projects) used as an example. Analytical
methods applied to understand the design and
how it derives from and incorporates technol-
ogy. Lectures, laboratory exercises, site visits,
and problem sets.
L. Morse-Fortier

4.402J Building Construction

(Same subject as 1.41 1J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-4-5

Basic principles of materials and methods of
construction as applied to common generic
building types. Integration and detailing of load-
supporting, structural elements and systems,
with non-load supporting elements and sub-
systems of the overall building fabric. Tutorials
aid in the development of a basic set of con-
struction documents. Field trips and
demonstrations complement classwork.
E. Dluhosch

4.408 Special Problems in Building
Construction

Prereq.: 4.401, 4.42J, 4.440
U (1, 2)
Units arranged
Can be repeated for credit

4.409 Special Problems in Building
Construction

Prereq.: 4.402J, 4.442
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.411 Building Technology Laboratory

Prereq.: 8.02, 18.02
U (2)
2-4-6 Institute LAB

Concepts of building technology and ex-
perimental methods explored in a laboratory
setting. Experimental projects include measure-
ment of thermally driven airflows in model
buildings, investigation of lighting intensity and
glare, design and test of daylighting and pas-
sive solar strategies in model buildings, meas-
urements of heat flow and thermal storage,
and structural inquiry ranging from load defor-
mation of materials to whole-building response
to forcing functions. Computers used for data
acquisitions, analysis, and simulation.
L. Norford

4.415J Structural Engineering Laboratory

(Same subject as 1.105J)
Prereq.: -
U (1)
0-3-3 Institute LAB

See description under subject 1 .105J.
C. Leung

4.42J Fundamentals of Energy in Buildings

(Same subject as 1.42J, 2.45J)
Prereq.: 8.02, 18.02
U (1)
3-0-9 REST

Introduction to energy fundamentals important
to buildings. Conservation of energy. Proper-
ties of pure substances, gas mixtures,
psychrometrics. Heat pumps and refrigeration
cycles, limiting thermodynamic performance.
Heat transfer within buildings and major com-
ponents.
L. R. Glicksman

4.425 Energy in Building Design
Prereq.: Permission of instructor
U (2)
4-2-6

Explores aspects of thermal phenomena, ther-
mal comfort, and climate relevant to building
design, and applies concepts and methods to
energy-efficient building design. Topics include
thermodynamics, psycho-metrics, comfort, in-
door air quality and air distribution, solar radia-
tion, climate, space heating and cooling loads,
and lighting. Emphasizes a quantitative under-
standing of energy fundamentals; examples
from practice, and design exercises.
L. K. Norford, J. Axley, L. R. Glicksman

4.426 Energy, Environment, and Buildings
Workshop

Prereq.: 4.425
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-2-6 H-LEVEL Grad Credit

Builds on an understanding of energy fun-
damentals by treating in depth one or more
aspects of the influence of building design on
energy use. Stresses life-cycle energy, includ-
ing energy embodied in building materials, cur-
rent information on material selection and its
effect on indoor air quality, and the flow of
energy and materials across the building en-
velope. Case studies and a significant design
exercise.
L. K. Norford

4.428, 4.429 Special Problems in Energy in
Buildings

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff
L. R. Glicksman, L. K. Norford
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4.43 Architectural Acoustics

Prereq.: 4.401
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6
Describes interactions between people and
sound, indoors and outdoors, and uses this in-
formation to develop acoustical design criteria
for architecture and planning. Physical prin-
ciples of sound generation, propagation, and
reception. Properties of materials for sound ab-
sorption, reflection, and transmission. Tech-
niques and data used to provide good hearing
conditions, and to control noise in rooms, build-
ings, and the environment. Practical examples
and case-histories.
C. J. Rosenberg

4.440 Basic Structural Theory

Prereq.: 8.02, 18.02
U (2)
3-3-6 REST

Introduces the static behavior of structures
and strength of materials. Reactions, truss
analysis, stability of structures. Stress and
strain at a point, shear and bending moment
diagrams. Stresses in beams, Mohr's Circle,
column buckling. Deflection of beams.
Laboratory to solve structural problems by
building simple models and testing them.
L. B. Groisser

4.441 Introduction to Building Structural
Systems I

Prereq.: Permission of instructor
G (1)
4-2-6

Introduction to the principles of structural be-
havior, analysis, and design. Emphasis on in-
dividual structural elements and simple
strategies for load carrying. Topics include es-
timating loads, introduction to statics, sectional
attributes, and basic discussions of stress and
strain; all set against background discussions
of design and the overall issues affecting each
structural element. Structural types examined
include beams, trusses, simple frames, ar-
ches, and cables.
L. Morse-Fortier

4.442 Introduction to Building Structural
Systems II
Prereq.: 4.441
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-2-6

Continuation of subject 4.441. More complex
frameworks, membrane and shell structures,
and systems to resist lateral loads. Code-
based methods of design development of
wood, steel, and concrete structures for small
to moderate-sized buildings. Theory-based
methods of design of long-span and tall build-
ing structures. Advanced computational
methods of structural analysis and strategies
of design for dynamic loadings.
J. Axley

4.446 Structures Design Workshop

Prereq.: 4.442
G (2)
2-4-6 H-LEVEL Grad Credit

Advanced methods of structural analysis in the
development of structural form for architectural
and urban design projects. Strategies of
design for static and dynamic lateral loadings.
Quantitative analysis, using computational
methods, and qualitative analysis, reading criti-
cal literature, of innovative or trend-setting
structures to better understand structural be-
havior, formal order, and tectonic character.
J. Axley

4.448, 4.449 Special Problems in Structural
Design

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary structural design on individual
or group basis. Registration subject to prior ar-
rangement for subject matter and supervision
by staff.
Staff

4.451 Architectural Technology and Form

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6
Explores the relationship between structure,
the processes of construction, and form; the in-
fluence of functional and contextual con-
straints on choice of materials and elements,
which make up the building fabric. Study of
major precedents in the evolution of architec-
tural types, as related to materials and
methods of construction, including the use of
mechanized and industrialized processes in
building construction.
E. Dluhosch

4.452 Advanced Design for Building
Systems

Prereq.: 4.441
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-3-6 H-LEVEL Grad Credit

Advanced design concepts using innovative
building systems and construction methods.
Design issues concerning technical and spatial
integration of structural elements and systems
with requirements of architectural process and
form. Detailed case studies leading to inde-
pendent design integration projects for generic
building types such as housing, hotels, and of-
fice buildings.
E. Dluhosch

4.459 Special Problems in Building
Systems

Prereq.: 4.451
G (1, 2)
Units arranged H-LEVEL Grad Credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
E. Dluhosch

4.461 Building Simulation

Prereq.: Permission of instructor
G (2)
3-0-9
Mathematical modeling of whole-building sys-
tems for purposes of: building energy analysis,
airflow analysis, and contaminant dispersal
analysis; measurement of thermal and flow
characteristics of buildings; and control of
mechanical systems to affect thermal comfort,
energy conservation, and indoor air quality.
Uses macroscopic modeling techniques
employing discrete models of mass, momen-
tum, and energy transport processes, formu-
lates the governing equations, and solves
them. Application to practical and current re-
search problems.
J. Axley

4.471 Control of Space Conditioning
Systems

Prereq.: Permission of instructor
G (1)
3-0-9
Analysis of methods of conditioning buildings,
their control and energy consumption. Topics
include methods of heating, cooling, and ven-
tilating buildings and associated control
strategies. Control analysis and design based
on root-locus plots, frequency response, and
state-space methods. Energy management
systems, including optimization and on-line
analysis.
L. Norford

4.481 Building Technology Seminar

Prereq.: Permission of instructor
G (1)
2-0-4 H-LEVEL Grad Credit

Introduction to ongoing research activities in
building technology. Topics to include indoor
air quality and thermal comfort, building sys-
tems analysis and control, building energy
uses, and new building materials and construc-
tion techniques. Organized as a series of two-
to three-week sessions that consider in detail a
limited aspect of a current research project
through readings, discussion, experimental in-
vestigation, and/or design or project assign-
ments.
J. Axley, L. Norford
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4.488 Preparation for S.M.B.T. Thesis

4.489 Preparation for Building Technology
Ph.D. Thesis

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conference with faculty.
Building Technology Staff

4.491 Special Problems in Building
Technology

Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

4.494 Special Problems in Building
Technology

Prereq.: Permission of instructor
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

4.497, 4.498 Special Problems in
Building Technology

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

4.499 Special Problems in Building
Technology

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.601 Introduction to Art History

Prereq.: -
U (1)
4-0-8 HASS-D, Category 3

Introduces selected topics in the history and
theory of painting and sculpture from prehis-
toric times to 1800, by focusing on major ar-
tists and monuments. Stresses the cultural,
historical, and social circumstances of artistic
activity in addition to teaching the fundamen-
tals of visual analysis. Includes study of works
in local museum in the evenings or on
weekends.
B. Buchloh, L. W. Kinney

4.602 Modernism and Mass Culture
(Revised Content)

Prereq.: -
U (2)
4-0-8 HASS-D, Category 3

Discusses the history of modern painting and
design from the late nineteenth century
through the contemporary period in relation to
emerging visual technologies, urban audien-
ces, and consumer culture. Examines major
movements and works of art, photography,
design, and advertising, and investigates his-
torical and current debates about the relation-
ship between the traditional arts and mass
culture. No previous knowledge of art history is
assumed or required.
L. W. Kinney

4.605 Introduction to the History and
Theory of Architecture

Prereq.: -
U (2)
4-0-8 HASS-D, Category 3

Provides an outline of the history of architec-
ture and urbanism from Ancient Egypt to the
present. Analyzes buildings as the products of
culture and in relation to the special problems
of architectural design.
D. H. Friedman

4.607 Thinking About Architecture: In
History and At Present
(New)

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Subject on the problem of a history of architec-
ture in terms not only of the formal end
products, but also in relation to the structure of
ideas and the cultures that have guided the for-
mal productions. Addresses the present condi-
tion in architecture as much as the past and
covers case studies from Vitruvius to the twen-
tieth century.
R. Landau

4.609 Seminar in the History of Art and
Architecture

Prereq.: Four subjects in the 4.6xx series
U (1 or 2)
3-0-9
Examination of historical method in art and/or
architecture focusing on periods and problems
determined by the research interest of the
faculty member leading the seminar. Em-
phasis on critical reading and viewing and
direct tutorial guidance. Extensive discussion.
B. Buchloh, D. H. Friedman, L. W. Kinney

4.635 Renaissance Architecture

Prereq.: 4.605
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

A history of the architecture of the fifteenth and
sixteenth centuries in Italy. The formation and
development of the classical style, drawing
and model making, the relationship between
architecture and the fine arts, buildings and
their patrons, architectural theory, architecture
and politics.
D. H. Friedman

4.638 Advanced Study in Renaissance
Architecture

Prereq.: Permission of instructor
G (1 or 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Seminar on a selected topic from Renaissance
architecture. Requires original research and
presentation of oral and written reports.
D. H. Friedman

4.639 Advanced Study in 16th-, 17th-, and
18th-Century Architecture

Prereq.: Permission of instructor
G (1)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Seminar on a selected topic from architecture
of the period. Requires original research and
presentation of oral and written reports.
H. A. Millon

4.641 19th-Century Art

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
4-0-8 HASS

Survey of major artists and movements in
nineteenth-century French painting, from Neo-
Classicism to Post-Impressionism. Emphasis
on emerging phenomena and concepts charac-
teristic of the century, including: new visual
technologies (lithography, photography,
posters), the avant garde, the dealer/critic sys-
tem, the museum and exhibition space, and
the engagement of art with issues of class,
gender, and politics.
L. W Kinney

4.642 Advanced Study in Modern Art
(Revised Content)

Prereq.: Permission of instructor
G (1)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Seminar on a selected topic from modern art,
stressing theoretical or critical issues of con-
temporary concern. Requires original research
and presentation of oral and written reports.
L. W. Kinney
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4.643J Modernism and Sexuality

(Same subject as SP 477J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Explores the impact of recent critical thinking
about representation, gender, and sexual dif-
ference on traditional understandings of moder-
nism and methods of interpretation in the
visual arts. Artists, issues, and types of im-
agery vary from year to year, but always in-
clude consideration of nineteenth-century
painters of the nude (Courbet, Manet, Degas),
theories of the construction of sexuality, and
an introduction to feminist film theory. Open to
qualified undergraduates.
L. W. Kinney

4.644J Representations of Women in
19th-Century Culture

(Same subject as SP 474J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Examines the representation of women in
nineteenth-century European visual arts and
literature as a problem central to the histories
of modernism in the arts and modernization.
Views a range of problems and themes com-
mon to the arts - from female sexuality to
women's creative abilities, from women's roles
in the family and in the labor force - in rela-
tion to the status of women in other spheres,
such as medicine, philosophy, social etiquette,
and political science.
L. W. Kinney

4.645 Selected Topics in Architecture -
1750 to the Present

Prereq.: 4.605
G (2)
3-0-9

General study of modern architecture in
Europe and America in the context of architec-
tural and social programs. Open to qualified
undergraduates.
A. Moravanszky

4.651 20th-Century Art

Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
4-0-8 HASS

The history of twentieth-century modernism
and its internal contradictions, from Cubism
and Futurism to the present. Considers espe-
cially the formation of anti-artistic attitudes in
Dada and Surrealism, the constructivist and
productivist project of integrating art and
society and the contemporary post-modern
critiques of the avant-garde.
B. Buchloh

4.652 History of Photography

Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

Examines the development of photography as
a social and artistic system of representation
from 1839 to the 1990s. Explores its impact on
artistic forms and its technologies of control in
advertisement and fashion as well as the
various projects of social and political
documentary photography.
B. Buchloh

4.653 Advanced Study in 20th-Century
Art

Prereq.: Permission of instructor
G (1)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Seminar on a selected topic from twentieth-
century art. Requires original research and
presentation of oral and written reports.
B. Buchloh

4.656 Advanced Study in 20th-Century
Architecture

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Seminar on a selected topic in twentieth-cen-
tury European and American architecture. Re-
quires original research and presentation of
oral and written reports.
F. Passanti

4.657 Advanced Study on Le Corbusier

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Seminar on Le Corbusier. Requires original re-
search and presentation of oral and written
reports.
F. Passanti

4.658 Advanced Study in Modern
Architecture

Prereq.: Permission of instructor
G (1 or 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Seminar on a selected topic in the architecture
of the late eighteenth century to the present.
Requires original research and presentation of
oral and written reports.
S. Anderson

4.660 The Architectural Agenda
(New)

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Seminar on the theoretical problem of a ration-
al schema with which to examine architecture
and the ideas that underlie it. A theoretical
schema is proposed for discussing the history
and the theory of architecture but which is
seen as an epistemological explanation within
the wider context of knowledge. This is a dis-
cussion seminar that especially addresses
problems in architectural research.
R. Landau

4.661 Theory and Method in the Study of
Architecture and Art

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Studies theoretical and historiographical works
pertaining to the fields of architecture, art, and
environmental studies. Members of seminar
pursue work designed to elucidate and criticize
their own presuppositions and methods. Open
only to Ph.D. candidates and other advanced
students. May be repeated for credit.
D. H. Friedman

4.662 Advanced Study in the History of
Urban Form
(New)

Prereq.: Permission of instructor
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Seminar on a selected topic in the history of
urban form. Requires original research and
presentation of oral and written reports.
D. H. Friedman

4.663 History of Urban Form

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Studies in the history of the physical city from
Antiquity to the present, with points of special
focus determined by the instructor. Analyzes
the typologies of urban buildings, public
places, and city plans in their relation to chang-
ing contexts of culture, politics, and the struc-
ture of public and private institutions.
D. H. Friedman

4.665 Contemporary Architecture:
A Critical Review

Prereq.: 4.125
G (1)
3-0-9

Critical review of works, theories, and polemics
of the last twenty-five years. Aim is a historical
understanding of the period and the develop-
ment of a meaningful framework to assess the
present situation in architecture. Intended for
M.Arch. students.
F. Passanti
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4.666-4.669 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Special topics in the history, theory, and
criticism of architecture and urban form, vary-
ing at the discretion of the instructor.
Staff

4.670 Civic and Residential Islamic
Architecture

Prereq.: -
U (2)
3-0-9 HASS

Studies select examples of palatial, residential,
commercial, and landscape architecture in the
Islamic world in chronological order. Examines
the formation and developments of architec-
tural traditions, their possible models, their sur-
vival, their regional transformations, and the
various influences at different historical junc-
tions, all within the framework of the general Is-
lamic culture.
N. Rabbat

4.672 Religious Architecture and Islamic
Culture

Prereq.: -
U (1)
3-0-9 HASS-D, Category 3

Reviews the history of religious architecture in
the Islamic World, and discusses its develop-
ment in light of a changing Islam from a reform
movement in seventh-century Arabia to a
global power straddling three continents in the
medieval period to the common religion of a
number of competing empires in the pre-
modern and smaller states in the modern
periods. Presents Islamic architecture both as
a full-fledged historical tradition and as a
dynamic and interactive cultural catalyst that in-
fluenced and was influenced by the several
civilizations with which it came into contact.
This diversity of exchanges produced the
various architectural manifestations that dot
the historical and geographic map of the Is-
lamic World.
N. Rabbat

4.673 The Architecture of Cairo

Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

A thorough examination of the urban and ar-
chitectural history of Cairo from the initial settle-
ments on the site (640s) to the twentieth
century. Investigates the development of
Cairene architecture both in its Islamic and
Mediterranean contexts and in light of the cul-
tural, political, and social history of the city and
the country. Focuses on the medieval period
(eleventh to fifteenth century) when Cairo was
the largest Mediterranean metropolis and a cul-
tural and intellectual center of the Islamic world.
N. Rabbat

4.674 The Making of the Discourse on
Islamic Architecture
(New)

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

A critical review of texts, representations, and
scholarly images which have shaped the con-
cept and images of Islamic architecture. Chal-
lenges the tacit assumptions and biases of
standard histories of Islamic architecture and
proposes to study it as a discursive category
and to address the historiographic and critical
questions concerning how knowledge of a field
is defined, manipulated, produced, and
reproduced.
S. Bozdogan, N. Rabbat

4.675 Expressive Intent in Islamic
Architecture
(Revised Content)

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Seminar on the question of meaning as it is ex-
pressed in a number of Islamic monuments.
Establishes historical and theoretical
frameworks for investigations. Analyzes tradi-
tions, transformations, and inventions in ar-
chitecture to convey intentions. Critically
reviews the methodologies and theoretical
premises of studies on meaning and iconog-
raphy in architecture. Research paper required.
N. Rabbat

4.676 Issues in Islamic Urbanism
(Revised Content)

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Seminar on selected topics from Islamic urban
history. Examines patterns of urbanization and
architectural production in several cities. Dis-
cusses the leading factors in shaping civic
forms and structures. Critically reviews the
body of literature concerned with the Islamic
City. Research paper required. Open to
qualified undergraduates.
N. Rabbat

4.677 Special Studies in Islamic
Architecture

Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

4.678, 4.679 Special Studies in Islamic
Architecture

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis in the history, theory, and criticism of ar-
chitecture and urban form in the Islamic World.
Registration subject to prior arrangement for
subject matter and supervision by staff.
N. Rabbat

4.689 Preparation for History, Theory, and
Criticism - Ph.D. Thesis

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conference with faculty.
HTC Staff

4.691 Special Studies in the History,
Theory, and Criticism of Art

Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

4.692, 4.693 Special Studies in the History,
Theory, and Criticism of Art

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Individual or group projects on topics in the his-
tory, theory, and criticism of art. Registration
subject to prior arrangement for subject matter
and supervision by staff.
Staff

4.694 Special Studies in the History,
Theory, and Criticism of Art and
Architecture

Prereq.: Permission of instructor
U (1, lAP, 2)
Units arranged [P/D/F]
Can be repeated for credit

4.695 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form

Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

4.696-4.698 Special Studies in the History,
Theory, and Criticism of Architecture and
Urban Form

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

4.699 Special Studies in the History,
Theory, and Criticism of Art and
Architecture

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged [P/D/F H-LEVEL Grad Credit
Can be repeated for credit

Individual and group projects in the history,
theory, and criticism of art and/or architecture.
Registration subject to prior arrangement for
subject matter and supervision by staff.
Staff
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Chemistry

For degree requirements, see listing in
Chapter VII under the School of Science.

5 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

5 URG Undergraduate Research
(New)

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Program of research to be arranged by the stu-
dent and a departmental faculty member.
Department Coordinator: K. A. Nelson.

5.00 Application of Technology

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. Deutch

5.03 Principles of Inorganic Chemistry I

Prereq.: 5.12
U (2)
4-0-8

Presents principles of chemical bonding and
molecular structure, and their application to
the chemistry of representative elements of
the periodic system.
A. Davison, S. J. Lippard

5.04 Principles of Inorganic Chemistry 11

Prereq.: 5.03
U (1)
4-0-8

Systematic presentation of the chemical ap-
plications of group theory. Emphasis is placed
on the formal development of the subject and
applications to determine the infrared and
electronic spectra, magnetic properties, struc-
ture, and other features of transition metal
complexes amenable to theoretical analysis.
Elementary crystallography and space group
theory. 5.61 background encouraged.
A. Davison, H. zur Loye

5.05 Principles of Inorganic Chemistry Ill
(Revised Content)

Prereq.: 5.03, 5.04
G (2)
3-0-9
Extended treatment of some special topics of
current interest in modern inorganic chemistry.
The material is presented in two parts. The
first part emphasizes main group chemistry;
the second part is a comprehensive overview
of solid-state inorganic chemistry.
D. Seyferth, H. zur Loye

5.06 Principles of Inorganic Chemistry IV
(New)

Prereq.: 5.03, 5.04
G (1)
3-0-9
Extended treatment of some special topics of
current interest in modern inorganic chemistry.
Material is presented in two parts. First part
emphasizes bioinorganic chemistry; second
part is a comprehensive treatment of transition
metal organometallic chemistry.
S. J. Lippard, R. R. Schrock

5.064 Special Topics In Inorganic Chemistry

Prereq.: 5.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
2-0-4 H-LEVEL Grad Credit

Extended treatment of some special topics of
current interest in modern inorganic chemistry,
organometallic compounds of non-transition
elements; treatment in terms of modern
electronic and structural theory. Offered alter-
nate years.
D. Seyferth

5.065 Materials Science Invited Talks

Prereq.: 5.03
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
2-0-4 H-LEVEL Grad Credit

Special topics in materials chemistry offered
with lectures from industry and other depart-
ments. Offered alternate years.
D. Seyferth

5.066 Inorganic Chemistry

Prereq.: 5.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Transition metal catalysis. Consists of 1) a dis-
cussion of principles of catalysis, evolution of
catalytic systems and experimental tech-
niques; 2) a survey of reaction types and metal
catalysts; and 3) detailed exploration of
several exemplary catalytic reactions from a
mechanistic viewpoint.
R. R. Schrock

5.067 Bioinorganic Chemistry
Prereq.: 5.03, 5.04, 5.07, 5.61
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-0-8

Describes principles that govern the choice of
metals in biology and their functions. Reviews
fundamentals of coordination chemistry,
properties of proteins and nucleic acids, and
physical methods including x-ray crystal-
lography, magnetic resonance, M6ssbauer,
electronic and vibrational spectroscopy, and
magnetic measurements. Covers choice and
assembly of metal ions in biology, control and
utilization of metal ion concentrations in cells,
metal ion folding and crosslinking of
biomolecules, metal ion binding to biomolecule
active centers, electron transfer proteins, sub-
strate binding and activation, atom and group
transfer chemistry, protein tuning of metal
properties to achieve specific functions, and
metals in medicine.
S. J. Lippard, W. H. Orme-Johnson

5.068 Physical Methods in Inorganic
Chemistry

Prereq.: 5.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Introduction to physical methods and their ap-
plication to inorganic chemical compounds. In-
cludes diffraction methods; electronic
photoelectron spectroscopy; vibrational and
rotational spectroscopy; magnetic measure-
ments; including magnetic and electron spin
resonance; M6ssbauer spectroscopy; mass
spectrometry; electrochemical measurements.
Case histories, with the complementary use of
selections of the various methods described.
A. Davison

Course 5
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5.07 Biological Chemistry

Prereq.: 5.12
U (1)
5-0-7 REST

Description of the organization and functioning
of living organisms in terms of molecular struc-
tures and processes. Chemical and physical
properties of cell and tissue constituents, in-
cluding carbohydrates, lipids, nucleic acids,
and proteins. Origin of catalysis in biological
systems. Metabolic synthesis and degradation
of amino acids, simple carbohydrates, fats,
and origins and fates of macromolecules as
well as chemical bases of regulation and in-
tegration of metabolic phenomena. Lectures,
and special modules focusing on recent advan-
ces.
J. Essigmann, J. Stubbe

5.071J Biochemistry Laboratory

(Same subject as HST 41 OJ)
Prereq.: 5.07, and 5.310 or 5.311
U (2)
2-8-2

Introduces experimental biochemistry techni-
ques in four modules centered on the study of
the enzyme p-galactosidase. Protein purifica-
tion and enzyme kinetics are combined with
basic molecular biology techniques that are es-
sential for modern protein biochemistry. The
four modules are 1) enzyme purification;
2) gene cloning; 3) site-directed mutagenesis;
4) enzyme kinetics. Kinetic analysis of wild
type and mutant enzymes with substrates and
inhibitors performed.
J. Williamson, P. Dedon

5.11 Principles of Chemical Science

Prereq. -
U (1, 2)
5-0-7 CHEMISTRY

Introduction to chemistry, with emphasis on
basic principles and their applications. In-
cludes atomic and molecular electronic struc-
ture, thermodynamics, acid-base and redox
equilibria, mechanisms, catalysis, and aspects
of metal coordination chemistry and organic
chemistry.
Term 1: R. W. Field, A. Davison
Term 2: A. M. Klibanov, J. Steinfeld

5.12 Organic Chemistry I

Prereq.: 5.11
U (1, 2)
5-0-7 REST

Introduction to organic chemistry. Develop-
ment of basic principles to understand the
structure and reactivity of organic molecules.
Emphasis on substitution and elimination reac-
tions and chemistry of the carbonyl group. In-
troduction to the chemistry of aromatic
compounds.
Term 1: D. S. Kemp
Term 2: S. Buchwald, P. T. Lansbury

5.121 Introductory Experimentation in
Organic Chemistry

Prereq.: 5. 12
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
1-4-1 [P/D/F]

Experience with the properties of simple or-
ganic molecules which are discussed in 5.12
Organic Chemistry 1. Separation and purifica-
tion of mixtures by extraction, crystallization,
distillation, and chromatography. Experimental
identification of organic functional groups.
Properties, characterization, and simple syn-
thetic transformations of organic substances.
Enrollment limited to 30 freshmen.
Staff

5.13 Organic Chemistry 11
Prereq.: 5.11, 5.12
U (2)
5-0-7
Intermediate organic chemistry. Synthesis,
structure determination, mechanism, and the
relationships between structure and reactivity
emphasized. Special topics in organic
chemistry included to illustrate the role of or-
ganic chemistry in biological systems and in
the chemical industry.
R. L. Danheiser, J. Rebek

5.22J Biotechnology and Engineering

(Same subject as 10.02J, TOX 105J)
Prereq.: -
U (2)
3-0-6
Illustrates how the principles of chemistry, biol-
ogy, and engineering are integrated to create
new products for human health and consump-
tion. Uses case-study format to examine
recently developed products of pharmaceutical
and biotechnology industries: how a product
evolves from initial idea, through patents, test-
ing, evaluation, production, and marketing. Em-
phasizes scientific and engineering principles,
as well as the responsibility scientists, en-
gineers, and business executives have for the
consequences of their technology.
J. M. Essigmann, R. S. Langer

5.310 Laboratory Chemistry

Prereq.: 5.12
U (1, 2)
2-8-2 Institute LAB

Introduces experimental chemistry for students
who are not majoring in Course V. Principles
and applications of chemical laboratory tech-
niques, including preparation and analysis of
chemical materials, measurement of pH, gas
and liquid chromatography, visible-ultraviolet
spectrophotometry, infrared spectroscopy,
electrophoresis, kinetics, data analysis, and
elementary synthesis. Enrollment limited to
100 students in Term 1 and to 180 students in
Term 2.
Term 1: J. /. Steinfeld, K. Cummins
Term 2: S. R. Tannenbaum, W. H. Orme-
Johnson

5.311 Introductory Chemical
Experimentation

Prereq.: 5.12
U (1)
2-8-2 Institute LAB

First term of a three-term laboratory subject se-
quence for Course V majors. Experimental
work emphasizes development of fundamental
laboratory skills and techniques: volumetric
and colorimetric analysis; preparation, purifica-
tion, and characterization of chemical sub-
stances; and data analysis. Enrollment limited
to 50 students. Enrollment limited to Course V
majors only.
R. G. Griffin

5.32 Intermediate Chemical Experimentation

Prereq.: 5.311 or 5.310, 5.13, 5.60
U (2)
0-12-3

Experimental work more advanced than in
5.310 or 5.311, emphasizing thermodynamic
and kinetic measurements of organic reac-
tions; and synthesis, purification, and analysis
of organic compounds employing IR, NMR,
UV, mass spectroscopy, and thin layer and
gas-liquid phase chromatography.
S. C. Virgil

5.33 Advanced Chemical Experimentation
and Instrumentation

Prereq.: 5.32, 5.61
U (1)
0-15-6
Advanced experimentation, with particular em-
phasis on chemical synthesis and the fun-
damentals of quantum chemistry illustrated
through molecular spectroscopy. Projects in-
clude NMR, ESR, and computer-interfaced IR
spectroscopy; synthesis of organometallics
under inert atmosphere; and synthesis of
polymers.
K. A. Nelson

5.43 Organic Chemistry
(Revised Content)

Prereq.: 5.13
U (2)
4-0-8

Reaction mechanisms in organic chemistry:
types of mechanisms, reactive intermediates,
methods of investigation, relation of structure
to reactivity.
F. D. Greene

5.44 Organometallic Chemistry

Prereq.: 5.43
G (1)
3-0-6 H-LEVEL Grad Credit

Examination of the most important transforma-
tions of organotransitionmetal species. Em-
phasizes basic mechanisms of their reactions,
structure-reactivity relationships, and applica-
tions in synthesis.
S. L. Buchwald



5.45 Biorganic Chemistry

Prereq.: 5.43
G (1)
3-0-6 H-LEVEL Grad Credit

Topics discussed in the context of protein and
nucleic acid chemistry: binding forces,
catalysis, enzyme models, allostery, complexa-
tion, cooperativity, transport, replication, recog-
nition, and supramolecular assemblies.
J. Rebek, P. T. Lansbury

5.46 NMR Spectroscopy and Organic
Structure Determination

Prereq.: 5.43
G (2)
2-0-4 H-LEVEL Grad Credit

Applications of 1 D and 2D 'H and "C NMR
spectroscopy to organic structure determina-
tion.
G. A. Berchtold

5.47 Tutorial in Organic Chemistry

Prereq.: 5.43, 5.511, 5.44 or 5.45
G (1)
2-0-4 [P/D/F] H-LEVEL Grad Credit

Detailed discussions of the basic principles of
importance to organic chemistry. The program
is intended primarily for new graduate students
in organic chemistry.
G. A. Berchtold, S. L. Buchwald,
R. L. Danheiser, F. D. Greene, P. T. Lansbury,
J. Rebek, S. C. Virgil

5.48J The Protein Folding Problem

(Same subject as 7.88J)
Prereq.: 5.07 or 7.05 or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 7.88J.
J. A. King

5.49 Enzyme Technology

Prereq.: 5.07 or 7.05
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Production, purification, and mechanisms of
practically important enzymes. Protein stability
and denaturation. Enzyme inactivation and ap-
proaches to stabilization of enzymes. Immobi-
lized enzymes, coenzymes, and whole cells.
Immobilized biocatalyst reactors. Enzymatic
processes in heterogeneous systems. Fun-
damentals of practical applications of enzymes
in food and chemical industries, in analyses
and medicine; future trends. Economic, health,
and legal aspects of the use of enzymes.
Alternate years.
A. M. Klibanov

5.50 Bio-Organic Chemistry, Enzyme
Reaction Mechanisms

Prereq.: 5.13
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-0-8 H-LEVEL Grad Credit

Study of the mechanisms of enzyme catalyzed
reactions. Analysis of transformation of sub-
strates to products with reference to kinetics
and isotope effect measurements,
sterochemistry and prosthetic group reactivity.
Major transfer reactions, coenzyme catalyzed
reactions, oxidation reactions, carbon-carbon
bond forming reactions, elimination and
racemization reactions.
J. Stubbe

5.511 Synthetic Organic Chemistry I

Prereq.: 5.43
G (1)
3-0-6 H-LEVEL Grad Credit

Introduction to the design of syntheses of com-
plex organic compounds.
R. L. Danheiser, S. Virgil

5.512 Synthetic Organic Chemistry II_
Prereq.: 5.511
G (2)
3-0-6 H-LEVEL Grad Credit

General methods and strategies for the syn-
thesis of complex organic compounds.
S. Masamune

5.52 Advanced Biological Chemistry

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4

Concepts and methods of biochemistry, with
emphasis on quantitative aspects of problem
analysis.
Information: W. H. Orme-Johnson.

5.56 Special Topics in Organic
Chemistry

Prereq.: 5.511
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
2-0-4 H-LEVEL Grad Credit

Advanced topics of special current interest.
Staff

5.561 Chemistry in Industry

Prereq.: 5.13
G (2)
2-0-4 [P/D/F] H-LEVEL Grad Credit

Examination of recent advances in chemistry
with emphasis on organic chemical research in
industry. Taught in seminar format. Major par-
ticipation by scientists from industrial research
laboratories.
S. Masamune
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5.60 Thermodynamics and Kinetics

Prereq.: 18.02, 5.11
U (1, 2)
4-0-8 REST

Equilibrium properties of macroscopic sys-
tems. Basic thermodynamics: system, state of
system, state variables. Work, heat, first law of
thermodynamics, thermochemistry. Second
and third law of thermodynamics: entropy,
Gibbs function, Phase Rule Properties of Solu-
tions. Chemical equilibrium of reactions in gas
and solution phase. Rates of chemical reac-
tions.
Term 1: C. W. Garland, J. S. Waugh
Term 2: M. G. Bawendi, /. Oppenheim

5.61 Physical Chemistry

Prereq.: 8.02, 18.02, 5.11
U (1)
4-0-8 REST

Introductory quantum chemistry; elementary
atomic spectra; particles and waves; wave
mechanics; atomic structure and the Periodic
Table; valence theory; experimental methods
of determining molecular structure; structure of
crystals and liquids; photochemistry.
S. T. Ceyer, R. J. Silbey

5.62 Physical Chemistry

Prereq.: 5.60 or 10. 13, 5.61
U (2)
4-0-8

Elementary kinetic theory and statistical
mechanics; transport properties of gases and
liquids; molecular spectroscopy; solid state;
chemical dynamics.
S. T. Ceyer, R. J. Silbey

5.63 Molecular Spectroscopy: Laser and
Magnetic Resonance Techniques

Prereq.: 5.61, 5.62
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
Review of the interaction of radiation with
quantum systems; introduction to the basic
principles of modern optical and magnetic
resonance spectroscopy. Topics in optical
spectroscopy focus on an introduction to
lasers and laser spectroscopic methods (laser-
induced fluorescence, double resonance,
resonance Raman, CARS, etc.). In magnetic
resonance, topics include pulsed and Fourier-
transform NMR and EPR, multiple dimensional
techniques, magic-angle spinning, and quad-
rupole echoes. Applications of these methods
to the studies of the structure and dynamics of
liquids and solids.
R. W. Field, R. G. Griffin
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5.64 Biophysical Chemistry

(Subject meets with 7.71)
Prereq.: 5.60, 5.07 or 7.05
U (1)
3-0-9

Principles of biophysical chemistry introduced
with discussion of the structure, folding,
stability, and interactions of proteins and
nucleic acids. Topics include: an overview of
protein and nucleic acid structure; introduc-
tions to X-ray crystallography, spectroscopy,
and 2D NMR; thermodynamic and kinetic
aspects of protein folding; and principles of
protein-nucleic acid interactions. Molecular
mechanics introduced as a unifying tool that re-
lates structure, molecular forces, and ther-
modynamic quantities. Meets with graduate
subject 7.71. Students who take 7.71 cannot
also receive credit for 5.64.
J. R. Williamson, C. 0. Pabo

5.65J Physical Chemistry of
Macromolecular Solutions

(Same subject as 10.668J)
Prereq.: 18.02, 5.60, 5.62
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4 H-LEVEL Grad Credit

Introduces the theory of polymer conforma-
tions and dynamics in solutions. Topics: confor-
mations of random coil polymers and excluded
volume effects, thermodynamics of macro-
molecular solutions, light scattering from
polymer solutions, frictional properties of dilute
polymer solutions, including diffusion and vis-
cosity, models of helix-coil transitions.
J. M. Deutch

5.68 Kinetics of Chemical Reactions

Prereq.: 5.62
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Experimental and theoretical aspects of reac-
tive and inelastic molecular processes, includ-
ing collision and transition - state theories,
homogeneous reactions in gas and liquid
phases, molecular beam scattering, informa-
tion theory of kinetic processes. Case studies
in chemical kinetics, including chemical lasers,
atmospheric chemistry, combustion dynamics.
Advanced undergraduate students need per-
mission of instructor.
J. /. Steinfeld

5.70 Introduction to Statistical
Thermodynamics

Prereq.: 5.62
G (1)
3-0-6 H-LEVEL Grad Credit

Reviews classical thermodynamics and intro-
duces elementary statistical mechanics, with
applications to simple physical and chemical
systems.
/. Oppenheim

5.72 Statistical Mechanics

Prereq.: 5.70, 5.73, 18.075
G (2)
3-0-6 H-LEVEL Grad Credit

Principles and methods of statistical
mechanics. Classical and quantum statistics,
grand ensembles, fluctuations, molecular dis-
tribution functions, and other topics in equi-
librium statistical mechanics. Topics in
thermodynamics and statistical mechanics of ir-
reversible processes.
C. Garland

5.73 Introductory Quantum Mechanics I

Prereq.: 5.61, 8.03
G (1)
3-0-6 H-LEVEL Grad Credit

Fundamental concepts of quantum mechanics:
wave properties, uncertainty principle,
Schrodinger equation. Basic applications to:
harmonic oscillator, hydrogen atom, WKB
method. Perturbation theory and variation
method. Pauli principle and spin. Introduction
and use of operator and matrix methods.
M. G. Bawendi

5.74 Introductory Quantum Mechanics 11

Prereq.: 5.73, 18.075
G (2)
3-0-6 H-LEVEL Grad Credit

Time-dependent quantum mechanics, Liouville
equations, relaxation phenomena, correlation
functions, linear response theory, quantum
transport, Anderson localization.
K. A. Nelson

5.76 Molecular Spectra and Molecular
Structure

Prereq.: 5.61 or 5.73 or 8.05
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Atomic spectra. Rotational, vibrational, and
electronic spectra of diatomic and polyatomic
molecules. Assignment of spectra. Structural
parameters, molecular models, and effective
Hamiltonian matrices. Breakdown of the Born-
Oppenheimer approximation. Group theory,
selection rules, normal coordinates. Laser
spectroscopy.
R. W. Field

5.77J Topics in Metabolic Biochemistry

(Same subject as 7.75J)
Prereq.: 5.07 or 7.05
G (1)
4-0-8 H-LEVEL Grad Credit

See description under subject 7.75J.
G. M. Brown, J. Stubbe

5.80 Special Topics in Chemical Physics

Prereq.: 5.73
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6

Principles of Nuclear Magnetic Resonance,
with emphasis on dynamics of spin systems.
J. S. Waugh

5.89 Special Problems in Chemistry for
Undergraduates

Prereq.: -
U (1, 2, S)
Units arranged

Program of study to be arranged by the stu-
dent and a departmental faculty member. A let-
ter grade is given in this activity.
K. A. Nelson

5.891 Special Topics in Chemistry for
Undergraduates

Prereq.: -
U (1, lAP, 2)
Units arranged [P/D/F]
Can be repeated for credit

Program of study to be arranged by the stu-
dent and a departmental faculty member.
F. D. Greene

5.90 Special Problems in Chemistry

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit

Directed research and study of special chemi-
cal problems. For graduate students only.
G. A. Berchtold

5.913 Seminar in Organic Chemistry

Prereq.: -
G (1)
1-0-2 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

5.914 Seminar in Organic Chemistry

Prereq-
G (2)
1-0-2 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Discusses current journal publications in or-
ganic chemistry by graduate students and staff
members.
S. Masamune
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5.915 Seminar in Analytical Chemistry

Prereq.: -
G (1)
1-0-2 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

5.916 Seminar in Analytical Chemistry

Prereq.: -
G (2)
1-0-2 [P/D/F) H-LEVEL Grad Credit
Can be repeated for credit

Discusses topics of current interest in analyti-
cal chemistry by graduate students and staff
members.
K. Biemann

5.931 Seminar in Physical Chemistry

Prereq.: -
G (1)
1-0-2 [P/D/FI H-LEVEL Grad Credit
Can be repeated for credit

5.932 Seminar in Physical Chemistry

Prereq.: -
G (2)
1-0-2 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Discusses topics of current interest in physical
chemistry by staff members and students.
R. G. Griffin

5.941 Seminar in Inorganic Chemistry

Prereq.: -
G (1)
1-0-2 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

5.942 Seminar in Inorganic Chemistry

Prereq.: -
G (2)
1-0-2 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Discusses current research in inorganic
chemistry by graduate students and staff.
D. Seyferth
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Course 6 Electrical Engineering and
Computer Science

For degree requirements, see listing in
Chapter VII under the School of
Engineering.

Basic Undergraduate
Subjects

6.001 Structure and Interpretation of
Computer Programs

Prereq.: -
U (1, 2)
5-3-7 REST

Control of complexity in large programming
systems. 1) Building abstractions: computation-
al processes; higher-order procedures; com-
pound data; data abstractions. 2) Controlling
interactions: generic operations; self-describ-
ing data; message passing; streams and in-
finite data structures. 3) Meta-linguistic
abstraction: interpretation of programming lan-
guages; machine model; compilation; em-
bedded languages. Substantial weekly
programming assignments are an integral part
of the course. Enrollment may be limited. 4 En-
gineering Design Points.
H. Abelson, G. J. Sussman

6.002 Circuits and Electronics
Prereq.: 8.02 or 8.021 or 8.022 or 8.023; 18.03
or 18.06
U (1, 2)
4-2-9 REST

Fundamentals of lumped networks, resistive
elements and networks, energy storage ele-
ments, dynamics of first- and second-order net-
works, network equivalence theorems,
electronic devices, circuits, and applications.
Design exercises. Alternate week laboratory.
Students with appropriate experience in
electronic circuits may treat the 8.02 prereq-
uisite as a corequisite. Enrollment may be
limited. 4 Engineering Design Points.
J. K. Roberge

6.003 Signals and Systems

Prereq.: 6.001, 6.002
U (1, 2)
4-2-9

Laplace transform and its applications to net-
works and electronic systems including feed-
back. Description of linear time-invariant
systems in the time and frequency domains;
convolution, Fourier series and integrals. Un-
certainty relations and sampling theorems. Dis-
crete-time systems and signals. Applications to
analog and digital filtering systems and
modulation systems. 4 Engineering Design
Points.
W. M. Siebert, J. K. White

6.004 Computation Structures

Prereq.: 6.001, 6.002
U (1, 2)
4-3-8

Introduces architecture of digital systems, em-
phasizing structural principles common to a
wide range of technologies. Multilevel im-
plementation strategies; definition of new primi-
tives (e.g., gates, instructions, procedures,
processes) and their mechanization using
lower-level elements. Analysis of potential con-
currency; precedence constraints and perfor-
mance measures; pipelined and
multidimensional systems. Instruction set
design issues; architectural support for contem-
porary software structures. 4 Engineering
Design Points.
S. A. Ward

6.011 Introduction to Communication,
Control, and Signal Processing
(New)

Prereq.: 6.003, 6.041
U (1, 2)
4-0-8

Input-output and state-space models of
dynamic systems. Linear systems driven by
deterministic and random signals; time- and
transform-domain representations. Sampling
and discrete-time filtering. Correlation func-
tions and spectra. Parametric signal models
and linear estimation. Signal-to-noise ratios,
matched filters, and error probability in com-
munication. Stability, performance, and robust-
ness in feedback control. Enrollment limited.
G. C. Verghese

6.012 Electronic Devices and Circuits

Prereq.: 6.003, 8.02
U (1, 2)
4-0-8

Modeling of electronic devices and analysis of
nonlinear circuits. Physical electronics of semi-
conductor junction and MOS devices. Relation
of electrical behavior to internal physical
processes; development of circuit models; un-
derstanding limitations of models. Application
of incremental and large-signal techniques for
analyzing circuits containing nonlinear devices.
Analysis of bipolar and field effect transistor cir-
cuits, with examples chosen from single-ended
and differential amplifiers, logic inverters, and
other integrated circuits. Design project. 4 En-
gineering Design Points.
C. G. Fonstad, Jr.

6.013 Electromagnetic Fields and Energy

Prereq.: 6.002, 8.02
U (1, 2)
4-0-8

Maxwell's equations and the Lorentz force law.
Quasistatic forms of Maxwell's equations.
Studies of electro-quasistatic fields and their
sources through solutions of Poisson's and
Laplace's equations. Steady conduction and
polarization. Charge relaxation. Magneto-
quasistatic approximation; magnetic boundary
value problems, magnetization, induction, cur-
rent induced in stationary and moving conduc-
tors. Electric and magnetic forces derived from
energy. Electromagnetic waves. Extensive use
of engineering examples.
H. A. Haus

6.014 Electrodynamics

Prereq.: 6.013
U (1, 2)
4-0-8
Plane waves in three dimensions; radiation
from elementary electric dipoles, current dis-
tributions, and arrays; diffraction and inter-
ference. Waves on continuous transmission
lines, periodic structures, and dielectric and
metallic waveguides; propagation and evanes-
cence; energy flow and impedance matching.
Phase and group velocity. Natural frequencies
and modes of closed electromagnetic struc-
tures; coupling to resonant structures, loaded
and unloaded Q's. Examples taken from the
fields of acoustics, optics, and microwaves.
J. A. Kong, D. H. Staelin

6.017 Introduction to Quantum Physics

Prereq.: 18.03, 8.02
U (2)
5-0-7
Introduces quantum physics, with application
to atoms, molecules, and solids. Emphasizes
failures of classical physics, experimental
basis for quantum mechanics, and an under-
standing of the Uncertainty Principle. Applies
Schroedinger's theory to the free particle, tun-
neling, the harmonic oscillator, and the
hydrogen atom. Discusses Pauli Exclusion
Principle, many-electron atoms, and quantum
theory of ionic and covalent bonding. Not
usable as a restricted elective for physics
majors.
P. L. Hagelstein
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6.018 Statistical Mechanics and
Thermodynamics

Prereq.: 8.02, 18.03
U (1)
4-0-8 REST

Laws of thermodynamics. Work and heat; ener-
gy and entropy. Thermodynamic potentials.
Criteria for equilibrium. Reversible, irreversible
processes. Thermodynamic cycles and energy
conversion. Statistical interpretation of macro-
scopic thermodynamics. Microcanonical en-
semble and entropy. Canonical, grand
canonical ensembles. Fermi and Bose-
Einstein statistics. Applications to ideal gases,
spin systems, electrons in metals and semicon-
ductors, black body radiation, fluctuations and
noise.
D. J. Epstein

6.021J Quantitative Physiology:
Cells and Tissues
(Same subject as 2.791J)
Prereq.: 2.02 or 6.002 or 6.071; 8.02, 18.03
U (1)
5-2-5

Principles of mass transport, electrical signal
generation and motility for biological
membranes, cells, and tissues. Mass transport
through membranes: diffusion, osmosis, chemi-
cally mediated, and active transport. Electric
properties of cells: ion transport; equilibrium,
resting, and action potentials. Introduction to in-
tercellular communication and muscle contrac-
tion. Laboratory and computer exercises
illustrate the concepts. For juniors and seniors.
Meets with graduate subject 6.521J, but as-
signments differ. 4 Engineering Design Points.
T. F. Weiss

6.022J Quantitative Physiology: Organ
Transport Systems

(Same subject as 2.792J, HST 542J)
Prereq.: 2.20 or 6.013; 6.021J
U (1)
4-2-6

Application of the principles of energy and
mass flow to major organ systems of humans
and other mammals. Mechanisms of regula-
tion and homeostasis. Anatomical, physiologi-
cal, and pathophysiological features of the
cardiovascular, respiratory, and renal systems.
Emphasis on those systems, features, and
devices that are most illuminated by the
methods of physical sciences. Laboratory work
includes some animal studies. Waiver of
6.021J by permission of instructor. 2 Engineer-
ing Design Points.
R. G. Mark, R. Kamm

6.023J Quantitative Physiology: Sensory
and Motor Systems

(Same subject as 2.793J, 16.401 J, HST 543J)
Prereq.: 2.02 or 6.003 or 16.060
U (2)
3-2-7
Studies of sensory and motor physiology, with
objectives of establishing quantitative models.
Peripheral signal processing in eye, ear, and
vestibular systems. Physiology and
psychophysics of audition, vision, orientation,
and body stabilization. Organization of
neuromuscular and proprioceptive systems at
level of spinal cord reflex. Postural control and
kinetics of movement. Supplemented by
laboratory exercises. 6.021J recommended
background. 3 Engineering Design Points.
L. S. Frishkopf, C. Wall l, N. Hogan

6.033 Computer System Engineering_

Prereq.: 6.004
U (2)
4-0-8

Topics on the engineering of computer
software and hardware systems: techniques
for controlling complexity; networks and dis-
tributed systems; atomicity and coordination of
parallel activities; recovery and reliability;
privacy of information; impact of computer sys-
tems on society. Case studies of working sys-
tems and outside reading in the current
literature provide comparisons and contrasts. 4
Engineering Design Points.
D. L. Tennenhouse

6.034 Artificial Intelligence
Prereq.: 6.001
U (1)
4-4-4

Studies the ideas and techniques that enable
computers to behave intelligently. Applications
of search, constraint propagation, rule chain-
ing, frame inheritance, and other problem-solv-
ing techniques in expert systems, robotics, and
natural-language understanding. Regularity-
based, explanation-based, and neural net
learning. Symbolic and nonsymbolic ap-
proaches to sensing, locomotion, and
manipulation in complicated environments.
P. H. Winston, R. A. Brooks, T. Lozano-Perez

6.035 Computer Language Engineering

Prereq.: 6.170
U (1)
4-4-4

Analyzes issues associated with the implemen-
tation of higher-level programming languages.
Fundamental concepts, functions, and struc-
tures of compilers. The interaction of theory
and practice. Using tools in building software.
Includes a multi-person project on compiler
design and implementation. 8 Engineering
Design Points.
J. V. Guttag

6.036 Problem-Solving Paradigms

Prereq.: 6.034
U (2)
4-0-8

Investigates the basic paradigms for problem
solving including the use (and misuse) of logic,
procedural knowledge, debugging skills, and
the reformulation of problems. Detailed study
of natural deduction, pattern-directed proce-
dures, and systems for reasoning effectively
and efficiently within stereotypical situations.
Examples drawn from mathematics, natural
language comprehension, and programming.
Applications of theoretical results to human
problem solving and education.
C. E. Hewitt

6.037 Computer Graphics

Prereq.: 18.02
U (1)
3-0-9
Introduction to hardware, algorithms, and
software of computer graphics. Topics include
line generators, affine transformations, line
and polygon clipping, splines, interactive tech-
nique, perspective projection, solid modeling,
hidden surface algorithms, lighting models,
shading, and animation. Substantial program-
ming experience required. Recommended for
upperclass students only. 2 Engineering
Design Points.
M. H. Raibert

6.040 Engineering Statistics and Decision
Analysis
Prereq.: 18.02 and some probability in any sub-
ject
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
4-0-8
Practical data exploration and single-attribute
decision analysis. Emphasis on subjective at-
titudes that guide quantitative data analysis.
Data characterization, formulation of alterna-
tive questions and models, use of software for
data exploration and model development.
Common probabilistic models, hypothesis test-
ing, estimation, Bayesian approaches, correla-
tion and regression, other statistical
procedures. Decision analysis as a guide to
the value of information. Introduction to statisti-
cal quality control and experimental design. Al-
ternate years.
A. W. Drake
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6.041 Probabilistic Systems Analysis

(Subject meets with 6.431)
Prereq.: 18.02
U (1, 2)
4-0-8 REST

Modeling, quantification, and analysis of uncer-
tainty. Formulation and solution in sample
space. Random variables, transform tech-
niques, simple random processes and their
probability distributions, Markov processes,
limit theorems, elements of statistical in-
ference, and decision making under uncertain-
ty. Interpretations, applications, and lecture
demonstrations. Meets with graduate subject
6.431, but assignments differ.
A. W. Drake

6.042J Mathematics for Computer Science
(New)

(Same subject as 18.062J)
Prereq.: 6.001, 18.02 or 18.021 or 18.024
U (2)
4-0-8

Offered both Fall and Spring terms beginning
Academic Year 1994-95. Mathematical tools
and methods for computer science and en-
gineering. Emphasis on development of
analytical skills and mathematical sophistica-
tion while learning basic mathematical tools
and applications. Topics: induction and well-or-
dering; counting arguments; asymptotic nota-
tion and growth of functions; recurrences;
discrete probability; elementary data structures
and algorithms; basic graph theory.
J. V. Guttag, F. T. Leighton

6.044J Computability, Logic, and
Programming

(Same subject as 18.423J)
Prereq.: 18.063 or 18.310
U (1)
3-0-9
Introduction to theory of programming lan-
guages, logic, and computability. Operational
behavior and mathematical meaning of impera-
tive and functional programs. Logical asser-
tions and program specification. Validity, truth,
and provability. Simulation and universal
programs. Undecidable problems in logic and
programming. Incompleteness theorem for
first-order arithmetic. Introduction to denota-
tional semantics of programs; recursion and
least fixed points.
A. P. Meyer

6.045J Automata, Computability, and
Complexity

(Same subject as 18.400J)
Prereq.: 18.063 or 18.310
U (2)
4-0-8
Slower paced than 6.840J/1 8.404J. Introduces
basic mathematical models of computation
and the finite representation of infinite objects.
Finite automata and regular languages. Con-
text-free languages. Turing machines. Partial
recursive functions. Church's Thesis. Un-
decidability. Reducibility and completeness.
Time complexity and NP-completeness. Prob-
abilistic computation. Interactive proof systems.
N. A. Lynch

6.046J Introduction to Algorithms

(Same subject as 18.410J)
Prereq.: 6.001; 18.063 or 18.310
U (1, 2)
4-0-8
Techniques for the design and analysis of effi-
cient algorithms, emphasizing methods useful
in practice. Topics include sorting; data struc-
tures for sets: trees, heaps, hashing. Graph al-
gorithms: shortest paths, depth-first search,
network flow. Computational geometry. Integer
arithmetic: GCD's, primality testing. Fast
Fourier transform. Multiplication of polyno-
mials. Dynamic programming. Linear program-
ming. Parallel and distributed algorithms.
C. E. Leiserson

6.061 Introduction to Electric Power
Systems

Prereq.: 6.002, 6.013
U (S)
3-0-9
Fundamentals of energy-handling electric cir-
cuits and electromechanical apparatus. Model-
ing of magnetic field devices and description of
their behavior using appropriate models.
Simplification of problems using transformation
techniques. Power electric circuits, magnetic
circuits, lumped parameter electromechanics,
elements of linear and rotating electric
machinery. Modeling of synchronous, induc-
tion, and dc machinery.
J. L. Kirtley, Jr.

6.071 Introduction to Electronics

Prereq.: 18.01, 8.02
U (1, 2)
4-2-6 REST

Introductory subject suitable for students with
little or no previous background in electronics.
Elementary network theory, diode and transis-
tor circuits, analysis and design of analog and
digital circuits. Examples emphasize uses of
electronics in experimental science. Alternate
week laboratory. 4 Engineering Design Points.
L. D. Braida

6.074 Introduction to Communications
Systems

(Subject meets with 6.450)
Prereq.: 6.003; 6.041 or 18.313 or 18.440
U (1)
3-0-9
Introduces basic approaches utilized in com-
munications systems. Description of signals
and noise in the frequency domain. Analog
and digital methods of modulation, demodula-
tion, multiplexing, and transmission. Signal-to-
noise ratios and error probabilities as
measures of system performance. Meets with
graduate subject 6.450, but assignments differ.
R. S. Kennedy

6.090-6.094 Special Subjects in Electrical
Engineering and Computer Science

Prereq.: -
U (1, IAP, 2)
Units arranged [P/D/F]

Basic undergraduate subjects not offered in
the regular curriculum. Consult Department to
learn of offerings for a particular term. Registra-
tion by permission of instructor.
L. A. Gould

6.095-6.099 Special Subjects in Electrical
Engineering and Computer Science

Prereq.: -
U (1, IAP, 2)
Units arranged

Basic undergraduate subjects not offered in
the regular curriculum. Consult Department to
learn of offerings for a particular term. Registra-
tion by permission of instructor.
L. A. Gould

Undergraduate Laboratory
Subjects

6.100 Electrical Engineering and Computer
Science Laboratory

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Individual experimental work related to electri-
cal engineering and computer science not
covered by other subjects. Student must make
arrangements with a project supervisor and file
a proposal endorsed by the supervisor.
Departmental approval required. Written report
to be submitted upon completion of work. If
6.100 is used to satisfy Departmental
Laboratory Requirement, student must register
for 12 units of laboratory credit in the term the
work is done. Consult Department Under-
graduate Office early in the term. 12 Engineer-
ing Design Points.
L. A. Gould
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6.101 Introductory Analog Electronics
Laboratory

Prereq.: 6.002 or 6.071
U (1, 2)
2-9-1 Institute LAB

Introductory experimental laboratory focusing
on the design and construction of analog
electronic circuits. Initial lectures and
laboratory projects investigate the perfor-
mance and characteristics of discrete and in-
tegrated-circuit components. Design and
implementation of independent project.
Provides opportunity to focus on real-world
problems with complex objectives and solu-
tions that involve tradeoffs and the use of en-
gineering judgement. 12 Engineering Design
Points.
J. K. Roberge, S. D. Umans

6.111 Introductory Digital Systems
Laboratory

Prereq.: 6.002 or 6.071 or 16.040
U (1, 2)
3-7-2 Institute LAB

Lectures and labs on digital logic, flipflops,
PALs, counters, timing, synchronization, finite-
state machines and microprogrammed sys-
tems prepare students for the design and
implementation of a final project of their
choice, e.g., games, music, digital filters,
graphics, etc. Possible use of lab report for
Phase II of the Writing Requirement. Six extra
units possible via adding 6.919 after project
proposal. 12 Engineering Design Points.
J. L. Kirtley, Jr., D. E. Troxel

6.115 Microcomputer Project Laboratory

Prereq.: 6.111 or 6.004
U (1)
3-7-2

Exercises and projects involving the use of
microprocessors. Lectures cover microproces-
sor architecture, programming, peripherals,
analog/digital converters, communication, and
multiprocessor systems. Introductory exercises
cover programming in C and assembly lan-
guage; interrupts; communication; digital sig-
nal processing; control. Assigned project
emphasizes testing and robustness. Design
project emphasizes creativity and uniqueness.
Prior experience with C desirable but not re-
quired. Enrollment may be limited. 12 En-
gineering Design Points.
R. D. Thornton

6.121J Bioelectronics Project Laboratory

(Same subject as HST 575J)
Prereq.: 6.002 or 6.071
U (2)
2-8-2 Institute LAB

Project Laboratory in electronic instrumenta-
tion, interfacing the analog and digital world.
Students specify design, implement, and
evaluate biomedical instruments, including
several interrelated analog and digital subsys-
tems. Extensive use of integrated analog cir-
cuits and a microprocessor. Classroom
development of analytic models for complex
functional components and the measurement
process in the context of a longitudinal
laboratory project. Written report will meet the
requirements of Phase II writing. 12 Engineer-
ing Design Points.
S. K. Burns, R. G. Mark

6.151 Semiconductor Devices Project
Laboratory

Prereq.: 6.152J
U (2)
0-12-0 Institute LAB
Student use of the Microelectronics Laboratory
facilities for individual or team projects in the
area of design, fabrication, modeling, and char-
acterization of individual MOS or bipolar
devices, microsensors or microactuators, and
integrated circuits using these devices. Each
term, the project topics are selected to fit the
general areas of development in the
Laboratory. Enrollment limited. 12 Engineering
Design Points.
M. A. Schmidt, C. G. Sodini

6.152J Microelectronics Processing
Technology

(Same subject as 3.155J, 10.611J)
Prereq.: 3.15 or 6.012 or 6.071
U (1, 2)
3-4-5

Introduces the theory and technology of in-
tegrated-circuit fabrication. Lectures and
laboratory sessions on basic processing tech-
niques such as diffusion, oxidation, epitaxy,
photolithography, chemical vapor deposition,
and plasma etching. Emphasis on the inter-
relationships between material properties,
device structure, and the electrical behavior of
devices. Provides background for thesis work
in microelectronics or for 6.151. 6 Engineering
Design Points.
M. A. Schmidt, C. G. Sodini, H. H. Sawin,
C. V. Thompson, K. K. Gleason

6.161 Modern Optics Project Laboratory

Prereq.: 6.003, 6.013
U (1)
2-8-2 Institute LAB

Lectures, laboratory exercises, and projects in
modern optics. Topics: polarization properties
of light, reflection and refraction, coherence
and interference, Fraunhofer and Fresnel dif-
fraction, imaging and transforming properties
of lenses, spatial filtering, coherent optical
processors, holography, optical properties of
materials, lasers, nonlinear optics, electro-
optic and acousto-optic materials and devices,
optical detectors, fiber optics, and optical com-
munication. Seniors may use this laboratory to
find a thesis. 12 Engineering Design Points.
C. Warde

6.163 Strobe Project Laboratory

Prereq.: -
U (1, 2)
2-8-2 Institute LAB

A project laboratory for experiments, dealing
mainly with the characteristics of electronic
flash sources of light and their applications to
photography and measurement problems. A
program of experimentation concerned with
electronic flash, organized with each group of
students at the start of the term. Sign advance
reservation list outside room 4-409. 12 En-
gineering Design Points.
C. E. Miller

6.170 Laboratory in Software Engineering

Prereq.: 6.001
U (2)
3-9-3
Introduces concepts and techniques relevant
to the production of large software systems.
Students taught a programming method based
on the recognition and description of useful
abstractions. Topics: programming methodol-
ogy; procedural, data, and control abstrac-
tions; specifications; design methods, and
testing. Several programming projects of vary-
ing size undertaken by students working singly
and in groups. 12 Engineering Design Points.
J. V. Guttag, B. H. Liskov

6.182 Psychoacoustics Project Laboratory

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-4-5 Institute LAB

Introduces the methods used to measure
human auditory abilities. Discusses auditory
function, principles of psychoacoustic measure-
ment, models for psychoacoustic performance,
and experimental techniques. Project topics:
absolute and differential auditory sensitivity,
operating characteristics of human observers,
span of absolute judgment, adaptive measure-
ment procedures, scaling sensory magnitudes.
Oral presentation and written report.
Knowledge of probability helpful. Alternate
years. 12 Engineering Design Points.
L. D. Braida
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6.190-6.194 Special Laboratory Subjects in
Electrical Engineering and Computer
Science

Prereq.: -
U (1, IAP, 2)
Units arranged [P/D/F]

6.195-6.198 Special Laboratory Subjects in
Electrical Engineering and Computer
Science

Prereq.: -
U (1, IAP, 2)
Units arranged

Laboratory subjects not offered in the regular
curriculum. Consult Department to learn of of-
ferings for a particular term. Registration by
permission of instructor.
L. A. Gould

6.199 Advanced Undergraduate Project
(Revised Content)

Prereq.: -
U (1, IAP, 2)
Units arranged

Research project for those students complet-
ing the S.B. degree; to be arranged by the stu-
dent and an appropriate MIT faculty member.
Students who register for this subject must con-
sult Department Undergraduate Office. Stu-
dents who are completing a project that was
originally started as 6 ThU must register under
that subject number.
L. A. Gould

Advanced Undergraduate
Subjects and Graduate
Subjects by Area

Systems Science and Control
Engineering

6.201 Introduction to Dynamic Systems

(Subject meets with 6.241)
Prereq.: 6.003, 18.06
U (1)
3-0-9

Introduces modern system theory, with applica-
tions to control, signal processing, related
areas. Topics: least-norm and recursive least-
square-error solutions; state space models of
discrete- and continuous-time multi-input-out-
put systems; linear time-invariant systems: con-
trollability, observability, modes, minimality,
transfer function matrices, compensators,
state feedback, optimal regulation, observers.
Introductory ideas on nonlinear systems and
optimal control. Meets with graduate subject
6.241, but assignments differ.
G. Verghese, M. Dahleh

6.231 Dynamic Programming and
Stochastic Control

Prereq.: 6.041 or 18.313 or 18.440
G (1)
3-0-9 H-LEVEL Grad Credit

Sequential decision making via dynamic
programming. Unified approach to optimal con-
trol of stochastic dynamic systems and
Markovian decision problems. Applications:
linear-quadratic problems, inventory control,
resource allocation models. Optimal decision
making under perfect and imperfect state infor-
mation. Certainty equivalent and open loop-
feedback control, self-tuning controllers.
Infinite horizon problems, successive ap-
proximation, policy iteration. Optimal stopping
and control of queues, stochastic shortest path
problems, average cost problems.
D. P. Bertsekas

6.233J Multivariable Control Systems I

(Same subject as 10.28J, 13.481J, 16.320J)
Prereq.: 10.550 or 2.14 or 6.302 or 16.060
G (1)
4-0-8 H-LEVEL Grad Credit

Integrated state-space and frequency domain
description of linear multivariable feedback
control systems. Stability, robustness, and per-
formance specifications via singular values.
Multivariable system analysis; stability, control-
lability, observability, poles and zeros, modal
properties. Closed-loop stability, multivariable
Nyquist criterion, and singular-value based
robustness tests. Kharitonov theorem. Mu-
analysis. Impact of unstable poles, nonmini-
mum-phase zeros, and time-delays.
Computer-aided homework. 3 Engineering
Design Points.
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W. Vander Velde

6.234J Multivariable Control Systems 11

(Same subject as 10.29J, 13.482J, 16.330J)
Prereq.: 6.233J
G (2)
4-0-8 H-LEVEL Grad Credit

Computer-aided design methodologies for syn-
thesis of multivariable feedback control sys-
tems. Performance and robustness trade-offs.
Model-based compensators; separation
properties. Linear-quadratic and Kalman filter
designs. Integral control and other dynamic
augmentation. Linear-quadratic-gaussian com-
pensators; loop transfer recovery. Introduction
to H-- design and mu-synthesis. Model and
compensator simplification. Nonlinear effects.
Computer-aided design homework using
models of physical processes. 6 Engineering
Design Points.
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W. Vander Velde

6.238 Dynamics, Estimation, and Control of
Electrical Machine Systems

Prereq.: 6.201 or 6.233J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Control theory approach, aimed at robotics,
traction, and similar applications. Dynamic
models for electrical machines and power
electronic circuits; transformations; time-in-
variant, periodically varying, and sampled data
models. Time and frequency scale decomposi-
tion. State-space averaging. Lyapunov stability
methods; instability phenomena. Parameter es-
timation; (adaptive) state observers. Linear
and nonlinear state feedback; field-oriented
and sliding-mode control; adaptive and optimal
control. Implementation. Alternate years.
J. H. Lang, G. C. Verghese

6.241 Dynamic Systems

(Subject meets with 6.201)
Prereq.: 6.003, 18.06
G (1)
3-0-9 H-LEVEL Grad Credit

Graduate introduction to modern system
theory. Meets with undergraduate subject
6.201, but requires completion of additional or
alternative readings, problems, and tests.
G. C. Verghese, M. Dahleh

6.242 Advanced Linear Control
Systems

Prereq.: 18.06, 6.241 or 6.201 or 6.233J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Introduction to uncertain multivariable control
systems, modeling assumptions and objec-
tives. Stability of linear time invariant systems,
coprime factorization, parametrization of all
stabilizing compensators. Design using H2, H.
L -optimization. Stability and performance
robustness in the presence of structured uncer-
tainty. Alternate years.
M. Dahleh

6.243J Dynamics of Nonlinear Systems

(Same subject as 2.156J, 16.337J)
Prereq.: 18.100, 18.06; 6.233J or 6.241
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Introduction to nonlinear deterministic dynami-
cal systems. Differential equations. Planar
autonomous systems. Index theory. Poincare-
Bendixson theorem. Fundamental theory:
Picard iteration, contraction mapping theorem,
Bellman-Gronwall lemma. Stability of equilibria
by Lyapunov's first and second methods. Ap-
plication to dissipative dynamical systems and
the Lur'e problem. Input-output theory. Func-
tional analysis. Small-gain and passivity
theorems. Loop transformations. Circle and
Popov criteria. Alternate years.
J. L. Wyatt, Jr., M. Dahleh, R. Ramnath,
N. Hogan
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6.244 Fundamentals of System Theory

Prereq.: 18.06; 6.241 or 6.201 or 6.233J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Input-output treatment of linear time-varying
systems; representation theory; LP-stability, fac-
torization over a stable domain, realization
theory, perturbation theory, input-output in-
variants and their relation to model reduction.
Extensions to nonlinear systems. Alternate
years.
M. Dahleh

6.251J Introduction to Mathematical
Programming
(Revised Content)

(Same subject as 15.081J)
Prereq.: 18.06
G (1)
3-0-9 H-LEVEL Grad Credit

Introduction to linear optimization and its exten-
sions emphasizing both methodology and the
underlying mathematical structures and
geometrical ideas. Covers classical theory of
linear programming as well as some recent ad-
vances in the field. Topics: simplex method;
duality theory; sensitivity analysis; network
flow problems; decomposition; integer
programming; polyhedral geometry and com-
binatorics; interior point algorithms for linear
programming; introduction to combinatorical
optimization and NP-completeness.
J. N. Tsitsiklis, D. Bertsimas

6.252J Nonlinear Programming

(Same subject as 15.084J)
Prereq.: 18.06, 18.100
G (2)
3-0-9 H-LEVEL Grad Credit

A unified analytical and computational ap-
proach to nonlinear optimization problems. Un-
constrained optimization methods include
gradient, conjugate direction, Newton, and
quasi-Newton methods. Constrained optimiza-
tion methods include feasible directions, projec-
tion, interior point, and Lagrange multiplier
methods. Convex analysis, Lagrangian relaxa-
tion, nondifferentiable optimization, and ap-
plications in integer programming.
Comprehensive treatment of duality theory. Ap-
plications drawn from control, communications,
power systems, and resource allocation
problems.
D. P. Bertsekas, J. F. Shapiro

6.262 Discrete Stochastic Processes

Prereq.: 6.041 or 6.431 or 18.313
G (2)
3-0-9 H-LEVEL Grad Credit

Review of probability and laws of large num-
bers; Poisson counting process and renewal
processes; Markov chains (including Markov
decision theory), branching processes, birth-
death processes, and semi-Markov processes;
continuous-time Markov chains and revers-
ibility; random walks and large deviations; ap-
plications from queueing, communication,
control, and operations research.
R. G. Gallager, R. C. Larson

6.263 Data-Communication Networks

Prereq.: 6.041 or 18.313
G (1)
3-0-9 H-LEVEL Grad Credit

Modeling of the control processes in computer
and data communication networks. Develops
and utilizes elementary concepts from queue-
ing theory, algorithms, linear and nonlinear
programming to study the problems of line and
network protocols, distributed algorithms,
quasi-static and dynamic routing, congestion
control, deadlock prevention. Treats local and
wide-area networks, and electronic and high-
speed optical networks.
D. P. Bertsekas

6.264J Queues: Theory and
Applications

(Same subject as 15.072J)
Prereq.: 6.262 or 6.432 or 15.071J
G (1)
3-0-9 H-LEVEL Grad Credit

Modeling and analysis of queueing systems,
with applications in communications, manufac-
turing, operations research, computers, ser-
vice industries, transportation, and urban
systems. Simple Markovian queues, networks
of queues, non-Markovian single and multi-
server queues, priority queues, bounds and ap-
proximations, statistical inference. Leads to
research opportunities.
R. C. Larson, L. Wein

6.281J Logistical and Transportation
Planning Methods

(Same subject as 1.203J, 11.526J, 13.665J,
15.073J, 16.76J)
Prereq.: 6.431, 15.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.203J.
R. C. Larson, A. /. Barnett, A. R. Odoni

6.291 Seminar in Systems,
Communications, and Control Research

Prereq.: Permission of instructor
G (1, 2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

A seminar dealing with advanced topics in sys-
tems, communications, and control. Selected
topics according to student and instructor inter-
est. See instructor for specific topics to be of-
fered in a particular term.
S. K. Mitter

Electronics, Computers, and
Systems

6.301 Solid-State Circuits

Prereq.: 6.012
U (1)
4-2-6

Analysis and design of transistor circuits,
based directly on the semiconductor physics
and transistor circuit models developed in
6.012. High-frequency and low-frequency
design calculations and simulation of multi-
stage transistor circuits. Trans-linear circuits.
The charge-control model. Introduction to
operational-amplifier design and application.
Some previous laboratory experience as-
sumed. 4 Engineering Design Points.
J. K. Roberge, H-S. Lee

6.302 Feedback Systems

Prereq.: 6.003 or 2.02
U (2)
4-2-6

Introduction to design of feedback amplifiers
and automatic control systems. Properties and
advantages of feedback systems. Time-
domain and frequency-domain performance
measures. Stability and degree of stability. Ny-
quist criterion. Frequency-domain design. Root
locus method. Compensation techniques. Ap-
plication to a wide variety of physical systems.
Some previous laboratory experience with
electronic systems is assumed (e.g., 6.002 or
6.071). 4 Engineering Design Points.
L. A. Gould, J. K. Roberge

6.311 Telephony

Prereq.: 6.002 or 6.071 or 6.101
U (2)
2-0-4

Reviews current telephone technology. Ex-
amines the sequence of events occurring as a
call is originated, connection made, and call
completed for commonly used systems includ-
ing manual switchboards, step-by-step, cross-
bar, and ESS offices. Interoffice connection,
signal methods, and traffic problems. Techni-
cal and economic characteristics of equipment
used for voice and data communications.
Tours of representative facilities arranged.
S. K. Burns

6.312 Acoustics

Prereq.: 6.002
U (1)
3-0-9

Sound generation and propagation in elastic
media. Simple sources and arrays of sources.
Derivation of lumped parameter acoustical ele-
ments and circuits from solutions of wave
equations. Radiation impedance. Conversion
among acoustical, electrical, and mechanical
energy. Modeling and analysis of electroacous-
tical devices such as microphones and
loudspeakers. Sound in rooms. Interaction of
sound and humans.
A. G. Bose
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6.313 Contemporary Computer Design

Prereq.: 6.004
U (1)
3-0-9
Computer arithmetic; high-speed logic design
and packaging; clocking strategies; pipelined
computer techniques; microprogramming vs
simple instruction sets; cache and paging
design; datatyping, hardware support for gar-
bage collection; MIMD/SIMD parallel com-
puters; interprocessor communications
technologies. 2 Engineering Design Points.
T. F. Knight, Jr.

6.331 Advanced Circuit Techniques

Prereq.: 6.301, 6.302
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-2-7 H-LEVEL Grad Credit

Following a brief classroom discussion of
relevant principles, each student completes
the paper design of several advanced circuits
such as multiplexers, sample-and-holds, gain-
controlled amplifiers, analog multipliers, digital-
to-analog or analog-to-digital converters, and
power amplifiers. One of each student's
designs may be presented to the class, and
one may be built and evaluated. Associated
laboratory emphasizing the use of modern
analog building blocks. Enrollment limited. Per-
mission of instructor required. Alternate years.
12 Engineering Design Points.
J. K. Roberge

6.332 Advanced Instrumentation
Electronics

Prereq.: 6.003
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Modern instrumentation circuits, transduction.
Deterministic and statistical models. Emphasis
on analog-digital circuits with microprocessor
controllers. Case-study approach: team
design, implementation, and presentation of
prototype instruments such as op-amp tester,
noise-measurement, thermal, electrochemical,
optical measurement systems. Topics: linear
circuits, op-amps, filters, differential amplifiers,
synchronous detectors, phase-locked loops,
sampling, quantization, microprocessor inter-
face and control. Alternate years. 6 Engineer-
ing Design Points.
S. K. Burns, J. C. Weaver

6.333 Electronic Circuits

Prereq.: 6.003, 6.012
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Modeling, design analysis, and simulation of
linear and nonlinear circuits including applica-
tion of circuit methods to electromagnetic and
electromechanical systems. Topics: direct,
recursive, and iterative analysis of lumped and
distributed circuits; simplification through
hierarchies of abstraction; computer modeling
and simulation; invariants and fundamental
limitations. Examples: amplifiers, oscillators,
and filters; switching circuits for power control;
feedback control of unstable systems. Alter-
nate years.
R. D. Thornton

6.334 Power Electronics

Prereq.: 6.012, 6.013
G (2)
3-0-9 H-LEVEL Grad Credit

The application of electronics to energy conver-
sion and control; phase-controlled rectifier/in-
verter circuits, dc/dc converters, high
frequency inverters, and motion control sys-
tems. Characteristics of power semiconductor
devices: diodes, bipolar and field effect transis-
tors, and thyristors. Modeling, analysis, and
control techniques. Magnetic circuits.
Numerous application examples.
J. G. Kassakian, M. F. Schlecht

6.335 Fundamental Theory of Nonlinear
Networks

Prereq.: 6.003, 18.06
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Network topology: graph theory. Tellegen's
theorem, colored arc lemma, applications. Al-
gebraic n-ports. Circuit properties: passivity,
losslessness, reciprocity, monotonicity. Resis-
tive networks: uniqueness, no-gain, sensitivity
and extremum principles. Dynamic networks:
state equations, differential equation theory,
Lyapunov stability. Applications emphasize
analog VLSI circuits for machine vision.
Recommended prerequisite: 6.201. Alternate
years.
J. L. Wyatt, Jr.

6.336 Introduction to Numerical
Algorithms

Prereq.: 18.06
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduction to practical and theoretical
aspects of numerical algorithms, emphasizing
broadly applicable approaches. Topics: sparse
matrix techniques; data structures for direct
factorization; relaxation and conjugate-direc-
tion iterative methods; nonlinear equation solu-
tion algorithms; Newton's method; arc-length
continuation schemes; solution of ordinary dif-
ferential equations; methods for boundary
value problems; solution of elliptic partial dif-
ferential equations; solution of integral equa-
tions. Alternate years.
J. K. White

6.341 Discrete-Time Signal Processing

Prereq.: 6.003; 18.075 or 18.04
G (1, 2)
4-0-8 H-LEVEL Grad Credit

Representation, analysis, and design of dis-
crete time signals and systems. Z-transforms
and the discrete Fourier transform. Difference
equations. The fast Fourier transform (FFT) al-
gorithm. High-speed convolution. Time- and
frequency- domain design techniques for recur-
sive (IIR) and nonrecursive (FIR) systems.
Finite wordlength effects. Additional topics
may include homomorphic signal processing,
Hilbert transforms, parametric signal modeling,
power spectrum estimation, and applications
to speech and image processing.
A. V. Oppenheim

6.343 Digital Speech Processing

Prereq.: 6.341
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-0-8 H-LEVEL Grad Credit

Applications of digital signal processing
techniques to speech signals. Acoustic
theories of speech production leading to time-
and frequency-domain models for speech
processing. Speech analysis and synthesis
techniques, including spectrogram, linear
prediction, homomorphic filtering, and filter
bank and sinusoidal representations. Pitch es-
timation. Principles of scalar and vector quan-
tization, modification, speech enhancement.
Speech coding, noise reduction, radio broad-
casting; music analysis-synthesis; frequency
modulation. Alternate years.
T. F. Quatieri
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6.344 Two-Dimensional Signal and
Image Processing

Prereq.: 6.341
G (2)
3-0-9 H-LEVEL Grad Credit

Representation, analysis, and design of two-
dimensional signals and systems. Two-dimen-
sional Fourier transform, z-transform, discrete
Fourier transform, and fast Fourier transform
algorithms. Image processing basics. Image
enhancement. Image restoration. Image
coding. Advanced television systems.
J. S. Lim

6.345 Automatic Speech Recognition

Prereq.: 6.341; 6.041 or 6.431
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-1-8 H-LEVEL Grad Credit

Graduate level introduction to automatic
speech recognition. Provides background in
signal processing, acoustic theory of speech
production, acoustic-phonetics, computational
linguistics. Description of speech recognition
systems: parametric representation, pattern
classification, search algorithms, stochastic
modeling techniques. Examines the approach
and performance of speech recognition sys-
tems such as those developed at AT&T, BBN,
IBM, MIT, CMU, and others. Enrollment
limited. Alternate years. 4 Engineering Design
Points.
V. W. Zue, J. R. Glass

6.371 Introduction to VLSI Systems

Prereq.: Permission of instructor
G (1, 2)
3-6-6 H-LEVEL Grad Credit

Provides background in integrated devices, cir-
cuits, and digital subsystems needed for
design and implementation of integrated sys-
tems. Design methodology, use of ratioed
design rules and library modules, symbolic
layout languages, computer-aided design tech-
niques. Students required to complete,
through layout, the design of a digital subsys-
tem in NMOS or CMOS. Selected projects
form a multi-project chip set, leading to wafers
available after the end of the term for packag-
ing and testing by the student. Limited enroll-
ment. 4 Engineering Design Points.
J. Allen

6.372 Design and Analysis of VLSI
Circuits

Prereq.: 6.371
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

MOS device parameters, design rules, and
fabrication from a circuit design perspective.
Physics of devices and interconnect. Noise
margins, worst-case design. Circuit design of
high-speed gates. Analog aspects of digital
design. Clocking. System level issues in VLSI
design. Alternate years. 2 Engineering Design
Points.
T. F. Knight, Jr.

6.373 Computer-Aided Design of Integrated
Circuits

Prereq.: 6.004
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Theoretical, algorithmic, and practical aspects
of the development of computer-aided design
tools for VLSI design. Automated synthesis at
the logic, layout, and architectural levels. Test-
ing of VLSI circuits, formal verification and
design-for-testability methods, and interaction
between synthesis and testability of VLSI sys-
tems. Alternate years. 2 Engineering Design
Points.
S. Devadas

Probabilistic Systems and
Communication

6.430J Engineering Probability and
Statistics

(Same subject as 3.81J, 15.064J)
Prereq.: 18.02
G (S)
4-0-8 H-LEVEL Grad Credit

Modeling and analysis of uncertainty. Random
variables, transforms, simple random proc-
esses and their probability laws. Probability as-
sessment and decision analysis. Limit
theorems. Introduction to experimental design.
Regression and basic statistical procedures
pertinent to manufacturing and quality control.
Primarily intended for students in the Leaders
for Manufacturing Program; others may con-
sult instructor.
A. W. Drake

6.431 Applied Probability

(Subject meets with 6.041)
Prereq.: 18.02
G (1, 2)
4-0-8

Meets with undergraduate subject 6.041. Re-
quires the completion of additional advanced
home problems.
A. W. Drake

6.432 Stochastic Processes, Detection, and
Estimation

Prereq.: 6.003; 6.041 or 6.431 or 18.313
G (1, 2)
4-0-8 H-LEVEL Grad Credit

Fundamentals of detection, estimation, and
stochastic processes of importance in com-
munication, control, and signal processing.
Review of probability and introduction of vector
notation for sets of random variables. Prin-
ciples of hypothesis testing and parameter es-
timation. Introduction to stochastic processes
in continuous and discrete time. Correlation
functions, power spectra and linear systems
with stochastic inputs. Series expansions of
processes. Signal detection and parameter es-
timation from noisy observations. Wiener filter-
ing.
A. S. Willsky, J. H. Shapiro

6.433 Recursive Estimation

Prereq.: 6.201 or 6.233J or 6.241; 6.432
G (2)
3-0-9 H-LEVEL Grad Credit

State-space based theory of dynamic estima-
tion in discrete and continuous time. Linear
state-space models driven by white noise. Kal-
man filter and its properties. Implementation is-
sues, including the solution of the Riccati
equation, the square-root filter, and efficient al-
gorithms for the Kalman gain. Optimal smooth-
ing for linear systems. Nonlinear filtering and
the extended and second-order Kalman filters.
A. S. Willsky

6.435 System Identification

Prereq.: 6.201, 6.432
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Mathematical models of systems from observa-
tions of their behavior. Time series, state-
space, input-output models. Model structures,
parametrization, identifiability. Non-parametric
methods. Prediction error methods for
parameter estimation, convergence, consisten-
cy, asymptotic distribution. Relations to maxi-
mum livelihood estimation. Recursive
estimation; relation to Kalman filters; structure
determination; order estimation; Akaike
criterion; bounded but unknown noise models.
Robustness, practical issues. Alternate years.
M. Dahleh, S. K. Mitter

6.441 Transmission of Information

Prereq.: 6.262 or 6.432 or 6.431
G (2)
3-0-9 H-LEVEL Grad Credit

Introduction to the quantitative theory of infor-
mation and its applications to reliable, efficient
communication systems. Mathematical defini-
tion and properties of information. The source
coding theorem. Lossless compression of
data, including adaptive compression for un-
known source statistics. Noisy communication
channels, the data processing theorem, and
fundamental limits on decoding error. Introduc-
tion to algebraic and convolutional error correc-
tion coding techniques.
R. G. Gallager



62D School of Engineering

6.450 Communication Systems

(Subject meets with 6.074)
Prereq.: 16.040 or 6.003; 6.041 or 18.313 or
18.440
G (1)
3-0-9
Graduate-level introduction to communication
systems and to their implementation with fiber
optics technology. Description of signals and
noise in the frequency domain. Analog and
digital methods of modulation, demodulation,
multiplexing, and transmission. Signal-to-noise
ratios and error probabilities as measures of
system performance. Meets with under-
graduate subject 6.074, but involves additional
discussion, reading, and homework.
R. S. Kennedy

6.451 Principles of Communication

Prereq.: 6.003, 6.432
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamental principles underlying the trans-
mission of digital data over noisy channels.
Mathematical description of signals, noise, and
channels. Digital modulation and signal
design. Decision regions and optimum
receivers. Intersymbol interference and adap-
tive equalization. Convolutional codes. Fading
and multipath channels. Topics of current inter-
est.
P. A. Humblet

6.453 Optical Detection and
Communication

Prereq.: 6.041, 6.014
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Basic graduate subject in optical detection and
its applications. Phenomenological description
of photodetectors. Shot noise, thermal noise,
gain-fluctuation noise statistics. Signal-to-noise
ratios of direct detection and heterodyne detec-
tion systems. Propagation models for optical
fibers. Application of noise analysis to fiber
optic communications. Alternate years.
R. S. Kennedy, J. H. Shapiro

6.454 Advanced Topics in Optical
Communication Research

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Discusses advanced topics and current re-
search activities in optical detection, propaga-
tion, and communication. Material presented
and detailed prerequisites vary from year to
year. Term paper required. Light propagation
in fibers, special modulation and detection is-
sues, communication models for lasers,
amplifiers, filters, and detectors. Alternate
years.
P. A. Humblet, J. H. Shapiro

6.455J Sonar, Radar and Seismic Signal
Processing I
(Revised Content)
(Same subject as 13.741J, 12.518J)
Prereq.: 2.02 or 6.003, 6.041, 18.075 or 18.085
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Alternate years. See description under subject
13.741J.
A. B. Baggeroer, J. R. Fricke

6.456J Sonar, Radar and Seismic Signal
Processing I1
(Revised Content)

(Same subject as 13.742J, 12.519J)
Prereq.: 13.741J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-1-8 H-LEVEL Grad Credit

See description under subject 13.742J.
A. B. Baggeroer, J. R. Fricke

BioeleCtriCal Engineering

6.501 Sound, Speech, Hearing

Prereq.: 6.003
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9
Introduces the physical, physiological, and
psychological bases of auditory communica-
tion. Physical acoustics, properties of neural
and muscular elements, the vocal tract and
speech generation, signal transmission in the
auditory system, perception of attributes of
speech and speechlike sounds, and the linguis-
tic units that underlie speech events. Disorders
of human communication. Alternate years.
K. N. Stevens, L. D. Braida

6.521J Quantitative Physiology: Cells and
Tissues
(New)

(Same subject as 2.794J, HST 541J)
Prereq.: 2.02 or 6.002 or 6.071; 8.02, 18.03
G (1)
5-2-5

Meets with undergraduate subject 6.021J. Re-
quires the completion of more advanced home
problems and/or an additional project.
T. F. Weiss

6.541J Speech Communication

(Same subject as 24.968J, HST 710J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Survey of structural properties of natural lan-
guages, with special emphasis on the sound
pattern. Physiology of speech production, ar-
ticulatory phonetics. Acoustical theory of
speech production; acoustical and articulatory
descriptions of phonetic features. Perception
of speech: the auditory capabilities of humans;
evidence for perceptual correlates of phonetic
categories. Applications to recognition and
generation of speech by machine. Recom-
mended prerequisite: mathematical back-
ground equivalent to 6.003.
K. N. Stevens, S. J. Keyser

6.542J Laboratory on the Physiology,
Acoustics, and Perception of Speech
(Same subject as 24.966J, HST 712J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
2-2-8 H-LEVEL Grad Credit

Experimental investigations of speech proc-
esses. Topics: a) interpretation of x-ray motion
pictures, b) measurements of pressure and
volume velocity, c) computer-aided waveform
analysis and spectral analysis of speech, d)
synthesis of speech, e) perception and dis-
crimination of speechlike sounds, and other
topics. Recommended prerequisites: 6.501,
6.002 or 18.03. Alternate years. 4 Engineering
Design Points.
K. N. Stevens

6.551J Acoustics of Speech and Hearing

(Same subject as HST 714J)
Prereq.: 8.03 and 6.003 or permission of in-
structor
G (1)
4-2-6 H-LEVEL Grad Credit

Electric-acoustic analogies. Review of basic
ideas of circuit theory; natural frequencies, two-
ports, reciprocity, energy, and power. Laws of
acoustics. Waves in one dimension. Acoustic
impedance. Natural frequencies in tubes.
Lumped approximations. Losses, non-uniform
plane waves, horns. Room acoustics. Sound
sources and microphones. Concepts applied
to speech production and hearing.
Laboratories demonstrate measurement
methods, data presentation, and test of theory.
4 Engineering Design Points.
W. T. Peake, J. J. Rosowski,
W. M. Rabinowitz, K. N. Stevens
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6.552J Signal Processing by the Auditory
System: Perception

(Same subject as HST 716J)
Prereq.: 6.003; 6.041 or 6.431
G (1)
3-0-9 H-LEVEL Grad Credit

Studies behavioral aspects of human hearing
in relation to current physiological knowledge.
Examines performance in processing informa-
tion from acoustic stimuli. Correlations be-
tween behavior and physiology, reflecting the
tono-topic organization and stochastic re-
sponses of the auditory system. Mathematical
models of psychophysical relations, incorporat-
ing quantitative knowledge of physiological
transformations by the peripheral auditory sys-
tem. Discusses related research on diagnosis
and aids for partially deaf.
L. D. Braida

6.555J Biomedical Signal and Image
Processing

(Same subject as HST 582J, 16.456J)
Prereq.: 6.003 or 2.02 or 18.085
G (2)
3-6-3 H-LEVEL Grad Credit

See description under subject HST 582J.
W. M. Siebert, B. Delgutte

6.561J Fields, Forces, and Flows:
Background for Physiology

(Same subject as 2.795J, HST 544J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Conduction, diffusion, convection in
electrolytes; fields in heterogeneous media;
electrical double layers; Maxwell stress tensor
and electrical forces in physiological systems.
Fluid and solid continua: equations of motion
useful for porous, hydrated biological tissues.
Case studies: membrane transport; electrode
interfaces; electrical, mechanical, and chemi-
cal transduction in tissues; electrophoretic,
electroosmotic flows; diffusion/reaction; ECG.
Electromechanical and physicochemical inter-
actions in biomaterials and cells; orthopaedic
and other clinical examples.
A. J. Grodzinsky

6.562J Ultrasound: Physics, Biophysics,
and Technology

(Same subject as 2.76J, HST 530J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-1-7 H-LEVEL Grad Credit

Alternate years. See description under subject
2.76J.
F. R. Morgenthaler, P. P. Lele

6.566J Biosensors, Signal Processing, and
Biomedical Applications

(Same subject as HST 585J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-3-6 H-LEVEL Grad Credit

Alternate years. 6 Engineering Design Points.
See description under subject HST 585J.
S. K. Bums, J. C. Weaver

EleCtrodynamiCS

6.601 Fields, Forces, and Motion

Prereq.: 6.013
U (1)
3-0-9

Electromechanical interactions in lumped-
parameter and continuum systems. Integral
and differential electromagnetic laws, including
motion. Lumped electrical and mechanical ele-
ments: thermodynamics of discrete
electromechanical coupling, equations of mo-
tion. Synchronous and induction rotating
machines. Linear and nonlinear transducers,
transient and steady-state dynamics;
electromechanical time constants. Field trans-
formations, dc rotating machines, magnetic dif-
fusion and charge relaxation in moving
conductors. Electromagnetic force densities
and stress tensors.
J. H. Lang

6.630 Electromagnetic Waves

Prereq.: 6.014 or 8.03
G (1)
3-0-9 H-LEVEL Grad Credit

A first-year graduate subject on electromag-
netic waves. Topics: polarization, Stokes
parameters, Poincare sphere, gyrotropic
media, uniaxial media, phase matching,
layered media, dielectric waveguides, metallic
waveguides and resonators, Cerenkov radia-
tion, Hertzian dipole, equivalence principle,
and reciprocity. Examples deal with propaga-
tion, guidance, and radiation of electromag-
netic waves.
J. A. Kong

6.631 Optics and Optical Electronics

Prereq.: 6.014 or 8.07
G (1)
3-0-9 H-LEVEL Grad Credit

A first-year graduate subject on fundamental
concepts and techniques of modern optics and
quantum electronics. Review of Maxwell's
equations and the vector properties of light. In-
terference and interferometers. Temporal and
spatial coherence. Scalar diffraction theory.
Propagation of spherical and Gaussian-spheri-
cal beams. Thin film and "fiber" waveguides.
Device applications of electrooptic effect and
nonlinear optics.
H. A. Haus, S. Ezekiel

6.632 Electromagnetic Wave Theory

Prereq.: 6.014
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

A first-year graduate subject on electromag-
netic wave theory, emphasizing mathematical
approaches, problem solving, and physical in-
terpretation. Topics include equivalence prin-
ciple, duality and complementarity, Huygens'
principle, Fresnel and Fraunhofer diffraction,
random media, effective permittivities, dyadic
Green's functions, Lorentz transformation,
Maxwell-Minkowski theory. Examples deal with
limiting cases of Maxwell's theory and diffrac-
tion and scattering of electromagnetic waves.
Alternate years.
J. A. Kong

6.633 Electrodynamics of Waves, Media,
and Interactions

Prereq.: 6.014 or 8.07; 18.04 or 18.075
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Wave propagation in media with temporal and
spatial dispersion; pulse propagation and
Green's function analysis. Linear stability
theory; absolute and convective instabilities.
Energy, momentum, and their flows as-
sociated with small-amplitude wave propaga-
tion in passive and active media. Geometric
optics and mode conversion in in-
homogeneous media. Linear and nonlinear
coupling of modes in stable and unstable sys-
tems. Nonlinear dynamics of order and chaos;
solitons and intrinsic stochasticity. Alternate
years.
A. Bers

6.634 Nonlinear Optics

Prereq.: 6.014, 6.017
G (2)
3-0-9 H-LEVEL Grad Credit

Nonlinear optical phenomena, emphasizing ap-
plications, techniques, and devices. Nonlinear
polarization: harmonic generation, frequency
conversion, optical Kerr effect, self-phase
modulation, wavefront conjugation. Pulse
propagation in nonlinear media. Applications
to fiber optics. Nonlinear laser spectroscopy.
Picosecond and femtosecond measurement
techniques.
E. P. Ippen, J. G. Fujimoto

6.635 Topics in Electrodynamics

Prereq.: 6.014 or 6.632 or 8.07
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Material covered differs from year to year ac-
cording to interest of students and instructor in
charge. Typical topics include electrodynamics
of moving media, waves in dispersive media,
microstrip integrated circuits, quantum optics,
remote sensing, radiative transfer theory and
random media. Offered when there are
suitable topics with enough student and staff
interest.
J. A. Kong
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6.637 Optical Information Processing

Prereq.: 6.003, 6.014
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Systems, algorithms, devices, and applications
for optical information processing. Topics:
coherent and incoherent optical processors;
space-and-time-integrating correlators; space-
variant processors; white-light processors; digi-
tal optical processors; matrix-algebraic
processors: symbolic optical processors; opti-
cal neural networks; adaptive optics; acousto-
optic, electrooptic, and photorefractive spatial
light modulators; limitations of optical com-
puters. Alternate years.
C. Warde

6.641 Microwave Circuits

Prereq.: 6.014
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Electromagnetic wave propagation on uniform
and periodic structures, waveguide, stripline,
and microstrip. Surface Acoustic Wave (SAW)
and magnetic resonance devices. Equivalent
circuit representations for apertures and
obstacles. Multiport junctions. Non-reciprocal
ferrite devices. Cavity and solid state
resonators; filters. Perturbation theory. Intro-
duction to computer-aided optimization. Alter-
nate years.
F. R. Morgenthaler

6.642 Antennas and Radiation

Prereq.: 6.014
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

General theory of radiation and diffraction with
application to microwave antennas.
Equivalence and Babinet's principles; duality,
complementarity, and reciprocity theorems;
lumped and distributed circuit representations.
Emphasis on both analysis and synthesis of
antenna arrays, reflectors, and lenses. Alter-
nate years.
F. R. Morgenthaler, J. A. Kong

6.651J Introduction to Plasma
Physics I

(Same subject as 8.613J, 22.611J)
Prereq.: 6.014 or 8.07; 18.04 or 18.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 8.613J.
A. Bers, M. Porkolab

6.652J Introduction to Plasma
Physics II

(Same subject as 8.614J, 22.612J)
Prereq.: 6.651J or 8.613J or 22.61 1J
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 8.614J.
A. Bers

6.653J Theory of Plasma Confinement I

(Same subject as 22.615J)
Prereq.: 22.601 or 22.611J or 6.651J or 8.613J
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 22.615J.
R. Parker, D. J. Sigmar, J. P. Freidberg

6.661 Receivers, Antennas, and Signals

Prereq.: 6.014
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Detection and measurement of radio and opti-
cal signals encountered in communications,
astronomy, remote sensing, and radar. Statisti-
cal analysis of signal processing systems, in-
cluding radiometers, spectrometers,
interferometers, and digital correlation sys-
tems. Matched filters and ambiguity functions.
Communications channel performance. Meas-
urement of random electromagnetic fields. An-
gular filtering properties of antennas,
interferometers, and aperture synthesis sys-
tems. Radiative transfer and parameter estima-
tion. Alternate years.
D. H. Staelin

6.662J Radar Astronomy, Astrometry, and
Geodesy

(Same subject as 12.604J, 8.931J)
Prereq.: 6.014 or 8.03; 18.075 or 18.085
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Alternate years. See description under subject
12.604J.
D. H. Staelin, G. H. Pettengill,
C. C. Counselman ///

6.671 Continuum Electromechanics I

Prereq.: 6.013; 6.601 or 2.03J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Quasistatic field dynamics. Transfer relations
as an approach to field descriptions.
Electromagnetic forces, force densities, and
stress tensors, including magnetization and
polarization. Classification of energy-conver-
sion processes. Charge migration and relaxa-
tion, and magnetic diffusion and induction
interactions with material motion. Introduction
to electromechanics of continua. Temporal
and spatial modes. Spectral numerical techni-
ques. Method of characteristics. Varied applica-
tions. Alternate years.
M. Zahn

6.672 Continuum Electromechanics I
Prereq.: 6.671
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Laws, approximations, and relations of con-
tinuum mechanics. Mechanical and
electromechanical transfer relations. Statics
and dynamics of electromechanical systems
having a static equilibrium. Electromechanical
flows. Field coupling with thermal and
molecular diffusion. Electrokinetics. Streaming
interactions. Applications to materials process-
ing, magnetohydrodynamic and
electrohydrodynamic pumps and generators,
physiochemical systems, heat transfer, con-
tinuum feedback control, electron beam
devices, and plasma dynamics. Emphasis on
microfabricated systems. Alternate years.
M. Zahn

6.673 Introduction to Numerical Simulation
in Electrical Engineering

Prereq.: 6.012 or 6.013
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Selection of a simulation model and physical
approximations. Solution of nonlinear coupled
PDEs in 1 -D through finite difference and finite
element methods, Newton's method, and
variants. Finite difference and finite element
methods in 2-D and sparse matrix methods
emphasizing conjugate gradient algorithms.
Semiconductor devices used as primary ex-
amples; additional examples drawn from E&M
modeling, nonlinear pulse propagation, and
laser physics. Alternate years.
P. L. Hagelstein

6.683J Operation and Planning of Electric
Power

(Same subject as TPP 61J)
Prereq.: 6.061 or 6.013; 15.011
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Focus on worldwide changes in power sys-
tems from generation technology to network
operation, including significant customer and
private generation. Topics include evaluation
of new technologies in system control; conser-
vation and load management; supply; system
economics; rate setting; deregulation; cus-
tomer response to new rates. Electrical and
economic analysis of power transfers: wheel-
ing. Alternate years.
M. D. Ilic, R. D. Tabors
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6.685 Electric Machines

Prereq.: 6.061 or 6.601
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Treatment of transformers, electromechanical
transducers, rotating and linear electric
machines. Lumped-parameter
electromechanics of interaction. Consideration
of the basic machine types: dc, induction,
synchronous. Development of device charac-
teristics: energy conversion density, efficiency;
and of system interaction characteristics:
regulation, stability, controllability, and
response. Problems taken from current re-
search. Alternate years.
J. L. Kirtley, Jr.

6.686 Advanced Power Systems I

Prereq.: 6.002 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Basic components of power systems and func-
tion in interconnected systems: fast dynamics
(synchronous generators and their voltage
regulation); slow-speed dynamics (turbines
and their governor control); networks and con-
sumers; long-term dynamics (boilers, nuclear
reactors, and local control). Principles of real-
time monitoring and control of the intercon-
nected system: automatic generation control
and reactive flow control. Leads to research
opportunities. Recommended corequisites:
6.233J or 6.241. Alternate years.
M. D. I/ic

6.687 Advanced Power Systems 11
Prereq.: 6.233J or 6.241; 6.686
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Strong emphasis on fundamental network and
theoretical problems in automated monitoring
and control of large-scale power systems.
Parallel problems in manufacturing systems
and chemical processes. Unique dynamical
properties of this class of systems. Equilibria,
phase portraits. Theoretical foundations for effi-
cient exchange of electric power, wheeling,
deregulation. New estimation and stabilization
techniques. Impact of new technologies on
automation. Parallel and distributed comput-
ing. Suggested corequisites: 6.243J or 6.335.
Alternate years.
M. D. I/ic

6.688J Strategic Analysis for
Environmental Planning and Design
(New)

(Same subject as 1.141J, 3.563J, 22.822J,
TPP 59J)
Prereq.: 1.146 or 2.192 or 3.56 or 13.62 or
16.784 or 22.821 or TPP 21
G (2)
3-0-6 H-LEVEL Grad Credit

Gives participants practical understanding of
the procedures for successfully designing com-
plex technical systems that must perform well
in a social context. Student teams work with
computer-based models to examine the effect
of alternative strategies; then define the
tradeoffs between energy use, environmental
quality, and costs, so as to develop a policy
which is consistent with the social, economic,
political and historical context of the region.
The example treated is the proposed policy of
requiring the introduction of personal electric
cars in the Los Angeles region, as a means of
reducing pollution.
D. H. Marks, R. de Neufville, J. Clark,
M. W Golay, D. Sadoway, R. D. Tabors

Solid-State Materials and DeVices

6.720 Semiconductor Devices

Prereq.: 6.012
U (1)
4-0-8

The physics of semiconductor devices for
silicon integrated circuit applications. Topics:
semiconductor fundamentals, metal-semicon-
ductor junction, p-n junction, bipolar junction
transistor, metal-oxide semiconductor struc-
ture, and MOS field-effect transistor. Emphasis
on developing physical intuition through the
use of energy band diagrams and building
professional device models. First- and second-
order effects discussed. Issues in modern
device scaling outlined.
D. A. Antoniadis

6.730 Physics for Solid-State
Applications

Prereq.: 6.013
G (1)
4-0-8 H-LEVEL Grad Credit

Fundamental physics for solid-state applica-
tions, including a review of quantum
mechanics and statistical physics: classical
and quantum models of electrons in solids;
crystal lattices; energy band structures in the
nearly free electron and tight binding ap-
proximations; effective masses and semiclassi-
cal equations of motion; lattice vibrations and
phonons; band structures and properties of
selected semiconductors. Recommended for
first-year graduate students interested in solid-
state physics and devices.
T. P. Orlando, H. I. Smith

6.732 Physics of Solids

Prereq.: 6.730 or 8.231
G (2)
4-0-8 H-LEVEL Grad Credit

Continuation of material in 6.730. Basic con-
cepts of the quantum theory of solids, em-
phasizing simple physical models. Topics:
electronic structures, dynamics of electrons in
solids, Fermi surfaces, transport phenomena
in metals and semiconductors; optical proper-
ties of metals, semiconductors and insulators;
lattice modes; magnetic phenomena in solids,
paramagnetism, diamagnetism, ferromag-
netism; resonance studies in a magnetic field;
quantum Hall effect; superconductivity.
Q. Hu

6.734J Application of Group Theory to the
Physics of Solids

(Same subject as 8.510J)
Prereq.: 6.732 or 8.232
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Group theory techniques: mathematical back-
ground, representation theory, character
tables, basis functions, point groups, space
groups, double groups, time reversal sym-
metry. Applications: crystal field structure,
selection rules, directed valence and bonds,
molecular vibrations, group of the wave vector
with application to energy bands, lattice
modes. Alternate years.
M. S. Dresse/haus

6.735J Physics of Semiconductors and
Devices

(Same subject as 8.532J)
Prereq.: 6.732 or 8.232
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Alternate years. See description under subject
8.532J.
M. S. Dresse/haus

6.751 Quantum Electronics

Prereq.: 6.017 or 8.05
G (2)
3-0-9 H-LEVEL Grad Credit

The quantum theory of light. Basic phenomena
of quantum electronics, including development
of background quantum mechanics and optical
properties of solids. Quantization of elec-
tromagnetic field and spontaneous plus stimu-
lated optical transitions between energy levels.
Resonant processes: electric dipole transi-
tions, absorption, dispersion, saturation.
Photon optics and counting. Coherence. The
laser and its operating characteristics. Rate
equations, optical pumping, Q-switching, mode
locking. Resonance fluorescence, light scatter-
ing.
G. W. Pratt, Jr.
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6.763 Applied Superconductivity

Prereq.: 6.013 or 8.07
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Phenomenological approach to superconduc-
tivity, surveying large-scale and small-scale
applications. Electrodynamics of super-
conductors, London's model, flux quantization.
Type I superconductors, upper critical fields,
pinning, critical state model. Josephson Junc-
tions and superconducting quantum devices,
equivalent circuits and analogs, computers.
Brief overview of superconducting materials
and microscopic theory. Some background in
solid-state physics helpful. Alternate years.
T. P. Orlando

6.771 Physics of Semiconductor
Devices
(Revised Units)

Prereq.: 6.730, 6.720
G (2)
4-0-8 H-LEVEL Grad Credit

The physical basis of semiconductor device
operation. Semiconductors in equilibrium;
electrochemical potential; generation-recom-
bination mechanisms; Boltzmann transport
equation; ambipolar transport, p-n homojunc-
tions and heterojunctions; Schottky diodes,
MOS capacitors; Gummel approach to bipolar
devices; Zener and avalanche breakdown;
high-level injection; quasi-static behavior of
bipolar and MOS transistors.
D. A. Antoniadis, S. D. Senturia

6.772 Compound Semiconductor Devices
(Revised Units)

Prereq.: 6.720, 6.730
G (2)
4-0-8 H-LEVEL Grad Credit

Physics, modeling, application, and technology
of compound semiconductors (primarily Ill-Vs)
in electronic, optoelectronic, and photonic
devices and integrated circuits. Topics: proper-
ties, preparation, and processing of compound
semiconductors; theory and practice of
heterojunctions, quantum structures, and pseu-
domorphic strained layers; metal-semiconduc-
tor field effect transistors; MESFETs; GaAs-
and InP-based heterojunction field effect tran-
sistors; HFETs; polar transistors; HBTs; opto-
electronic devices.
C. G. Fonstad, Jr.

6.774 Physics of Microelectronic
Fabrication

Prereq.: 6.152J
G (1)
3-0-9 H-LEVEL Grad Credit

Fundamental principles of the processes used
in the fabrication of silicon monolithic in-
tegrated circuits. Physical models of bulk crys-
tal growth, thermal oxidation, solid-state
diffusion, ion implantation, epitaxial deposition,
chemical vapor deposition, and physical vapor
deposition. Refractory metal silicides, plasma
and reactive ion etching, rapid thermal process-
ing. Technological limitations on integrated cir-
cuit design and fabrication. VLSI fundamentals.
L. R. Reif

6.775 Design of Analog MOS LSI

Prereq.: 6.301
G (2)
3-0-9 H-LEVEL Grad Credit

A detailed exposition of the principles involved
in designing analog circuits in MOS LSI.
Device physics, small signal and large signal
models. Biasing. Basic circuit building blocks.
Operational amplifier design. Large signal con-
siderations. Principles of switched capacitor
networks. Applications: fully integrated filters,
comparators, A/D and D/A converters, other
signal processing circuits. A comprehensive
design project is a required part of the subject.
4 Engineering Design Points.
H. S. Lee, C. G. Sodini

6.776J Plasma Processing in Integrated
Circuit Fabrication

(Same subject as 10.616J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Studies glow discharge properties and proc-
esses as applied to integrated circuit fabrica-
tion. The physics and chemistry of
nonequilibrium plasmas. Emphasizes the plas-
ma kinetics and plasma-surface interactions.
Extensively reviews plasma etching proces-
ses, sputter deposition, and plasma enhanced
chemical vapor deposition for the fabrication of
VLSI devices. Alternate years.
L. R. Reif, H. H. Sawin

6.781 Submicrometer and Nanometer
Technology

Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit

Surveys techniques to fabricate and analyze
submicrometer and nanometer structures, with
applications. Reviews optical and electron
microscopy. Surface characterization, prepara-
tion, and measurement techniques. Resist
technology. Optical projection, holographic, X-
ray, ion, and electron lithography. Aqueous,
ion, and plasma etching techniques. Lift-off
and electroplating. Ion implantation. Applica-
tions in microelectronic devices and quantum-
effect electronics. Undergraduates with
permission of instructor.
H. I. Smith

6.791 Special Topics in the Solid State and
Its Application

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

6.792 Special Topics in the Solid State and
Its Application

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Primarily for those interested in research on
solid-state materials and devices for electrical
and electronic applications. Topics and staff to
be announced each term. Given independently
or sequentially as circumstances require.
F. R. Morgenthaler

Computer Science

6.801 Machine Vision

Prereq.: 6.003 or permission of instructor
U (1)
3-0-9
Deriving a symbolic description of the environ-
ment from an image. Understanding physics of
image formation. Image analysis as an inver-
sion problem. Binary image processing and fil-
tering of images as preprocessing steps.
Recovering shape, lightness, orientation, and
motion. Using constraints to reduce the am-
biguity. Photometric stereo and extended
Gaussian sphere. Applications to robotics; in-
telligent interaction of machines with their en-
vironment.
B. K. P. Hom

6.802 Robot Manipulation

Prereq.: 8.01, 18.02
U (2)
3-4-5

Introduces kinematic, dynamic, and spatial con-
straints on robot motion. Basic considerations
in design and application of robot systems.
Solving kinematics of robot manipulators. Plan-
ning trajectories subject to position, velocity,
and acceleration constraints. Using rigid-body
dynamics in the control of robots. Controlling
force and compliance in manipulation. Survey
of basic issues in robot programming. Develop-
ment of algorithms for automatic synthesis of
robot programs. Programming experience
recommended.
T. Lozano-Perez
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6.821 Programming Languages

Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

Principles of functional, imperative, and logic
programming languages. Meta-circular inter-
preters, semantics (operational and denotation-
al), type systems (polymorphism, inference,
and abstract types), object oriented program-
ming, modules, multiprocessing. Case studies
of contemporary programming languages.
Programming experience and background in
language implementation required.
D. K. Gifford

6.823 Computer System Architecture

Prereq.: 6.004 or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Emphasizes the relationship among technol-
ogy, hardware organization, and programming
systems in the evolution of computer architec-
ture. Technology constraints, machine or-
ganization, instruction set architecture, 1/O and
memory system design, addressing structures
and memory management, and their impact on
performance and programmability; design and
programming of pipelined processors; vector
processors, and parallel computers. Assumes
an undergraduate knowledge of computer sys-
tems. 4 Engineering Design Points.
Arvind, W. J. Dally

6.824 Artificial Intelligence

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Foundational issues involved in the construc-
tion of intelligent machines. First half covers
forms of inductive inference, including machine
learning; Bayesian networks; speech percep-
tion; machine vision. Discussion of simulated
annealing and genetic algorithms as optimiza-
tion techniques for inductive inference. Second
half: deductive inference, including reasoning
from constraints; automated theorem proving;
syntax and semantics of natural language; the
relationship between language and reasoning.
D. A. McAllester, P. Szolovits, H. E. Shrobe

6.826 Principles of Computer Systems

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Creoit

An introduction to the basic principles of com-
puter systems with emphasis on the use of
rigorous techniques as an aid to under-
standing and building modern computing sys-
tems. Particular attention paid to concurrent
and distributed systems. Topics include
specification and verification, concurrent algo-
rithms, synchronization mechanisms, naming,
communication protocols, replication tech-
niques (including distributed cache manage-
ment), and principles and algorithms for
achieving reliability.
W. E. Weihl

6.830J Program Semantics and
Verification

(Same subject as 18.427J)
Prereq.: 6.821, 6.045J or 6.840J or 6.044J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Presentation by faculty and students on mathe-
matical approaches to defining semantics of
programming languages: denotational, opera-
tional, and axiomatic semantics. Formal sys-
tems for program verification: soundness and
completeness. Logics of programs, type
theory, lambda calculus. Further topics
selected from semantics and verification of
complex languages with concurrent and paral-
lel constructs; current verification technology.
May be repeated for credit. Alternate years.
A. R. Meyer

6.835 Concurrent Systems for Artificial
Intelligence
Prereq.: 6.001, 6.034
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Concurrent systems and their relationship to ar-
tificial intelligence. Organizations as exemplars
of highly intelligent parallel systems. Concur-
rent architectures for artificial intelligence (e.g.,
Apiary, Connection Machine, and parallel
Prolog machines). Incrementally evolving net-
works of computers. Mathematical models of
concurrent systems (e.g., Actor Model,
Milner's algebraic model, and Hoare's process
model). Alternate years.
C. E. Hewitt

6.840J Theory of Computation

(Same subject as 18.404J)
Prereq.: 18.063 or 18.310
G (1)
4-0-8 (H except XVIII)
See description under subject 18.404J.
M. Karchmer, S. Goldwasser

6.841J Advanced Complexity Theory

(Same subject as 18.405J)
Prereq.: 6.840J
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 18.405J.
S. Goldwasser, M. Sipser

6.845 Parallel Processing: VLSI and
Microarchitecture

Prereq.: 6.823, 6.371
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-5-4 H-LEVEL Grad Credit
Can be repeated for credit

Principles and practical issues in the construc-
tion of parallel VLSI computing systems.
Trends in VLSI technology. Estimation of area,
performance, and power. Parallel-computer
mechanisms and machine organization:
processing-element architecture and memory-
system organization. Communication in VLSI
systems: density and timing models; network
topology; routing algorithms; flow-control
methods. Special-purpose VLSI chips: logic-
added memories, sensors, signal and image
processors. Class project. Alternate years. 6
Engineering Design Points.
W. J. Dally

6.846 Parallel Processing: Systems
Architecture and Applications

Prereq.: 6.823 or permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Principles in the design and programming of
parallel machines. Continuum, particle, and
graph applications. Communication and
synchronization. Locality in parallel computa-
tions. Computational models and parallel com-
puters: dataflow, shared memory, data
parallel, message passing. Parallel machine
mechanisms such as full-empty synchroniza-
tion bits, cache coherence, multithreading.
Design and performance evaluation of multi-
processor systems. Compilation and runtime
technologies: partitioning, placement, schedul-
ing. Substantial project required. Alternate
years. 4 Engineering Design Points.
A. Agarwal

6.847 Dataflow Architecture and
Languages

Prereq.: 6.001, 6.004
G (1)
3-0-9 H-LEVEL Grad Credit

The dataflow model as a basis for designing
parallel systems. Static and dynamic dataflow
graphs. Implicit parallel programming using
functional languages and their extensions.
Higher-order functions, non-strictness,
polymorphism. Nondeterministic programming
and resource managers. Operational seman-
tics and term rewriting systems. Optimizations
and static analysis. Compiling into dataflow
graphs; partitioning for multi-threaded architec-
tures.
Arvind

6.848J Theory of Parallel and VLSI
Computation

(Same subject as 18.435J)
Prereq.: 6.046J or 6.851J
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 18.435J.
C. E. Leiserson, F. T. Leighton
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6.849J Advanced Parallel and VLSI
Computation

(Same subject as 18.436J)
Prereq.: 6.848J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Alternate years. See description under subject
18.436J.
C. E. Leiserson, F. T. Leighton

6.851J Theory of Algorithms

(Same subject as 18.414J)
Prereq.: 18.06 or 18.700; 18.063 or 18.310
G (2)
3-0-9 (H except XVIII)

See description under subject 18.414J.
R. L. Rivest

6.852J Distributed Algorithms

(Same subject as 18.437J)
Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Design and analysis of concurrent algorithms,
emphasizing those suitable for use in dis-
tributed networks. Process synchronization, al-
location of computational resources,
distributed consensus, distributed graph algo-
rithms, election of a leader in a network, dis-
tributed selection, distributed termination,
deadlock detection, concurrency control, com-
munication, clock synchronization. Special con-
sideration given to issues of efficiency and
fault tolerance. Formal models for distributed
computation. Alternate years.
N. A. Lynch

6.853 Computer Systems

Prereq.: 6.033
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Study and discussion of the literature of com-
puter systems. Subject is designed to help stu-
dents understand the nature of research in
computer systems and to develop a student's
ability to judge ideas critically. Computer ar-
chitecture, networks, operating systems,
programming language/system interface, net-
work protocols, file systems, replication, protec-
tion, transactions, database systems,
computer graphics, user interfaces, and ap-
plication systems. Alternate years.
D. K. Gifford

6.854J Advanced Algorithms

(Same subject as 18.415J)
Prereq.: 6.851J; 18.06 or 18.700
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 18.415J.
R. L. Rivest, M. Goemans

6.858J Machine Learning

(Same subject as 18.428J)
Prereq.: 6.034; 6.041 or 6.045 or equivalents
G (1)
3-0-9 H-LEVEL Grad Credit

Formal models of machine learning; learning
concepts from examples; learnable classes of
concepts; boolean formulae; geometric con-
cepts; representing prior knowledge; computa-
tional limitations; pattern recognition; Bayesian
learning; connectionist models; perceptrons,
back-propagation; distribution-free learning;
validating what's learned; coping with noise;
identifying finite automata and Markov chains,
speech recognition applications; identification
of programs in the limit; extrapolation; learning
from positive data only.
R. L. Rivest

6.863J Natural Language and the Computer
Representation of Knowledge

(Same subject as 9.61 1J)
Prereq.: 6.034
G (2)
3-3-6 H-LEVEL Grad Credit

Relationship between computer representation
of knowledge and the structure of natural lan-
guage. Emphasizes development of the
analytical skills necessary to judge the com-
putational implications of grammatical for-
malisms, and uses concrete examples to
illustrate particular computational issues. Effi-
cient parsing algorithms for context-free gram-
mars; augmented transition network
grammars. Question answering systems. Ex-
tensive laboratory work on building natural lan-
guage processing systems. 8 Engineering
Design Points.
R. C. Berwick

6.865J Legged Locomotion in Robots and
Animals

(Same subject as 9.374J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Intensive introduction to the principles of
legged locomotion, as they apply to walking
robots and animals. Topics: selection and coor-
dination of gait, energetics and speed,
mechanical design, control of balance, algo-
rithms for rough terrain, and gymnastics. Test-
ing of published models and algorithms
through computer simulations.
M. H. Raibert

6.866 Machine Vision

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Intensive introduction to the process of
generating a symbolic description of the en-
vironment from an image. Students expected
to attend the 6.801 lectures as well as oc-
casional seminar meetings on special topics.
Material presented in 6.801 is supplemented
by reading from the literature. Students re-
quired to prepare a paper analyzing research
in a selected area.
B. K. P. Horn

6.867 Robot Manipulation

Prereq.: Permission of instructor
G (2)
3-4-5 H-LEVEL Grad Credit

Intensive introduction to the planning and con-
trol of robot motion. Students expected to at-
tend the 6.802 lectures as well as occasional
seminar meetings on special topics. Material
presented in 6.802 is supplemented by read-
ing from the literature. Students required to
prepare a paper analyzing research in a
selected area.
T. Lozano-Perez

6.868J The Society of Mind

(Same subject as MAS 731J)
Prereq.: Must have read The Society of Mind
G (2)
3-0-9 H-LEVEL Grad Credit

Introduction to a theory that tries to explain
how minds are made from collections of
simpler processes. Treats such aspects of
thinking as vision, language, learning, reason-
ing, memory, consciousness, ideals, emotions,
and personality. Incorporates ideas from
psychology, artificial intelligence, and com-
puter science to resolve theoretical issues
such as wholes vs parts, structural vs function-
al descriptions, declarative vs procedural repre-
sentations, symbolic vs connectionist models,
and logical vs common-sense theories of learn-
ing.
M. L. Minsky

6.871 Knowledge-Based Applications
Systems

Prereq.: 6.034; 6.036 or 6.824
G (2)
3-0-9 H-LEVEL Grad Credit

Development of programs containing a sig-
nificant amount of knowledge about their ap-
plication domain. Outline: 1) brief review of
relevant Al techniques; 2) case studies from a
number of application domains, chosen to il-
lustrate principles of system development; 3)
discussion of technical issues encountered in
building a system, including selection of
knowledge representation, knowledge acquisi-
tion, etc.; and 4) discussion of current and fu-
ture research. Hands-on experience in building
an expert system (term project). 8 Engineering
Design Points.
R. Davis, P. Szolovits, H. E. Shrobe

6.875J Cryptography and Cryptanalysis

(Same subject as 18.425J)
Prereq.: 6.046J or 6.851J or 18.421
G (1)
3-0-9 H-LEVEL Grad Credit

A rigorous introduction to modern cryptog-
raphy. Emphasis on the fundamental cryp-
tographic primitives of public-key encryption,
digital signatures, and pseudo-random number
generation, and their computational complexity
requirements.
S. Micali
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6.876J Advanced Topics in
Cryptography

(Same subject as 18.426J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Recent results in cryptography and fault-
tolerant distributed computing presented and
discussed. Lectures by instructor, invited
speakers, and students. May be repeated for
credit. Alternate years.
S. Goldwasser

6.891-6.899 Special Topics in the Computer
Sciences

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

A seminar-type discussion of special topics in
the computer sciences. Opportunity for
graduate students and instructors to inves-
tigate a topic of common interest. Topic and
staff announced each term. These subjects
given independently or sequentially, as cir-
cumstances require.
F. J. Corbat6

Special Subjects

6.901 Inventions and Patents

Prereq.: 14.02
U (1)
3-0-6

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. H. Rines

6.910 Special Studies in Electrical
Engineering and Computer Science

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Opportunity for individual study at the under-
graduate level related to electrical engineering
and computer science not covered by other
subjects offered by the Department. Student is
responsible for initiation of arrangements and
filing of proposal. Consult Department Under-
graduate Office.
L. A. Gould

6.911-6.914 Special Advanced
Undergraduate Subjects in Electrical
Engineering and Computer Science

Prereq.: -
U (1, IAP, 2)
Units arranged [P/D/F
Can be repeated for credit

Advanced undergraduate subjects not offered
in the regular curriculum. Consult Department
to learn of offerings for a particular term.
Registration by permission of instructor.
L. A. Gould

6.915-6.919 Special Advanced
Undergraduate Subjects in Electrical
Engineering and Computer Science

Prereq.: -
U (1, lAP, 2)
Units arranged
Can be repeated for credit

Advanced undergraduate subjects not offered
in the regular curriculum. Consult Department
to learn of offerings for a particular term.
Registration by permission of instructor.
L. A. Gould

6.921 VI-A Internship

Prereq.: -
U (5)
0-12-0 [P/D/F]
Can be repeated for credit

Provides academic credit for the first two As-
signments of VI-A students at companies af-
filiated with the Department's VI-A Internship
Program. Students register for this subject
twice. The grade of "J" is given following com-
pletion of the first Assignment. Students must
complete the second Assignment in order to
receive the full academic credit of 24 units for
this subject. Enrollment limited to students par-
ticipating in the VI-A Internship Program.
K. J. O'Toole

6.922 Advanced VI-A Internship

Prereq.: 6.921
U (2, 5)
0-12-0 [P/D/F]
Can be repeated for credit

Provides academic credit for the third Assign-
ment of VI-A students at companies affiliated
with the Department's VI-A Internship Pro-
gram. Enrollment limited to students participat-
ing in the VI-A Internship Program.
K. J. O'Toole

6.929 Undergraduate Project Presentation

Prereq.: -
U (1, 2, S)
0-3-0
Can be repeated for credit

Registration for written and oral presentation
of the undergraduate project, when the project
work is carried out as part of a VI-A Assign-
ment. Consult Department Undergraduate Of-
fice.
L. A. Gould

6.930 Management in Engineering

Prereq.: -
U (1)
3-0-9

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult, H. S. Marcus

6.931 Development of Inventions and
Creative Ideas

Prereq.: 14.002
G (2)
3-0-9 H-LEVEL Grad Credit

Role of the engineer as patent expert and as
technical witness in court and patent inter-
ference and related proceedings. Rights and
obligations of engineers in connection with
educational institutions, government, and large
and small businesses. Various manners of
transplanting inventions into business opera-
tions, including development of New England
electronics industry and its different types of in-
stitutions. American systems of incentive to
creativity apart from the patent laws in the
atomic energy and space fields. For graduate
students only; others see 6.901.
R. H. Rines

6.934 The Nuclear Age

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. P. Ruina, G. W. Rathjens

6.936 Entrepreneurship

Prereq.: -
G (2)
4-0-5

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult

6.938 Engineering Risk-Benefit Analysis

Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. W. Drake, A. R. Odoni

6.939 Probabilistic Models in Engineering

Prereq.: 1.03 or 6.041 or 18.05
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
P. C. Larson, A. R. Odoni
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6.951 Graduate VI-A Internship

Prereq.: 6.922
G (1, S)
0-12-0 [P/D/F]
Can be repeated for credit

Provides academic credit for a Graduate As-
signment of graduate students at companies
affiliated with the Department's VI-A Internship
Program. Enrollment limited to graduate stu-
dents participating in the VI-A Internship Pro-
gram.
K. J. O'Toole

6.952 Graduate VI-A Internship

Prereq.: 6.951
G (1, 2, S)
0-12-0 [P/D/F]
Can be repeated for credit

Provides academic credit for graduate stu-
dents who require an additional term at the
company to complete the Graduate Assign-
ment of the Department's VI-A Internship Pro-
gram. This academic credit is for registration
purposes only and cannot be used toward ful-
filling the requirements of any degree program.
Enrollment limited to graduate students par-
ticipating in the VI-A Internship Program.
K. J. O'Toole

6.961 Introduction to Research in Electrical
Engineering and Computer Science

Prereq.: -
G (1, 2, S)
Units arranged
Can be repeated for credit

Opportunity to become involved in graduate re-
search, under guidance of a staff member, on
a problem of mutual interest to student and su-
pervisor. Recommended for all entering full-
time graduate students in the Department of
Electrical Engineering and Computer Science.
Individual programs subject to approval of
professor in charge. Enrollment restricted to
regular graduate students in Electrical En-
gineering and Computer Science. Normal
registration is for 12 units.
F. R. Morgenthaler

6.962-6.969 Special Studies in Electrical
Engineering and Computer Science

Prereq.: -
G (1, 2, S)
Units arranged
Can be repeated for credit

Opportunity for study of graduate-level topics
related to electrical engineering and computer
science but not included elsewhere in the cur-
riculum. Registration under this subject normal-
ly used for situations involving individual study
(under supervision of a faculty member) of
topics of mutual interest to student and super-
visor, but may, when appropriate, be used for
small study groups. Normal registration is for
12 units. Registration subject to approval of
professor in charge.
F. R. Morgenthaler

6.971-6.979 Special Subjects in Electrical
Engineering and Computer Science

Prereq.: -
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study of advanced sub-
jects related to electrical engineering and com-
puter science not otherwise included in
curriculum. Offerings are initiated by members
of EECS faculty on an ad hoc basis, subject to
Departmental approval.
F. R. Morgenthaler

6.980 Teaching Electrical Engineering
and Computer Science

Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

For qualified students interested in gaining
teaching experience. Classroom, tutorial, or
laboratory teaching under the supervision of a
faculty member. Enrollment limited by
availability of suitable teaching assignments.
Students selected by interview.
F. C. Hennie

6.981-6.989 Teaching Electrical
Engineering and Computer Science

Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

For Teaching Assistants in Electrical Engineer-
ing and Computer Science, in cases where
teaching assignment is approved for academic
credit by the Department.
F. C. Hennie

6.991-6.999 Research in Electrical
Engineering and Computer Science

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

For Research Assistants in Electrical Engineer-
ing and Computer Science, in cases where the
assigned research is approved for academic
credit by the Department. Hours arranged with
research supervisor.
F. R. Morgenthaler

6 UR Undergraduate Research in Electrical
Engineering and Computer Science

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Extended participation in the work of a faculty
member or research group, including inde-
pendent study of the literature, direct involve-
ment in the group's research, and project work
under an individual faculty member. Research
is arranged by mutual agreement between the
student and a member of the faculty of the
Department of Electrical Engineering and Com-
puter Science, and may continue over several
terms. Forms and instructions for the initial let-
ter of intent and final summary report are avail-
able in the Department Undergraduate Office.
Grading P/D/F only.
R. D. Thornton

6 ThU Undergraduate Thesis

Prereq.: -
U (1, 2,S)
Units arranged
Can be repeated for credit

Program of undergraduate research leading to
the writing of an S.B. thesis; to be arranged by
the student and an appropriate MIT faculty
member. Students who register for thesis must
consult Department Undergraduate Office.
L. A. Gould

6 ThG Graduate Thesis

Prereq.: -
G (1, 2,S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research leading to the
writing of an M.Eng., S.M., E.E., E.C.S., Ph.D.,
or Sc.D. thesis; to be arranged by the student
and an appropriate MIT faculty member.
F. R. Morgenthaler
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Biology

For degree requirements, see listing in
Chapter VII under the School of Science.

7 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

7 URG Undergraduate Research

(7.39)
Prereq. --

U (1, 2)
Units arranged
Can be repeated for credit

Undergraduate research opportunities in the
Department of Biology. For further information,
consult the Departmental Coordinator: Gene
Brown. A written report is required. Permission
of Department required. Consult Department
Headquarters.

7.012, 7.013, 7.014 Introductory Biology
(Revised Content and Units)

Prereq.: -
U (1, 2)
5-0-7 BIOLOGY

All three subjects cover the same core
material, which includes the fundamental prin-
ciples of biochemistry, genetics, molecular biol-
ogy, and cell biology. In addition, each version
of the subject has its own distinctive material,
described below. The core material focuses on
function at a molecular level: the structure and
regulation of genes, and the structure and syn-
thesis of proteins; how these molecules are in-
tegrated into cells; and how cells are
integrated into cells; and how cells are in-
tegrated into multicellular systems and or-
ganisms.
Coordinators: U. Ra]Bhandary, P. Matsudaira
Instructor: B. White
Term 1: 7.012. Exploration into areas of cur-
rent research in cell biology, immunology,
neurobiology, developmental biology, and
evolution. Term 2: 7.013. Application of the fun-
damental principles toward an understanding
of cells, human genetics and diseases, infec-
tious agents, cancer, the immune system, and
evolution. Term 2: 7.014. Application of the fun-
damental principles toward an understanding
of microorganisms as geochemical agents
responsible for the evolution and renewal of
the biosphere and of their role in human health
and disease.
Term 1: 7.012: N. Hopkins, E. Lander
Term 2: 7.013: D. Page, R. Weinberg
Term 2: 7.014: S. Chisholm, B. Magasanik

7.02 Introduction to Experimental Biology

Prereq.: 7.012 or 7.013 or 7.014, 7.03, 7.05
U (1, 2)
2-8-5 Institute LAB

Application of experimental techniques in
biochemistry, microbiology, and cell biology.
Emphasizes integrating factual knowledge with
understanding the design of experiments and
data analysis to prepare the students for re-
search projects. Concurrent registration with
7.03 or 7.05 is recommended. Restricted to up-
perclassmen. 12 units may be applied to the
General Institute Laboratory Requirement.
Term 1: H. Sive, T. Baker
Term 2: K. Lewis, A. Demain

7.03 Genetics

Prereq.: -
U (1)
4-0-8 REST

The principles of genetics with application to
the study of biological function at the level of
molecules, cells, and multicellular organisms.
Structure and function of genes and
chromosomes. Biological variation resulting
from recombination, mutation, and selection.
Use of genetic methods to analyze protein
function, gene regulation, development, and in-
herited disease.
R. Lehmann, C. Kaiser

7.05 General Biochemistry

Prereq.: 5.12; 7.012 or 7.013 or 7.014 or per-
mission of instructor
U (2)
5-0-7 REST

Contributions of biochemistry toward an under-
standing of the structure and functioning of or-
ganisms, tissues, and cells. Chemistry and
functions of constituents of cells and tissues
and the chemical and physical-chemical basis
for the structures of nucleic acids, proteins,
and carbohydrates. General metabolism of car-
bohydrates, fats, and nitrogen-containing
materials such as amino acids, proteins, and
related compounds.
G. M. Brown, P. Kim

7.06 Cell Biology

Prereq.: 7.05
U (1)
3-0-9
Biology of cells of higher organisms: structure,
function, and biosynthesis of cellular
membranes and organelles; cell growth and
oncogenic transformation; transport, receptors
and cell signaling; the cytoskeleton, the ex-
tracellular matrix, and cell movements;
chromatin structure and RNA synthesis.
R. A. Young, T. Jacks

7.08 Molecular Biology

Prereq.: 7.03; 7.012 or 7.013 or 7.014 or 7.02
or 7.05
U (2)
4-0-8
Nucleic acid molecular biology; recombinant
DNA technology; mechanisms of DNA replica-
tion; RNA and protein biosynthesis; regulation
of gene expression.
U. RajBhandary, A. Grossman

7.11 Biology Teaching

Prereq.: -
U (1, 2)
Units arranged [P/D/F]

For qualified undergraduate students inter-
ested in gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview. Consult Depart-
ment Headquarters.

7.13 Experimental Microbial Genetics
(Revised Content)

Prereq.: 7.02, 7.03, 7.05
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
2-16-6

Laboratory project in microbiology and
genetics to address fundamental questions of
gene organization, regulation, and expression
using Corynebacterium glutamicum. Use of ad-
vanced genetic and rDNA technology ap-
proaches. Enrollment limited.
A. J. Sinskey, Staff

Course 7
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7.15 Experimental Molecular Biology:
Biotechnology I

Prereq.: 7.02, 7.03, 7.05
U (1)
2-16-6

Molecular genetic technology applied to a con-
temporary biomedical research problem in the
laboratory. Emphasis on recombinant DNA
techniques and interpretation and communica-
tion of experimental results. Recombinant
DNA methods include PCR, gene cloning, and
DNA sequencing.
P. W. Robbins, Staff

7.16 Experimental Molecular Biology:
Biotechnology I1
Prereq.: 7.02, 7.03, 7.05
U (2)
2-16-6

Laboratory methodology and theoretical basis
for cloning and manipulation of genes in
eukaryotic organisms. Mammalian cell culture,
biological assays with mammalian cells, isola-
tion of hybridomas that secrete monoclonal an-
tibodies, and cloning and expression of genes
in eukaryotic organisms.
R. C. Mulligan, D. Housman

7.19 Experimental Cellular Structure

Prereq.: 7.06 or 7.08
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
2-6-4

Electron microscopic and related techniques
for investigating the structure of cells and tis-
sues with a focus on developmental and
neurobiological problems. Operation of the
transmission and scanning electron micro-
scopes and confocal light microscopes. Fixa-
tion, embedding, sectioning, and
immunostaining of cells, embryos, and mature
organs such as eye and muscle.
J. King, P. Reilly, Staff

7.20 Human Physiology

Prereq.: 7.05
U (1)
4-0-8

Comprehensive course in human physiology,
emphasizing the molecular basis and applied
aspects of organ function and regulation in
health and disease. Material covered includes
a review of cell structure and function, as well
as the mechanisms by which the endocrine
and nervous systems integrate cellular metabo-
lism. Special emphasis on examining the car-
diovascular, pulmonary, gastrointestinal, and
renal systems.
R. D. Rosenberg, M. Krieger

7.21 Microbial Physiology

Prereq.: 7.05
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
4-0-8

Biochemical properties of bacteria and other
microorganisms that enable them to grow
under a variety of conditions. Interaction be-
tween bacteria and bacteriophages. Genetic
and metabolic regulation of enzyme action and
enzyme formation.
G. C. Walker, B. Magasanik

7.22 Cell and Developmental Biology

Prereq.: 7.08
U (2)
4-0-8

Basic properties of cells and their relationship
to development: biochemical and structural dif-
ferentiation of cells. Principles of embryology
and development: determination, pattern for-
mation, and cell-cell interaction. Analysis of
development by techniques of cell biology,
genetics, molecular biology, and biochemistry.
R. Jaenisch, T. Orr-Weaver

7.23 General Immunology

Prereq.: 7.05
U (1)
4-0-8

A comprehensive survey of immunology. In-
cludes antigen-antibody reactions, im-
munoglobulin structure, organization and
expression of immunoglobulin genes, cells and
tissues of the immune system, major histocom-
patibility complex (MHC), genes encoding
MHC proteins and T-cell antigen-specific
receptors, antibody formation, cell-mediated
immunity, complement, hypersensitivity, im-
munodeficiencies, graft rejection.
L. Steiner, H. Ploegh

7.29J Cellular Neurobiology

(Same subject as 9.09J)
Prereq.: 7.05
U (2)
4-0-8

An introduction to the structure and function of
the nervous system. Emphasis placed on the
cellular properties of neurons and other ex-
citable cells. Includes the structure and
biophysical properties of excitable cells, synap-
tic transmission, neurochemistry,
neurodevelopment, and integration of informa-
tion in simple systems and the visual system.
W. G. Quinn, H. Steller

7.37J Molecular and Engineering Aspects
of Biotechnology

(Same subject as 10.56J)
Prereq.: 7.03 or 7.05, 5.60
U (2)
4-0-8

Biological and bioengineering principles for
utilization of animal cells and bacteria for
production of recombinant protein products:
post-translational processing and secretion of
proteins; gene cloning and expression in mam-
malian cells; physiology of cell growth and in
vitro cultivation; bioreactor design; protein
recovery and purification; site-specific mutation
of proteins; transgenic animals and plants.
A. J. Sinskey, D. /. C. Wang, H. Lodish

7.391 Special Problems for Undergraduates

Prereq.: -
U(1,2)
Units arranged

Used for students receiving Advanced Place-
ment credit and transfer credit. Program of
study or research to be arranged with a Depart-
ment faculty member. Written report required.
Permission of Department required. Consult
Department Headquarters.



7.411-7.419 Seminars in Biological
Oceanography

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Selected topics in biological oceanography.
Information: A. L. Peirson (Woods Hole Staff).

7.421 Special Problems in Biological
Oceanography

Prereq.: -
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Advanced problems in biological oceanog-
raphy with assigned reading and consultation.
Information: A. L. Peirson (Woods Hole Staff).

7.47 Biological Oceanography

Prereq.: Advanced level training in biology
G (2)
9-12-15 H-LEVEL Grad Credit

Intensive overview of biological oceanography.
After introductions to physical oceanography
and diversity of life in the oceans, fundamental
topics in population dynamics, behavioral and
community ecology, population genetics,
physiology and biochemistry of marine or-
ganisms form the first part. Subsequent ses-
sions include microbiology, phytoplankton,
zooplankton, biogeochemistry, sediment
dynamics, benthos, and evolution. Laboratory,
fieldwork, and discussion in addition to lec-
tures. Undergraduates admitted by permission
of instructor only.
(Woods Hole Staff): J. McDowell

7.491 Research in Biological
Oceanography

Prereq.: -
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Directed research in biological oceanography
not leading to graduate thesis and generally
done before the qualifying examination. Pos-
sible areas include population dynamics,
physiology, and cytology of marine microor-
ganisms; physiology, nutrition, and productivity
of phytoplankton; influence of organisms on
the composition of seawater; systematics,
physiology, and ecology of pelagic larvae,
zooplankton, benthos, and mesopelagic
fishes; physiology and migration of large
fishes; diving physiology; and use of sound by
marine mammals.
(Woods Hole Staff)

7.50 Method and Logic in Molecular
Biology

Prereq.: Permission of instructor
G (1)
4-0-8 [P/D/F] H-LEVEL Grad Credit

Logic and experimental design: an in-depth dis-
cussion and assessment of biochemical, physi-
cal, and genetic methods employed in testing
hypotheses. Limited to Course VII graduate
students.
E. Signer, R. Hynes, H. P. Horvitz, A. Lander

7.51 Biochemistry for Graduate
Students
(Revised Units)

Prereq.: Permission of instructor
G (1)
5-0-7 H-LEVEL Grad Credit

Fundamental principles of biochemical
analysis of the mode of action and structure of
regulatory, binding, and catalytic proteins.
R. T. Sauer, F. Solomon

7.52 Genetics for Graduate Students

Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

Principles of genetics, including Mendelian sys-
tems and prokaryotic genetics. Application of
principles to biological function, including
regulation and development. Mechanisms of
recombination, mutation, and evolution. Dis-
cussion of original scientific papers and review
of problem sets and exams supplement lec-
tures.
L. Guarente, T. Orr-Weaver

7.546J Principles and Methodologies of
Metabolic Engineering
(New)

(Same subject as 10.546J)
Prereq.: -
G (2)
2-0-7
Application of chemical reaction engineering
principles and genetic engineering techniques
to the analysis and modification of metabolic
pathways of microorganisms and mammalian
cells. The goal is to optimize flux distributions
of carbon and energy at critical junctions of the
metabolic network in order to enhance product
synthesis. Topics include: determination of flux
distributions in primary metabolism by
stoichiometric and labelling techniques;
kinetics and thermodynamics of metabolic net-
works; metabolic control theory; genetic en-
gineering techniques for the overexpression,
deregulation, or inhibition of targeted en-
zymes; biochemistry and enzymology of meta-
bolic networks.
Gr. Stephanopoulos, A. J. Sinskey
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7.57J Genetics and Molecular
Medicine

(Same subject as HST 181J)
Prereq.: 7.012 or 7.013 or 7.014, 7.05
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (IAP)
4-0-8
See description under subject HST 181J.
D. E. Housman, D. Page, L. Holmes

7.60 Cell Biology I
Prereq.: 7.06 or 7.08
G (2)
4-0-8 H-LEVEL Grad Credit

Structure and organization of genes and
genomes, nucleic acid biosynthesis, structure
and assembly of nuclei and chromosomes,
regulation of cell cycle, DNA replication, RNA
transcription, processing and translation, dif-
ferentiation of specialized cell types. Text and
literature readings.
P. Sharp, M. L. Pardue, S. Tonegawa

7.61 Cell Biology II
Prereq.: 7.06 or 7.08
G (1)
4-0-8 H-LEVEL Grad Credit

Structure and function of membranes.
Transport, channels, and pumps. Synthesis
and processing of membrane and secreted
proteins. Receptors, endocytosis, and recy-
cling of membrane proteins. Cytoskeletal and
extracellular matrix proteins; structure, func-
tion, and assembly. Intracellular organization
and motility. Cell adhesion, morphology, and
migration. Hormones, receptors, and second
messengers in cellular recognition. Organiza-
tion of specialized cell types. Text and litera-
ture readings.
R. 0. Hynes, F. Solomon, P. Matsudaira,
H. Lodish

7.63 Immunology

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Principles of immunology, including im-
munochemistry and molecular and cellular im-
munology. An in-depth critical analysis of
current literature in the field. Particular atten-
tion paid to the function of the immune system
as a whole as studied by modern methods and
techniques. Discussions of original papers sup-
plement lectures.
S. Tonegawa, H. Plough, Staff
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7.64 Advanced Cell Structure and Function

Prereq.: 7.06 or 7.08
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6
Understanding cell function and organization
into tissue requires the emerging technologies
for ultrastructural analysis. We consider mor-
phological and biochemical techniques for
studying cell architecture in major tissues,
mechanisms of image formation that influence
data interpretation, the biochemistry of cellular
substructures and methods of chemical cell dis-
section. The cells in major body organs will
conclude the material.
S. Penman

7.65J Principles of Neuroscience

(Same subject as 9.011J)
Prereq.: Permission of instructor
G (1)
6-0-9 H-LEVEL Grad Credit

See description under subject 9.01 1J.
M. Sur, A. Lander, E. Bizzi, R. Andersen,
S. Corkin, A. Graybiel, W. Quinn,
P. Schiller, R. J. Wurtman

7.67J Genetic Neurobiology

(Same subject as 9.322J)
Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

See description under subject 9.322J.
W. G. Quinn, H. Steller

7.69 Animal Virology

Prereq.: 7.06 or 7.08
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9
General survey of animal virology, including
studies of their genome organization, virion
structure, genetics; virus interaction with the in-
fected cell and the immune system. The virus
is viewed as a model system of the macro-
molecular metabolism of the cell. The
pathogenesis of medically important virus dis-
eases is discussed.
R. Weinberg, N. H. Hopkins, P. Sharp

7.70 Regulation of Gene Expression

Prereq.: 7.03, 7.05, 7.08
G (2)
3-0-9 H-LEVEL Grad Credit

Studies molecular mechanisms responsible for
the regulation of gene expression in bacteria,
bacterial viruses, and eukaryotic microor-
ganisms.
L. Guarente, A. Grossman

7.71 Biophysical Chemistry

(Subject meets with 5.64)
Prereq.: 5.60, 7.05 or 5.07
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Principles of biophysical chemistry introduced
while discussing the structure, folding, stability,
and interactions of proteins and nucleic acids.
Topics include: an overview of protein and
nucleic acid structure; introductions to X-ray
crystallography, spectroscopy, and 2D NMR;
thermodynamic and kinetic aspects of protein
folding; and principles of protein-nucleic acid in-
teractions. Molecular mechanics introduced as
a unifying tool that relates structure, molecular
forces, and thermodynamic quantities. Meets
with undergraduate subject 5.64. Students
who take 5.64 cannot also receive credit for
7.71.
C. 0. Pabo, J. R. Williamson

7.72 Development

Prereq.: 7.51 or 7.52
G (2)
3-0-9 [P/D/F]

Graduate discussion seminar examining in-
depth fundamental aspects of development
and differentiation. In addition, particular atten-
tion paid to the critical appraisal of current pub-
lished research in important areas of the field.
R. Lehmann, M. L. Pardue

7.73 Human and Mouse Genetics

Prereq.: 7.52
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 [P/D/F] H-LEVEL Grad Credit

Seminar covering advanced applications of the
tools of genetics to biological problems in mam-
mals, focusing on experimental approaches in
the mouse and principles of population
genetics and pedigree analysis in the human.
Topics include: construction of genetic maps;
genetic mapping of simply-inherited traits and
gene cloning by position; somatic mutation
and cancer; genetic imprinting; quantitative
genetics.
D. C. Page, E. S. Lander

7.75J Topics in Metabolic Biochemistry

(Same subject as 5.77J)
Prereq.: 7.05 or 5.07
G (1)
4-0-8 H-LEVEL Grad Credit

Special topics include major metabolic path-
ways for the biosynthesis of certain cellular
constituents and oxidative metabolism. Em-
phasis is on enzymology and methods used to
understand metabolism and enzymatic proces-
ses.
G. M. Brown, J. Stubbe

7.76 Topics in Protein Biochemistry

Prereq.: Permission of instructor
G (1)
3-0-9
In-depth analysis and discussion of classic and
current literature with emphasis on the relation-
ship between protein structure and function.
Topics include cooperativity, allostery,
specificity, and catalysis; signal transduction,
receptors, virus assembly, evolution of
proteins, and protein-nucleic acid interactions.
P. Kim, R. Sauer

7.77 Nucleic Acids and Their Interactions
with Proteins

Prereq.: 7.05 or 7.51
G (2)
3-0-9 H-LEVEL Grad Credit

Chemistry, structure, and function of DNA and
RNA. Biochemical, physical, and genetic ap-
proaches to studies of nucleic acids. DNA con-
formation including A-, B-, and Z-forms.
Superhelical and bent DNA. Protein-nucleic
acid systems, including repressors and ac-
tivators, nucleosomes, restriction enzymes,
aminoacyl tRNA synthetases, ribosomes, and
RNA polymerases. Catalysis by RNA.
Mechanisms of transcription in prokaryotes
and eukaryotes.
P. Schimmel, A. Rich

7.81 Frontiers in Modern Plant Biology

Prereq.: 7.03, 7.05
G (1)
2-0-7 [P/D/F] H-LEVEL Grad Credit

Intensive analysis of key original literature,
both classical and current, with emphasis on
experimental approaches and analysis of
primary data. Topics include regulation of cell,
tissue, and organ growth; control of gene ex-
pression; fertility, embryogenesis, and seed
development; transformation and transgenic
plants; transposable elements and genetic
structure; function and genetics of organelles;
pathogenesis and disease resistance. Student
reports and class presentations.
E. R. Signer, G. R. Fink

7.82 Selected Topics of Mammalian
Development and Genetics

Prereq.: -
G (1)
2-0-4 [P/D/F]

Seminar covering biological, genetic, and
molecular approaches to mouse development.
Topics include preimplantation development;
postimplantation development; cell lineage
studies; embryonic stem cells; transgenic
mice; insertional mutagenesis; tissue interac-
tions and induction; X-inactivation; sex deter-
mination; T-locus; genetic basis of coat color;
hematopoiesis.
R. Jaenisch
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7.84 Topics in Bacteriology

Prereq.: 7.21, permission of instructor
G (1)
2-0-6 [P/D/F] H-LEVEL Grad Credit

Recent developments in bacteriology:
regulatory mechanisms and membrane
phenomena. Consult Department Head-
quarters.

7.85 Selected Topics in Cell Biology
(New)

Prereq.: Permission of instructor
G (2)
3-0-9
Analysis and discussion of current and classic
literature, emphasizing the applications of
genetic, biochemical, and morphological techni-
ques to problems in cell biology. Topics in-
clude membrane traffic, cell cycle, motility,
signal transduction, and cell-cell interactions.
C. Kaiser, F. Solomon

7.87 X-Ray Crystallography of Proteins and
Nucleic Acids
Prereq.: 7.71 or permission of instructor
G (2)
2-0-7 H-LEVEL Grad Credit

Overview of the major theoretical and practical
problems involved in x-ray crystallographic
studies of macromolecules. Topics include dis-
cussion of basic diffraction theory, crystal-
lization and space group determination, data
collection, heavy atom derivative methods,
anomalous scattering, molecular replacement,
model-building and refinement.
C. 0. Pabo

7.88J The Protein Folding Problem
(Same subject as 5.48J)
Prereq.: 5.07 or 7.05 or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Seminar analyzing the mechanisms by which
the amino acid sequence of polypeptide
chains determines their three-dimensional con-
formation. Topics include: sequence deter-
minants of secondary structure; folding of
newly synthesized polypeptide chains within
cells; unfolding and refolding of proteins in
vitro; folding intermediates aggregation and
competing off-pathway reactions; role of
chaperonins, isomerases, and other helper
proteins; protein recovery problems in the
biotechnology industry; diseases associated
with protein folding defects.
J. A. King

7.89J Seminar on Pharmaceutical and
Biotechnology Industry Management

(Same subject as 15.138J, 10.940J)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

See description under subject 15.138J.
T. J. Allen, C. L. Cooney, S. N. Finkelstein,
A. Sinskey

7.93 Selected Topics in Biology

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Classwork in various fields of biology not
covered by the regular subjects of instruction.
Consult Department Headquarters.

7.941 Research Problems

Prereq.: -
G (1, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

7.942 Research Problems

Prereq.: -
G (2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Directed research in a field of biological
science, but not contributory to graduate
thesis. Consult Department Headquarters.
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Course 8 Physics

For degree requirements, see listing in
Chapter VII under the School of Science.

General Undergraduate
Subjects

8 S25 Atoms, Quarks, and Cosmology

Prereq.: 8.02
U (1, 2)
2-0-4 [P/D/F]

Fundamentals of physics, with a global view.
Behavior of gases and solids, photoelectric ef-
fect, X-ray and electron diffraction, and atomic
spectroscopy. Fundamentals of quantum
mechanics, wave-particle dualism, uncertainty
principle, and particle spin. The structure of
atoms, nuclei, and fundamental particles will
be linked to the structure of the visible
universe, using elementary classical and quan-
tum ideas. Primary emphasis on general con-
cepts, assuming only freshman-level
mechanics and electromagnetism.
B. F. Burke

8 S63 Computer-Aided Physics Laboratory

Prereq.: -
U (1)
0-4-2 [P/D/FI

Computers are essential in physics experi-
ments and in theoretical calculations that do
not yield to analytical methods. Students in this
seminar learn to use IBM PCs in both of these
areas. Languages available are BASIC,
FORTRAN, and Pascal, all with high-resolution
computer graphics. A number of experiments
in mechanics, electricity, magnetism, and other
areas of physics use the computers for taking,
plotting, and fitting theoretical functions to the
data. Students are also taught numerical
methods to solve nonideal physics problems.
Also available on a limited basis as a Fresh-
man Advisor Seminar.
M. Porkolab

8 UR Undergraduate Research

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Undergraduate research opportunities in
physics. For further information, contact the
Departmental UROP Coordinator.
A. M. Bernstein

8.01 Physics I

Prereq.: -
U (1, 2)
5-0-7 PHYSICS I
Credit cannot also be received for 8.012 or
8.01 X
Introduces classical mechanics. Space and
time: straight-line kinematics; motion in a
plane; forces and equilibrium; experimental
basis of Newton's laws; particle dynamics;
universal gravitation; collisions and conserva-
tion laws; work and potential energy; vibration-
al motion; conservative forces; inertial forces
and non-inertial frames; central force motions;
rigid bodies and rotational dynamics.
Term 1: W. H. G. Lewin, B. Wyslouch
Term 2: P. C. Joss

8.012 Physics I

Prereq.: -
U (1)
5-0-7 PHYSICS I
Credit cannot also be received for 8.01 or
8.01X
Elementary mechanics, presented at greater
depth than in 8.01. Newton's laws, concepts of
momentum, energy, angular momentum, rigid
body motion, non-inertial systems. Uses
elementary calculus freely. Concurrent registra-
tion in a math subject more advanced than
18.01 is recommended. In addition to the
theoretical subject matter, several experiments
in classical mechanics are performed by the
students in the laboratory.
S. Mochre

8.01X Physics I

Prereq.: -
U (1)
5-0-7 PHYSICS I
Credit cannot also be received for 8.01 or
8.012
An introduction to basic topics in physics, sup-
ported by take-home experiments. The se-
quence of topics includes space and time;
force, work, and mechanical energy; heat and
mechanical/thermal energy conversions;
electrical and chemical energy; atomicity and
kinetic theory of gases; introduction to wave
motion; Newtonian mechanics and gravitation;
simple harmonic motion in mechanical sys-
tems. Kits of equipment provided for the perfor-
mance of a relevant take-home experiment as
part of the homework each week. Many of the
experiments involve simple electrical and
electronic instrumentation.
R. G. Milner

8.01L Physics I

Prereq.: -
U (1)
3-0-9 PHYSICS I
Introduction to classical mechanics (see
description under 8.01). Material is covered
over a Longer interval, so that the subject is
completed by the end of the Independent Ac-
tivities Period. During the first month of clas-
ses, substantial emphasis is given to reviewing
and strengthening pre-calculus mathematics,
basic physics concepts, and problem-solving
skills. Delay in the use of calculus permits stu-
dents more exposure to 18.01 before the
material is used in the physics. Overall con-
tent, depth, and difficulty is otherwise identical
to that of 8.01. Enrollment is limited to 100
freshmen. Students register for 8.01 L in the
fall and for 8.01 during IAP; they receive credit
for 8.01 on their transcripts.
A. J. Lazarus, G. S. F. Stephans

8.02 Physics 11

Prereq.: 8.01 or 8.01X or 8.01L or 8.012; 18.01
U(1,2)

5-0-7 PHYSICS II
Credit cannot also be received for 8.022 or
8.02X

Introduction to electromagnetism and electro-
statics: electric charge, Coulomb's law, electric
structure of matter; conductors and dielectrics.
Concepts of electrostatic field and potential,
electrostatic energy. Electric currents, mag-
netic fields and Ampere's law. Magnetic
materials. Time-varying fields and Faraday's
law of induction. Basic electric circuits.
Electromagnetic waves and Maxwell's equa-
tions.
Term 1: J. S. Wurtele
Term 2: J. W. Belcher



8.022 Physics II
Prereq.: 8.012, 18.02
U(1,2)
5-0-7 PHYSICS 11
Credit cannot also be received for 8.02 or
8.02X
Parallel to 8.02, but more advanced mathe-
matically. Some knowledge of vector calculus
assumed. Maxwell's equations, in both dif-
ferential and integral form. Electrostatic and
magnetic vector potential. Properties of
dielectrics and magnetic materials. In addition
to the theoretical subject matter, several experi-
ments in electricity and magnetism are per-
formed by the students in the laboratory.
Term 1: P. Sphicas
Term 2: T. Tanaka

8.02X Physics I1
Prereq.: 8.01, 8.01X, or 8.012
U (2)
5-0-7 PHYSICS 11
Credit cannot also be received for 8.02 or
8.022
Designed as a sequel to 8.01X, which is the
recommended but not required prerequisite.
Main emphasis on electricity and magnetism.
Topics include currents and DC circuits;
capacitance, resistance, and nonsteady cur-
rents; Coulomb's Law and electrostatic fields;
Gauss's Law; electric potential; magnetic fields
of currents; electromagnetic induction; mag-
netism and matter; AC circuits and resonance;
Maxwell's equations; electromagnetic fields in
space; electromagnetism and relativity;
electromagnetic radiation as waves and
photons. Kits of equipment provided for the
performance of a relevant take-home experi-
ment as part of the homework each week.
C. Ogilvie

8.03 Physics Ill

Prereq.: 8.02 or 8.021 or 8.022; 18.02
U (1, 2)
5-0-7 REST

Mechanical vibrations and waves; simple har-
monic motion, superposition, forced vibrations
and resonance, coupled oscillations and nor-
mal modes; vibrations of continuous systems;
reflection and refraction; phase and group
velocity. Optics; wave solutions to Maxwell's
equations; polarization; Snell's Law, inter-
ference, Huygens's principle, Fraunhofer dif-
fraction, gratings.
Term 1: J. N. Hewitt
Term 2: Information: H. Bradt.

8.04 Quantum Physics I

Prereq.: 8.03 or 6.014; 18.03
U (1,2)
5-0-7 REST

Experimental basis of quantum physics:
photoelectric effect, Compton scattering,
photons, Franck-Hertz experiment, the Bohr
atom, electron diffraction, deBroglie waves,
wave-particle duality of matter and light. Intro-
duction to wave mechanics: Schroedinger's
equation, wave functions, wave packets, prob-
ability amplitudes, stationary states, the
Heisenberg uncertainty principle and zero-
point energies. Solutions to Schroedinger's
equation in one dimension: transmission and
reflection at a barrier, barrier penetration,
potential wells, the simple harmonic oscillator.
Schroedinger's equation in three dimensions,
central potentials, introduction to hydrogenic
systems.
Term 1: X.-G. Wen
Term 2: R. Brooks

8.044 Statistical Physics I

Prereq.: 8.03, 18.03
U (2)
5-0-7
Introduction to probability, statistical
mechanics, and thermodynamics. Random
variables, joint and conditional probability den-
sities, functions of a random variable. Con-
cepts of macroscopic variables and
thermodynamic equilibrium, fundamental as-
sumption of statistical mechanics, microcanoni-
cal and canonical ensembles. First, second,
and third laws of thermodynamics. Numerous
examples illustrating a wide variety of physical
phenomena such as magnetism, polyatomic
gases, thermal radiation, electrons in solids,
and noise in electronic devices. Concurrent en-
rollment in 8.04 is recommended.
G. B. Benedek

8.05 Quantum Physics 11

Prereq.: 8.04 or 8.211
U (1, 2)
5-0-7
Reviews the postulates of wave mechanics.
Wave mechanics in two and three dimensions:
the hydrogen atom. General formalism of quan-
tum mechanics: state space, Dirac notation,
representations, and matrix mechanics. An-
gular momentum, magnetic moments. Identi-
cal particles and the exclusion principle:
many-electron atoms, the periodic table,
simple molecules, Fermi and Bose gases. Per-
turbation theory: time-independent theory,
variational principle, adiabatic and sudden ap-
proximations, time-dependent theory. Discus-
ses real physical examples at each stage.
Term 1: L. J. Randall
Term 2: Information: H. Bradt.
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8.06 Mechanics 11

Prereq.: 8.03
U (2)
4-0-8

Basic concepts of mechanics: inertial frames
of reference; space, time, mass, force. Types
of forces. Equations of motion; non-inertial
frames of reference. Conservation laws for
closed systems. Planetary motion. Harmonic
oscillator. Macroscopic objects: constraints;
Hamilton's principle and Lagrange's equations.
Rigid body dynamics. Coupled oscillators,
Green's functions. Normal modes; continuum
limit; elastic strings, solids. Canonical vari-
ables, Hamilton's equations.
S. D. Mathur

8.07 Electromagnetism 11
Prereq.: 8.03, 18.03
U (1)
4-0-8
Survey of basic electromagnetic phenomena:
electrostatics, magnetostatics; electromagnetic
properties of matter. Time-dependent
electromagnetic fields and Maxwell's equa-
tions. Electromagnetic waves, emission, ab-
sorption, and scattering of radiation.
Relativistic electrodynamics and mechanics.
D. Kleppner, L. Levitov

8.08 Statistical Physics II
Prereq.: 8.05
U (2)
4-0-8
Probability distributions for classical and quan-
tum systems. Microcanonical, canonical, and
grand canonical partition-functions and as-
sociated thermodynamic potentials. Conditions
of thermodynamic equilibrium for homogenous
and heterogenous systems. Applications: non-
interacting Bose and Fermi gases; mean field
theories for real gases, binary mixtures, mag-
netic systems, polymer solutions; phase and
reaction equilibria, critical phenomena. Fluctua-
tions, correlation functions and susceptibilities,
Kubo formulae. Evolution of distribution func-
tions: Boltzmann and Smoluchowski equations.
K. Huang
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Undergraduate Laboratory
and Special Project Subjects

8.11 Physics Project Laboratory I

Prereq.: -
U (1)
1-6-5 Institute LAB

8.12 Physics Project Laboratory 11
Prereq.: -
U (2)
1-6-5 Institute LAB

Students carry out experimental projects of
their own choice and design to study physical
phenomena. Faculty help define projects and
teach techniques and methods for setting up
experimental apparatus, making measure-
ments, verifying observations, and analyzing
data. Prior experience in a laboratory environ-
ment not required. Projects in the past have in-
cluded topics in optics, acoustics,
interferometry, spectroscopy, microwave op-
tics, particle counting, hydrodynamics, nuclear
magnetic resonance, Hall effect, and quantum
phenomena. Not usable as a restricted elec-
tive for physics majors.
R. K. Yamamoto

8.13 Experimental Physics I

Prereq.: 8.04
U (1)
0-6-12 Institute LAB

8.14 Experimental Physics I1
Prereq.: 8.04, 8.05
U (2)
0-6-12 Institute LAB

About five fundamental laboratory experiments
carried out each term, covering most aspects
of modern physics relating to names such as
Rutherford, Franck-Hertz, Hall, Ramsauer,
Doppler, Fraunhofer, Faraday, Mossbauer,
Compton, Stern-Gerlach. Stresses basic ex-
perimental techniques and data analyses, and
written and oral presentation of experiment
results. Second term requires knowledge of
quantum mechanics at the 8.05 level. 12 units
may be applied to the General Institute
Laboratory Requirement.
G. W. Clark

8.18 Special Problems in Undergraduate
Physics

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Opportunity for undergraduates to engage in
experimental or theoretical research under the
supervision of a staff member. Specific ap-
proval required in each case.
H. Bradt

8.19 Readings in Physics

Prereq.:
U (1, 2)
Units arranged [P/D/F)
Can be repeated for credit

Supervised reading and library work. Choice of
material and allotment of time according to in-
dividual needs. For students who want to do
work not provided for in the regular subjects.
Specific approval required in each case.
H. Bradt

Undergraduate Elective
Subjects

8.20 Introduction to Special Relativity

Prereq.: 8.01, 8.02, 18.01
U (1, IAP)
2-0-7 REST

Reviews nineteenth-century science leading to
special relativity, Einstein's approach to
science and postulates of relativity, Lorentz
transformation, length contraction and time
dilation, four vectors and transformations of
four vectors, Lorentz invariants, relativistic
energy and momentum, relativisitic kinematics
and collisions, massless particles, Doppler
shift, space-time diagrams, relativity
paradoxes, the impact of relativity. This subject
is aimed at the freshman and sophomore level.
Term 1: S. A. Rappaport
lAP: J. S. Wurtele

8.231 Physics of Solids I

Prereq.: 8.044 or 6.018, 8.211 or 8.05
U (1)
4-0-8
Introduction to the basic concepts of the quan-
tum theory of solids. Topics: periodic structure
and symmetry of crystals; diffraction; recipro-
cal lattice; chemical bonding; lattice dynamics,
phonons, thermal properties; free electron gas;
model of metals; Bloch theorem and band
structure, nearly free electron approximation;
tight binding method; Fermi surface; semicon-
ductors, electrons, holes, impurities; optical
properties, excitons; magnetism.
T. J. Greytak

8.235 Superconductivity

Prereq.: 8.04, 8.044
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (IAP)
2-0-4

Experiments and phenomenology. A qualita-
tive introduction to perfect conductance and
perfect diamagnetism; thermodynamics and
the energy gap; electron (Cooper) pairing; Bar-
deen-Cooper-Schrieffer theory; quasiparticles;
phase transition and free energy; suppression
of Coulomb repulsion; Type I and I supercon-
ductors; vortices, coherence, and penetration
lengths; lower and upper critical fields; Landau
theory; critical phenomena; Ginzburg criterion;
liquid crystal analogs; high Tc superconduc-
tivity. Alternate years.
A. N. Berker

8.236 Phase Transitions and
Renormalization-Group Theory

Prereq.: 8.044
Acad Year 1993-94: U (IAP)
Acad Year 1994-95: Not offered
2-0-4

Phase diagrams and types of phase transi-
tions; critical phenomena: scale invariance and
thermodynamic singularities; universality clas-
ses. The scaling theory of Kadanoff. The renor-
malization-group theory of Wilson. First-order
phase transitions and entire thermodynamic
functions. Global multicritical renormalization-
group analysis. The Potts lattice-gas model
and surface-adsorbed systems. First- and
second-order phase transitions in Potts
models. Chaotic renormalization-group trajec-
tories: spin glasses.
A. N. Berker

8.237 Neural Networks, Simulated
Annealing, and Phase Transition Models

Prereq.: 8.044
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (IAP)
2-0-4

Brain process, condensed matter analogies;
neural network models. Roles of energy and
temperature. Memory storage, retrieval: built-
in noise and frustration; analogy to spin glas-
ses; phase diagram. Learning, forgetting:
learning within bounds; marginalist learning.
Correlated memories, sequential memories.
Optimization by simulated annealing: the travel-
ing salesman problem; computer chip design
optimization; neural-network strategy. Informa-
tion transmission (coding-decoding): spin-
glass formulation of Sourlas; Shannon's cost
performance bound.
A. N. Berker
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8.242 Quantum Electronics and Laser
Spectroscopy
Prereq.: 8.04 or 6.017
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-1-8

Fundamental processes in lasers and their ap-
plications to studying physical properties of
atoms and molecules. Interaction of classical
and quantum systems with electromagnetic
radiation. The physics of two-level atoms.
Laser oscillators. Techniques in nonlinear
spectroscopy, such as stimulated Raman ef-
fect, free induction decay, optical nutation,
photon echoes, and CARS. As part of the cur-
riculum, each student is required to carry out a
laboratory project. Familiarity with Maxwell's
equations and the Schroedinger equation is re-
quired.
M. S. Feld

8.243 Modern Optics

Prereq.: 8.03
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9
Ray matrices, reflection and refraction at
dielectric interface. Fresnel equations, Gaus-
sian beams, optical resonators. Fiber optics.
Propagation in anisotropic media, optical ac-
tivity, electrooptics, and magnetooptic effects.
Propagation in nonlinear media, effects of
second- and third-order nonlinear suscep-
tibility. Interference, Michelson and Fabry-
Perot interferometers, Fourier transform
spectroscopy, multi-layer films. Fraunhofer and
Fresnel diffraction. Diffraction gratings. Fourier
optics, spatial filtering, holography.
R. L. Aggarwal

8.276 Nuclear and Particle Physics

Prereq.: 8.05
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
4-0-8

A modern view of the fundamental structure of
matter. Starting from a model that views
"quarks" as basic building blocks of mesons
and baryons, the properties and interactions of
these particles are established. Quantum num-
bers and multiplet structure of particle families.
Nuclei as multibaryon systems: stability,
radioactive decay, reactions. Current topics in
nuclear and particle physics research at MIT.
J. L. Matthews

8.282 Introduction to Astrophysics and
Astronomy

Prereq.: 8.01
U (2)
3-0-9 REST

Quantitative introduction to physics of the
galaxy and the universe, as determined from a
variety of astronomical observations and from
cosmic ray and neutrino experiments. Topics:
the sun and "normal" stars, supernovae, pul-
sars, globular clusters, compact objects (white
dwarfs, neutron stars, black holes), optical and
X-ray stellar binary systems, interstellar
medium and star formation, galaxies, quasars,
and cosmology. Prior knowledge of astronomy
not necessary. Not usable as a restricted elec-
tive by physics majors.
Information: S. A. Rappaport.

8.284 Modern Astrophysics

Prereq.: 8.04, 8.05
U (1)
3-0-9
Applications of physics (Newtonian, statistical,
and quantum mechanics) to fundamental
processes that occur in celestial objects. In-
cludes main-sequence stars, collapsed stars
(white dwarfs, neutron stars, and black holes),
pulsars, supernovae, the interstellar medium,
galaxies, and as time permits, active galaxies,
quasars, and cosmology. Observational data
discussed. No prior knowledge of astronomy is
required.
H. Bradt

8.286 The Early Universe

Prereq.: 18.03, 8.02
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 REST

Introduction to modern cosmology. First half
deals with the development of the big-bang
theory from 1915 to 1980, and latter half with
recent impact of particle theory. Topics: spe-
cial relativity and the Doppler effect, New-
tonian cosmological models, introduction to
non-Euclidean spaces, thermal radiation and
early history of the universe, big-bang
nucleosynthesis, introduction to grand unified
theories and other recent developments in par-
ticle theory, baryogenesis, the inflationary
universe model, and the evolution of galactic
structure.
A. H. Guth

8.287J Observational Techniques of
Optical Astronomy

(Same subject as 12.410J)
Prereq.: One subject in Astronomy or
Astrophysics
U (1)
2-4-6 Institute LAB

See description under subject 12.410J.
J. L. Elliot

8.299 Physics Teaching

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

For qualified undergraduate students inter-
ested in gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview.
H. Bradt

8 ThU Undergraduate Physics Thesis

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Program of undergraduate research, leading
to the writing of an S.B. thesis; to be arranged
by the student under approved supervision.
A. M. Bemstein

Graduate Subjects

An asterisk (*) denotes subjects not routine-
ly offered; they will be given when suffi-
cient interest is indicated.

General and Mathematical
PhysiCs

8.311 Electromagnetic Theory

Prereq.: 8.07
G (1)
4-0-8 H-LEVEL Grad Credit

Basic principles of electromagnetism: ex-
perimental basis, electrostatics, magnetic
fields of steady currents, motional e.m.f. and
electromagnetic induction, Maxwell's equa-
tions, propagation and radiation of electromag-
netic waves, electric and magnetic properties
of matter, conservation laws. This is a
graduate level subject which uses appropriate
mathematics but whose emphasis is on physi-
cal phenomena and principles.
R. W. Jackiw

8.312 Electromagnetic Theory

Prereq.: 8.311
G (2)
4-0-8 H-LEVEL Grad Credit

Continuation of 8.311 followed by an introduc-
tion to classical field theory. Special relativity
Lienard-Wiechert potentials, special topics
(may include bremsstrahlung, virtual photons,
Cerenkov radiation, multipole radiation, etc.).
Lagrangian and Hamiltonian field theory: a
choice among the electromagnetic field, the
gravitational field (general relativity), non-
Abelian gauge fields, and the Dirac electron
field.
R. W. Jackiw



80D School of Science

8.321 Quantum Theory I

Prereq.: 8.05, 8.06
G (1)
4-0-8 H-LEVEL Grad Credit

8.322 Quantum Theory II
Prereq.: 8.07, 8.321
G (2)
4-0-8 H-LEVEL Grad Credit

A two-semester subject on quantum theory,
stressing principles: uncertainty relation, ob-
servables, eigenstates, eigenvalues, prob-
abilities of the results of measurement,
transformation theory, equations of motion,
constants of motion. Symmetry in quantum
mechanics, representations of symmetry
groups. Variational and perturbation ap-
proximations. Systems of identical particles
and applications. Time-dependent perturbation
theory. Scattering theory: phase shifts, Born
approximation. The quantum theory of radia-
tion. Second quantization and many-body
theory. Relativistic quantum mechanics of one
electron.
A. N. Berker

8.323 Relativistic Quantum Field
Theory I

Prereq.: 8.322
G (1)
4-0-8 H-LEVEL Grad Credit

8.324 Relativistic Quantum Field
Theory 11

Prereq.: 8.323
G (2)
4-0-8 H-LEVEL Grad Credit

A two-semester course on relativistic quantum
field theory, stressing the formulation of gauge
field theory and application to fundamental
physical problems. Classical field theory,
canonical quantization, the Dirac field. Interact-
ing fields and perturbation theory, Feynman
graphs. Symmetries. Calculations in quantum
electrodynamics. Functional integral formula-
tion of gauge theories. Divergences, regulariza-
tion, and renormalization. Higher-order
processes in electrodynamics. Fundamental
constituents of matter: the standard models of
electroweak and strong interaction. Non-
abelian gauge theories, spontaneous sym-
metry breakdown, the Goldstone and Higgs
mechanisms. The Weinberg-Salam theory.
Renormalization group. Examples drawn from
particle physics and condensed matter physics.
J. Goldstone

8.333 Statistical Mechanics I

Prereq.: 8.044, 8.05
G (1)
4-0-8 H-LEVEL Grad Credit

8.334 Statistical Mechanics II
Prereq.: 8.333
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-0-8 H-LEVEL Grad Credit

A two-semester course on statistical
mechanics. Basic principles are examined in
8.333: the laws of thermodynamics and the
concepts of temperature, work, heat, and
entropy. Postulates of classical statistical
mechanics, microcanonical, canonical, and
grand canonical distributions; applications to
lattice vibrations, ideal gas, photon gas. Quan-
tum statistical mechanics; Fermi and Bose sys-
tems. Interacting systems: cluster expansions,
van der Waal's gas, mean-field theory. Topics
from modern statistical mechanics are ex-
plored in 8.334: the hydrodynamic limit and
classical field theories. Phase transitions and
broken symmetries: universality, correlation
functions and scaling theory. The renormaliza-
tion approach to collective phenomena.
Dynamic critical behavior. Random systems.
M. Kardar

8.361 Quantum Theory of Many-Particle
Systems

Prereq.: 8.322, 8.333
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduces general many-body theory ap-
plicable to low temperature, nuclear, and solid-
state physics. Reviews occupation number
representation and classical Mayer expansion.
Perturbation theory: diagrammatic expansions
and linked-cluster theorem for zero or finite
temperature systems of fermions or bosons.
Green's functions: analytic properties, equa-
tions of motion, relation to observables, ap-
proximations, linear response theory, random
phase approximation. Superconductivity:
electron-phonon interaction, instability of nor-
mal state, BCS ground state, perturbation
theory.
B. Altshuler

8.381, 8.382 Selected Topics in Theoretical
Physics*

Prereq.: Permission of instructor
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Topics of current interest in theoretical
physics, varying from year to year.
Information: G. F. Koster.

8.391, 8.392 Special Problems in Graduate
Physics

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Advanced problems in any area of experimen-
tal or theoretical physics, with assigned read-
ing and consultations.
G. F Koster

8.399 Physics Teaching

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For qualified graduate students interested in
gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching
under the supervision of a faculty member. Stu-
dents selected by interview.
G. F. Koster

PhysiCs of Atoms, Radiation,
Solids, Fluids, and Plasmas

8.421 Atomic and Molecular Physics

Prereq.: 8.05
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

The interaction of radiation with atoms:
resonance; absorption, stimulated, and spon-
taneous emission; dressed atom formalism;
multiphoton processes; structure of simple
atoms; interactions with strong electric and
magnetic fields. Additional topics vary from
year to year: Lamb shift, atomic tests of basic
theory, measurements of the fundamental con-
stants, "cavity quantum electrodynamics," four-
wave mixing, coherence, atom-atom
interaction, atomic and molecular collisions.
D. Kleppner

8.481, 8.482 Selected Topics in Physics
of Atoms and Radiation

Prereq.: 8.321
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Presentation of topics of current interest, with
content varying from year to year.
Information: G. F. Koster.

8.510J Application of Group Theory to the
Physics of Solids

(Same subject as 6.734J)
Prereq.: 8.232 or 6.732
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.734J.
M. S. Dresseihaus
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8.511 Theory of Solids I

Prereq.: 8.231
G (1)
3-0-9 H-LEVEL Grad Credit

First term of a theoretical treatment of the
physics of solids. Concept of elementary ex-
citations. Symmetry: translational, rotational,
and time-reversal invariances: theory of repre-
sentations. Energy bands: APW, OPW, pseu-
dopotential and LCAO schemes. Survey of
electronic structure of metals, semimetals,
semiconductors, and insulators. Excitons. Criti-
cal points. Response functions. Interactions in
the electron gas.
P. Lee

8.512 Theory of Solids 11

Prereq.: 8.511
G (2)
3-0-9 H-LEVEL Grad Credit

Second term of a theoretical treatment of the
physics of solids. Interacting electron gas:
many-body formulation, Feynman diagrams,
random phase approximation and beyond.
General theory of linear response: dielectric
function; sum rules; plasmons; optical proper-
ties; applications to semiconductors, metals,
and insulators. Transport properties: non-inter-
acting electron gas with impurities, diffusons.
Quantum Hall effect: integral and fractional.
Electron-phonon interaction: general theory,
applications to metals, semiconductors and in-
sulators, polarons, field-theory description. Su-
perconductivity: experimental observations,
phenomenological theories, B.C.S. theory.
P. Lee

8.532J Physics of Semiconductors and
Devices

(Same subject as 6.735J)
Prereq.: 6.732 or 8.232
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Transport, optical, and magnetic properties of
semiconductors, Quantum wells, superlattices,
2-D electron systems, quantized Hall effect, in-
tercalation, semiconductor-metal transition, tun-
neling, physics of MOS devices, ion
implantation, laser annealing, amorphous semi-
conductors, organic conductors, magnetic
semiconductors, liquid crystals, localization
phenomena, Bohm-Aharanov effect, ful-
lerenes, nonlinear spectroscopy, two-photon
absorption, Raman scattering.
M. S. Dresseihaus

8.562 Correlations and Critical Behavior
in Condensed Matter

Prereq.: 8.511, 8.333
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Views condensed-matter physics through
space- and time-dependent correlation func-
tions measured by scattering spectroscopy.
Treats in detail experimental techniques of x-
ray, light, electron, and neutron scattering.
Theoretical development is strongly
phenomenological to elucidate physical be-
havior with minimal mathematical complexity.
Uses conservation laws, broken symmetry,
and the fluctuation-dissipation theorem to il-
lustrate the interconnection between apparent-
ly diverse systems, with special attention to
behavior near phase transitions.
B. Altshuler

8.575J Statistical Thermodynamics of
Complex Liquids

(Same subject as 22.52J, 10.44J)
Prereq.: 8.08, 10.213, or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 22.52J.
J. D. Litster, S. H. Chen, D. Blankschtein

8.581, 8.582 Selected Topics in Physics of
Solids

Prereq.: Permission of instructor
G (1, 2)
3-0-9
Presentation of topics of current interest, with
contents varying from year to year.
Information: T. J. Greytak.

8.613J Introduction to Plasma Physics I

(Same subject as 6.651J, 22.61 1J)
Prereq.: 6.014 or 8.07; 18.04 or 18.075
G (1)
3-0-9 H-LEVEL Grad Credit

Introduces plasma phenomena relevant to
energy generation by controlled thermonuclear
fusion and to astrophysics. Coulomb collisions
and transport processes. Motion of charged
particles in magnetic fields; plasma confine-
ment schemes. MHD models; simple equi-
librium and stability analysis. Two-fluid
hydrodynamic plasma models; wave propaga-
tion in a magnetic field. Introduces kinetic
theory; Vlasov plasma model; electron plasma
waves and Landau damping; ion-acoustic
waves; streaming instabilities.
A. Bers, M. Porkolab

8.614J Introduction to Plasma
Physics 11

(Same subject as 6.652J, 22.612J)
Prereq.: 6.651J or 8.613J or 22.61 1J
G (2)
3-0-9 H-LEVEL Grad Credit

Linear waves and instabilities in magnetized
plasma; solutions of Vlasov-Maxwell equations
in homogeneous and inhomogeneous plas-
mas; conservation principles for energy and
momentum; quasi-linear theory and nonlinear
stabilization; solitons and coherent nonlinear
phenomena; collisions and discrete particle ef-
fects; fluctuations in a stable plasma; Fokker-
Planck equation and transport phenomena.
A. Bers

8.621J Plasma Kinetic Theory

(Same subject as 22.64J)
Prereq.: 8.613J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 22.64J.
Information: J. P. Freidberg.

8.624 Plasma Waves

Prereq.: 8.613J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Comprehensive theory of electromagnetic
waves in a magnetized plasma. Wave
propagation in cold and hot plasmas. Energy
flow. Absorption by Landau and cyclotron
damping and by transit time magnetic pumping
(TTMP). Wave propagation in inhomogeneous
plasma: accessibility, WKB theory, mode con-
version, connection formulae, Budden tunnel-
ing. Applications to RF plasma heating, wave
propagation in the ionosphere and laser-plas-
ma interactions. Wave propagation in toroidal
plasmas, and applications to ion cyclotron
(ICRF), electron cyclotron (ECRH), and lower
hybrid (LHH) wave heating. Quasi-linear
theory and applications to RF current drive in
tokamaks. Extensive discussion of relevant ex-
perimental observations.
M. Porkolab
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8.641 Physics of High-Energy
Plasmas I
Prereq.: 8.613J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

8.642 Physics of High-Energy
Plasmas 11

Prereq.: 8.613J
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Basic concepts of plasmas, with temperatures
of thermonuclear interest, relevant to fusion re-
search and astrophysics. Microscopic
transport processes due to inter-particle col-
lisions and collective modes (e.g.,
microinstabilities). Relevant macroscopic
transport coefficients (electrical resistivity, ther-
mal conductivities, particle "diffusion").
Runaway and slide-away regimes. Magnetic
reconnection processes and their relevance to
experimental observations. Radiation emission
from inhomogeneous plasmas. Conditions for
thermonuclear burning and ignition (D-T and
"advanced" fusion reactions, plasmas with
polarized nuclei). Role of "impurity" nuclei.
"Finite-l' (pressure) regimes and ballooning
modes. Convective modes in configuration
and velocity space. Trapped particle regimes.
Nonlinear and explosive instabilities. Interac-
tion of positive and negative energy modes.
Each subject can be taken independently.
B. Coppi

8.681, 8.682 Selected Topics in Fluid and
Plasma Physics*

Prereq.: 8.613J
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Presentation of topics of current interest, with
content varying from year to year.
Information: T. J. Greytak.

Nuclear and Particle PhysiCs

8.710 Introduction to Nuclear Physics

Prereq.: 8.321
G (2)
3-0-9 H-LEVEL Grad Credit

Comprehensive survey of nuclear structure
and dynamics. Properties of the nuclear force.
Interpretation of experimental data via specific
many-body models. Independent particle mo-
tion in spherical and deformed nuclei and its
microscopic basis. Correlations. Electromag-
netic probes: muonic atoms, electron scatter-
ing, photon reactions, moments. Collective
motion and giant resonances. Hadronic
probes: direct and compound reactions.
p-decay. Sum rules. Heavy ion reactions.
Evidence for meson currents and quark-gluon
substructure. Nuclear astrophysics. Experimen-
tal methods. Accelerators. Current topics.
W. Bertozzi

8.711 Nuclear Physics

Prereq.: 8.321, 8.710
G (1)
4-0-8 H-LEVEL Grad Credit

Experimental foundations and theory of the
structure of nucleons and nuclei. Saturation
and binding energy of nucleus as composed of
nucleons. Hadron Structure; evidence for
quarks and their properties; symmetries and
classification of states; quark models of the
hadrons, in particular nucleons. Nucleon-
nucleon scattering; phenomological potentials
and meson exchange theories; quark degrees
of freedom. Nuclear matter: dominance of
nucleon degrees of freedom; Brueckner
theory; correlations. Shell model and effective
interactions; core polarization; pairing. Hartree-
Fock description of spherical and deformed
nuclei; collective motion. Phases of hadronic
matter.
Information: J. W. Negele.

8.712 Advanced Topics in Nuclear
Physics

Prereq.: 8.711 or permission of instructor
G (2)
4-0-8 H-LEVEL Grad Credit

Subject for experimentalists and theorists with
the following rotation of topics:
Nuclear chromodynamics (Spring 1994): Intro-
duction to QCD; structure of nucleons; lattice
QCD; phases of hadronic matter and relativis-
tic heavy ion collisions.
Medium-energy physics (Spring 1995):
Nuclear and nucleon structure and dynamics
studied with medium- and high-energy probes
(neutrinos, photons, electrons, nucleons,
pions, and kaons). Studies of the weak and
strong interactions.
Information: J. W. Negele.

8.731 Nuclear Physics Seminar

Prereq.: 8.322, 8.712
G (2)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Advanced seminar on current topics. Short
presentations by both experimentalists and
theorists. Emphasis varies yearly. Typical
topics: ultrarelativistic heavy-ion collisions;
quark models of nucleons, nuclei, and nucleon-
nucleon interaction; new observables in
electron scattering, using polarized beams,
polarized targets, and coincidence measure-
ments; recent experiments on relativistic
nucleon-nucleon scattering; developments in
many-body theory, including functional integral
and stochastic methods.
A. M. Bernstein

8.781, 8.782 Selected Topics in Nuclear
Theory*

Prereq.: 8.751
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Presents topics of current interest in nuclear
structure and reaction theory, with content
varying from year to year.
Information: J. W. Negele.

8.810 Particle Physics I

Prereq.: 8.321, 8.322
G (1)
4-0-8 H-LEVEL Grad Credit

Introduces phenomenology of particle proper-
ties and interactions, stressing experimental
results. Classification by quantum numbers.
Isospin concept, symmetries; conservation
laws. Particle detectors and techniques. Ac-
celerators. Quark model, color symmetry,
Dirac equation, and QED. V-A theory. Conser-
vation-violation; parity, etc., experiments. K-
mesons, associated production, puzzles,
mixing, regeneration, CP-violation.
L. Rosenberg

8.811 Particle Physics 11

Prereq.: 8.810
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

New experiments and data. New machines,
detectors, technologies; p-P and e'- e col-
liders. Discovery of the W and Z, search for
new particles and quarks. Neutrino physics.
Tests of QED, the unified electroweak theory,
quantum chromodynamics and Grand Unified
Theories; proton decay. Phenomena at ex-
tremely high energies.
M. Chen

8.871, 8.872 Selected Topics in Theoretical
Particle Physics*

Prereq.: 8.323
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Presents topics of current interest in theoreti-
cal particle physics, with content varying from
year to year.
Information: J. W. Negele.

8.881, 8.882 Selected Topics in
Experimental Particle Physics*

Prereq.: 8.811
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Presents topics of current interest in ex-
perimental particle physics, with content vary-
ing from year to year.
Information: W. Busza.

8.883 Experiments in Particle Physics

Prereq.: 8.322
G (2)
2-0-7 H-LEVEL Grad Credit

The motivation, experimental techniques, and
implications of key experiments which
changed the course of particle physics are dis-
cussed. Experiments covered include: dis-
covery of parity and CP violation, antimatter,
quarks, J particle, and W and Z particles.
S. C. C. Ting



Department of Physics (Course 8) 83D

Space Physics and Astrophysics

8.910 Astrophysics

Prereq.: 8.05, 8.08
G (2)
3-0-9 H-LEVEL Grad Credit

Size and time scales in astrophysics. Stellar
structure equations and survey of stellar evolu-
tion. Degenerate stars and interacting binary
stars. Radiative transfer, line formation,
spectroscopy of interstellar medium. The equi-
librium of stellar systems and the distribution of
stars in our galaxy. Introduces cosmology.
P. Kumar

8.911 Astrophysical, Space, and Laboratory
Plasmas, Theoretical Foundations and
Comparative Study

Prereq.: 8.07, 18.04, 18.302 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Part I: fundamentals for plasmas on all scales:
astrophysical, heliospheric, rnagnetospheric,
ionospheric, and laboratory domains. Phase
space distributions, Boltzmann and Vlasov-
Maxwell equations, Fokker-Planck approxima-
tion. Adiabatic invariants, guiding center
motion, conservation laws, virial theorem, col-
lision-dominated plasmas, Onsager relations.
Part II: approximations based on scales: MHD
approximation, closure problem and break-
down of differential fluid equations, discon-
tinuities and shocks, fluctuations, linear waves.
J. W. Belcher

8.913 Plasma Astrophysics I

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

8.914 Plasma Astrophysics I1
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

For students interested in space physics,
astrophysics, and plasma physics in general.
Magnetospheres of rotating magnetized
planets, ordinary stars, neutron stars, and
black holes. Pulsar models: processes for slow-
ing down, particle acceleration, and radiation
emission; accreting plasmas and x-ray stars;
stellar winds; heliosphere and solar wind:
relevant magnetic field configuration,
measured particle distribution in velocity space
and induced collective modes; stability of the
current sheet and collisionless processes for
magnetic reconnection; theory of collisionless
shocks; solitons; Ferroaro-Rosenbluth sheet;
solar flare models; heating processes of the
solar corona; earth's magnetosphere (auroral
phenomena and their interpretation, bow-
shock, magnetotail, trapped particle effects);
relationship between gravitational (galactic)
plasmas and electromagnetic plasmas. 8.913
deals with heliospheric, 8.914 with extra-helio-
spheric plasmas.
B. Coppi

8.921 Stellar Structure and Evolution

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Observable stellar characteristics; overview of
observational information. Principles underly-
ing calculations of stellar structure. Physical
processes in stellar interiors; properties of mat-
ter and radiation; radiative, conductive, and
convective heat transport; nuclear energy
generation; nucleosynthesis; neutrino emis-
sion. Protostars; the main sequence, and the
solar neutrino flux; advanced evolutionary
stages; variable stars; planetary nebulae, su-
pernovae, white dwarfs, and neutron stars;
close binary systems; abundance of chemical
elements.
P. C. Joss

8.922 Physics of the Galaxy

Prereq.: 8.910, permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Observations of the distribution of stars,
clusters, gas, and dust in the galaxy. Theory of
the equilibrium of stellar systems: Vlasov equa-
tion, Fokker-Planck equation, Jeans's
theorem, and the third integral. Introduces
spiral structure theory. Interstellar clouds,
evolution of supernova envelopes, star forma-
tion, and the energy budget of the interstellar
medium.
P. Schechter

8.923 High-Energy Astrophysics

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Observation and theory of high-energy
phenomena and processes in astrophysics.
Radiative processes, including bremsstrahlung
radiation, synchrotron radiation, Compton scat-
tering, coherent emission. Relativistic shock
waves and other relativistic phenomena.
Spherical and disk accretion theory. Neutron
stars; pulsars; black holes. Application to galac-
tic X-ray sources, quasars, and active galactic
nuclei.
B. F. Burke

8.931J Radar Astronomy, Astrometry, and
Geodesy

(Same subject as 12.604J, 6.662J)
Prereq.: 8.03 or 6.014, 18.075 or 18.085
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 12.604J.
G. H. Pettengill, C. C. Counselman III,
D. H. Staelin

8.942 Cosmology

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Thermal backgrounds in space. Cosmological
principle and its consequences: Newtonian
cosmology and types of "universes"; survey of
relativistic cosmology; horizons. Overview of
evolution in cosmology; radiation and element
synthesis; physical models of the "early
stages." Formation of large-scale structure to
variability of physical laws. First and last
states. Some knowledge of relativity expected.
8.962 recommended though not required.
E. W. Bertschinger

8.952 Particle Physics of the Early
Universe

Prereq.: 8.323, 8.324
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Thermal equilibrium states in quantum field
theories. Phase transitions and the fate of the
false vacuum. Homotopy theory and topologi-
cal defects: monopoles, strings, and domain
walls. The standard cosmological model. The
inflationary universe. Quantum field theory in
de Sitter space. Quantum origin of density fluc-
tuations in inflationary models.
A. H. Guth

8.962 General Relativity

Prereq.: 18.03, 18.06, 8.06, 8.312 or
equivalents
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

The basic principles of Einstein's general
theory of relativity. Differential geometry. Ex-
perimental tests of general relativity. Black
holes. Cosmology.
E. H. Farhi

8.971, 8.972 Astrophysics Seminar

Prereq.: 8.910 or permission of instructor
G (1, 2)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Advanced seminar on current topics, with a dif-
ferent focus each semester. Typical topics:
gravitational lenses, active galactic nuclei,
neutron stars and pulsars, galaxy formation,
supernovae and supernova remnants, brown
dwarfs, and extrasolar planetary systems. The
subject's format might loosely be described as
"Russian roulette" - the presenter at each
session is selected by drawing names from a
hat containing those of all attendees.
Term 1: P. Schechter
Term 2: E. W. Bertschinger
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8.981, 8.982 Selected Topics in
Astrophysics e

Prereq.: Permission of instructor
G (1, 2)
3-0-9 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Topics of current interest, varying from year to
year.
Information: S. A. Rappaport.

8 ThG Graduate Physics Thesis

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research, leading to the
writing of an S.M., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate
MIT faculty member.
G. F. Koster
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Brain and Cognitive
Sciences

For degree requirements, see listing in
Chapter VII under the Whitaker College.

9 UR Undergraduate Research

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Individual participation in an ongoing research
project. Consult A. Hein.

9.00 Introduction to Psychology

Prereq.: -
U (1)
4-0-8 HASS-D, Category 4

A survey of the study of human mental life and
behavior. Explores sensation, perception,
learning, memory, thinking, feeling, emotion,
motivation, personality. Uses psychological, so-
cial, and biological data. Considers cultural,
political, and literary impact of psychology. Ex-
amines controversies about mental illness, IQ,
sex roles, fairy tales, and lie detectors. Enroll-
ment may be limited.
J. M. Wolfe

9.01 Neuroscience and Behavior

Prereq.: 9.62J or 9.00
U (1)
3-0-9 REST

Relation of structure and function at various
levels of neuronal integration. Topics include:
functional neuroanatomy and neurophysiology,
sensory and motor systems, centrally
programmed behavior, sensory systems, sleep
and dreaming, motivation and reward, emotion-
al displays of various types, "higher functions"
and the neocortex, and neural processes in
learning and memory.
G. E. Schneider

9.011J Principles of Neuroscience

(Same subject as 7.65J)
Prereq.: Permission of instructor
G (1)
6-0-9 H-LEVEL Grad Credit

Survey of principles underlying the structure
and function of the nervous system, integrating
molecular, cellular, systems, and computation-
al approaches. Topics: development, cell biol-
ogy of neurons, neurotransmitters and
synaptic transmission, sensory systems of the
brain, the neuroendocrine system, the motor
system, higher cortical functions, behavioral
and cellular analyses of learning and memory.
M. Sur, A. Lander, A. Graybiel, E. Bizzi,
S. Corkin, P. Schiller, R. J. Wurtman,
W. Quinn, R. Andersen, T. Poggio

9.021 Molecular Signalling in Vertebrate
Neural Systems: Current Topics

Prereq.: 9.011J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

This subject focuses on intracellular
mechanisms and transcription events in
selected systems in the central nervous sys-
tem. Model systems include the hippocampus
and limbic system, the basal ganglia, and the
neocortex. In each system, neurotransmitter
signalling systems and their influence on gene
transcription are considered. Where ap-
plicable, developmental issues discussed. Al-
ternate years.
A. M. Graybiel

9.027 Biochemistry and Pharmacology of
the Neurotransmitters

Prereq.: 9.011J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Considers the neurotransmitters and other
compounds that mediate communications
among neurons, and between neurons and
other cells. Discusses experimental criteria for
identifying these compounds; the best-known
candidates; the processes controlling their syn-
thesis, release, and metabolism in the body;
their receptors; their responses to circulating
chemicals (drugs, nutrients, hormones, toxins);
and their involvement in diseases and in
physiological and behavioral mechanisms. Al-
ternate years.
R. J. Wurtman

9.029 Cellular Physiology

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Focuses on combined biochemical, molecular,
and biophysical approaches to investigate the
physiology of excitable membranes. Emphasis
is on structure, function, and regulation of
membrane ion channels. Alternate years.
Staff

9.030 Cerebral Cortex

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

A general survey of the structure and function
of the cerebral cortex. Topics include cortical
anatomy, functional localization, and newer
computational approaches to understanding
cortical processing operations. Motor cortex,
sensory cortex (visual, auditory, and
somatosensory cortex), association cortex and
limbic cortex. Emphasis is on using animal
models to understand human cortical function
and includes correlations between animal
studies and human neuropsychological litera-
ture. Alternate years.
R. Andersen

9.036 The Visual System

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Reviews the current neurophysiological and
neuroanatomical research literature on the
mammalian visual system. Alternate years.
P. H. Schiller

9.06 Conflicting Images of Humanity
and Nature

Prereq.: -
U (1)
3-0-6 HASS

More than five billion and growing, we humans
are straining the earth's natural resources to
an unprecedented extent. How do our views of
the world and its contents, including ourselves,
relate to our treatment of the environment, in-
cluding each other? We consider this question
in historical perspective and in the light of
recent developments in the natural and social
sciences.
S. L. Chorover

9.09J Cellular Neurobiology

(Same subject as 7.29J)
Prereq.: 7.05
U (2)
4-0-8

See description under subject 7.29J.
W. G. Quinn, H. Steller

Course 9
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9.10 Cognitive Neuroscience

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6

9.100 Cognitive Neuroscience

Prereq.: 9.011J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Explores how the brain governs behavior, i.e.,
how different neural circuits mediate specific
behavioral capacities. Documents brain-be-
havior correlations in patients with neurological
disease to gain insights into the mechanisms
that underlie normal human cognition. Em-
phasizes neural mechanisms underlying
memory, attention, language, perception, spa-
tial abilities, motivation, and emotion. Includes
hemispheric specialization and the role of
neurotransmitters and hormones. Behavioral
testing methods and presentations of patients
are demonstrated. An additional project is re-
quired for graduate credit. Alternate years.
S. Corkin

9.20 Animal Behavior

Prereq.: 9.00
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS

Reviews selected issues including learning,
cognition, perception, foraging and feeding,
defense, and social activities including conflict,
collaboration, courtship and reproduction, and
communication. The interacting contributions
of environment and heredity are examined and
the approaches of psychology, ethology, and
ecology to this area of study are treated. The
relation of human behavior patterns to those of
nonhuman animals is explored.
A. Hein

9.201 Advanced Animal Behavior

Prereq.: 9.20 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Survey and special topics designed for
graduate students in the brain and cognitive
sciences. Emphasizes ethological studies of
natural behavior and its analysis in laboratory
work, with contributions from field studies,
sociobiology, and comparative psychology.
Stresses mammalian behavior but also in-
cludes studies of other vertebrates and of in-
vertebrates. Discussions include human
ethology, applications to neuropsychology and
behavioral pharmacology, and welfare of cap-
tive animals. Alternate years.
G. E. Schneider

9.322J Genetic Neurobiology

(Same subject as 7.67J)
Prereq.: --
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Deals with the specific functions of neurons,
the interactions of neurons in development,
and the organization of neuronal ensembles to
produce behavior, by functional analysis of
mutations and molecular analysis of their
genes. Concentrates on work with nematodes
and fruit flies. Alternate years.
W. G. Quinn, H. Steller

9.34 Perception, Knowledge, and Cognition
(New)

Prereq.: 9.62J or 9.00
U (1)
3-0-6
The acquisition and communication of
knowledge demands a coherent cognitive
framework within which we can reason about
events and states in the world. What
frameworks are plausible, and how do these
choices affect our deductive and creative
processes? Material includes analog repre-
sentations, Bayesean nets, grammars, default
logics, belief theory, and discourse analysis.
W. A. Richards

9.35 Perceptual Information Processing

Prereq.: 9.62J or 9.00
U (2)
3-0-6
The senses are our gateways to the world.
Everything we know about what is going on
out there comes to us through vision, hearing,
touch, taste, smell. How do the senses work?
How do physical stimuli get transduced into sig-
nals in the nervous system? How can the brain
use those signals to determine the flavor of a
banana, the sound of a flute, or the shape of a
cow? All senses discussed. Vision is covered
most extensively. Includes perception of color,
motion, form and depth, individual differences,
and development.
R. Held, A. Hein

9.358J Image Representations for Vision

(Same subject as MAS 626J)
Prereq.: MAS 510 or permission of instructor
G (1)
2-0-7 H-LFVEL Grad Credit

See description under subject MAS 626J.
E. H. Adelson, A. Pentland

9.36 Introduction to Natural Computation

Prereq.: 9.62J and 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6

Objects differ widely from each other as well
as among themselves in terms of their ap-
pearance and behavior in a natural environ-
ment. These differences are limited, however,
by the natural and physical properties of the
world. Recognizing these constraints allows us
to understand how different objects may be
represented and manipulated. Examples
stress the computation of visual aspects of a
scene, although useful acoustic and tactile rep-
resentations are also included.
W. A. Richards

9.361 Perception and Perceivers

Prereq.: 9.35 or 9.36
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Objects we perceive exist in the world about
us, and are so interpreted. This fact implies
that our perpetual systems possess a concep-
tual framework of the world. The framework
constrains an inductive inference process.
What is the structure of this framework? What
beliefs and preferences drive induction? Cru-
cial to this explanation process are regularities
of the world which constrain the form of our
sense data. What are these regularities and
how do they relate to our cognitive models? Al-
ternate years.
W. A. Richards

9.363 Research in Natural Computation

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Closely supervised research on a problem of
inferring a property of the world, given only
limited sensory data. Problems may be chosen
from the fields of vision, audition, or force sens-
ing (touch). The use of constraint in the in-
ference process is stressed, as well as the
exclusion of false inferences.
W. A. Richards
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9.37 Motor Control

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
9.370 Motor Control

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Biological motor control viewed from the
perspectives of robotics, systems theory, and
artificial intelligence. Constraints on the control
of movement from the environment,
mechanics, and physiology. Hierarchical plan-
ning levels: hand, joint, and muscle variables.
Movement mechanics, kinematics, and
dynamics. Control of position and force. Sys-
tem identification, self-calibration, adaptation,
and learning. Computer simulation laboratory.
An additional project is required for graduate
credit. Alternate years.
C. Atkeson

9.371 Motor Learning

Prereq.: 9.370
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Reading and discussion of selected current
topics in motor learning. The emphasis is on
formulating mathematical bases for the control
of movement, whether in biological systems or
in machines. Computer simulation laboratory.
Alternate years.
C. Atkeson, M. /. Jordan

9.373 Somatosensory and Motor
Systems

Prereq.: 9.011J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

General principles of motor control in biological
systems. Structure and function of sensory
receptors. Muscle structure and reflex arcs.
Spinal cord: descending and ascending path-
ways. Locomotion. Oculomotor control.
Cerebellar structure and function. Motor
thalamus. Basal ganglia. Somatosensory cor-
tex: maps and neuronal properties. Motor
psychophysics and computational approaches
to motor control. Alternate years.
E. Bizzi, M. Sur

9.374J Legged Locomotion in Robots and
Animals

(Same subject as 6.865J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.865J.
M. H. Raibert

9.382 Seminar on Visual Information
Processing

Prereq.: -
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Discusses various computational problems in
machine vision and biological vision. Topics:
edge detection, stereo vision, analysis of time-
varying images, surface interpolation, visual
recognition, parallel algorithms, and hardware
for computer vision. Centers around ongoing
work by participants and presentations by
them.
T. A. Poggio

9.39 Computational Laboratory in
Cognitive Science

Prereq.: 9.62, 6.001, and 18.06
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
0-6-6

9.390 Computational Laboratory in
Cognitive Science

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
0-6-6 H-LEVEL Grad Credit

An introduction to computational modeling in
cognitive science. Case studies in perception,
memory, reasoning, language processing, and
action are used to introduce widely used com-
putational techniques and to evaluate par-
ticular models. Makes extensive use of
computer simulation, and previous experience
with computers is required. An additional
project is required for graduate credit. Alter-
nate years.
M. /. Jordan

9.401 Survey of Cognitive Science

Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

Survey of theories, methods, and findings in
cognitive psychology and perception. Includes
perception and psychophysics, pattern recogni-
tion, imagery and mental codes, memory and
attention, and language comprehension and
production. Ordinarily restricted to Course IX
graduate students; permission of instructor re-
quired for others.
M. C. Potter, R. Held, M. /. Jordan, S. Pinker,
K. Wexler

9.50 Research in Brain and Cognitive
Sciences

Prereq.: 9.00 or 9.62J; and one other subject
in Course IX
U (1, 2, S)
2-8-2 Institute LAB
Can be repeated for credit

Laboratory research in brain and cognitive
science, using physiological, anatomical, phar-
macological, developmental, behavioral, and
computational methods. Each student carries
out an experimental study under the direction
of a member of the faculty. Project must be ap-
proved in advance by faculty supervisor and
either A. Hein or P. H. Schiller. Written presen-
tation of results is required. Consult A. Hein or
P. H. Schiller.

9.520 Learning, Approximation, and
Networks

Prereq.: 9.01, 9.35, 18.02
G (2)
3-0-9 H-LEVEL Grad Credit

Study of the problem of learning from ex-
amples, from the perspective of the theory of
multivariate function approximation from
sparse data. Topics: Radial Basis Functions
and regularization networks. Examines, from
the perspectives of mathematics, algorithms,
applications, and neurobiology, applications in
the field of computer vision, motor control,
computer graphics, time-series analysis and
prediction, adaptive control, and autonomous
navigation.
T. Poggio, F. Girosi

9.59 Psycholinguistics

Prereq.: 9.62J or 24.900J
U (1)
3-0-9 HASS

Studies real-time language processing. Sys-
tematic examination of core problems of lan-
guage production and perception: lexical and
syntactic processes in spoken and written lan-
guage of both normal and language-impaired
populations. Stresses methodological
problems in psycholinguistic experimentation.
The study of language acquisition. Problems
of learning language given real input; lear-
nability. Foundations of language and mind.
Stresses the relation of formal linguistic prin-
ciples to the problem of language acquisition.
K. Wexler

9.591 Psycholinguistics

Prereq.: 9.59, 9.401, or Permission of
Instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Emphasizes one or more of the following
themes in a particular term: theories of lan-
guage, speech perception, communication in
subhuman species, aphasia, language acquisi-
tion, language and thought, interaction be-
tween grammatical structure and linguistic
performance.
Staff
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9.601J Language Acquisition I

(Same subject as 24.949J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Reading and discussion of current theory and
data concerning the psychology and biology of
language acquisition. Emphasizes learning of
syntax and morphology, and especially re-
search relating grammatical theory and lear-
nability theory to empirical studies of children.
K. Wexler

9.602J Language Acquisition 11
(Same subject as 24.950J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Continues discussion of topics described
under 9.601J.
K. Wexler, S. Pinker

9.61 1J Natural Language and the Computer
Representation of Knowledge

(Same subject as 6.863J)
Prereq.: 6.034
G (2)
3-3-6 H-LEVEL Grad Credit

See description under subject 6.863J.
R. C. Berwick

9.62J Introduction to Cognitive Science

(Same subject as 24.116J)
Prereq.: -
U (1)
3-0-9 HASS

Surveys major issues that occupy contem-
porary cognitive science. Topics include visual
perception, motoric behavior, thinking and
reasoning, language and communication.
M. C. Potter

9.63 Laboratory in Cognitive Science

Prereq.: 9.62J or 24.116J
U (2)
3-6-3 Institute LAB

9.631 Laboratory in Cognitive Science

Prereq.: Permission of instructor
G (2)
3-6-3 H-LEVEL Grad Credit

Introduces the principles of experimental
design and interpretation in cognitive psychol-
ogy, including an overview of inferential statis-
tics and analyses of common sources of
artifact. Demonstration of experiments on
human perception, memory, language com-
prehension, and imagery. Students design, ex-
ecute, and write up an experiment of their
own. Graduate students required to do addi-
tional reading and more technically demanding
assignments.
S. Pinker

9.641 Connectionist Models of Cognitive
Processes

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Study of representation, processing, and adap-
tation in highly interconnected networks of
simple analog processing units. Explores basic
algorithms, including backpropagation,
Boltzmann machines, mixtures of experts,
recurrent learning algorithms, and Hebb rules.
Applications to models of memory, perception,
reasoning, and motor control.
M. I. Jordan

9.65 Cognitive Processes

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

An introduction to human information process-
ing and learning; topics include the nature of
mental representation and processing; the ar-
chitecture of memory; pattern recognition; im-
agery and mental codes; concepts and
prototypes; reasoning and problem solving.
Staff

9.651 Cognitive Processes

Prereq.: 9.62J, 9.65, or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Surveys major issues and basic findings in
human cognitive processing. Topics include
pattern recognition, word perception, the ar-
chitecture of memory, mental codes, learning,
and attention, in addition to special topics of
current interest. Alternate years.
M. C. Potter

9.66 Rationality and Cognition: An
Introduction to the Study of Thinking

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
Presents a synthesis of distinct, but com-
plementary, approaches to the study of reason-
ing. Encompasses both general conceptual
analysis derived from a long and illustrious
philosophical tradition and a variety of repre-
sentative, well-defined, and experimentally ac-
cessible case studies. The "normative" theory
of rationality is discussed and examined in
view of recent empirical data from experiments
on reasoning. Gaps in the alleged continuity
between normative rationality and natural
reasoning are observed to preserve, in quite
novel and subtle ways, the value of the former
as a "model" for the latter.
Staff

9.671J Problems of Mental
Representation

(Same subject as 24.518J)
Prereq.: Two Philosophy subjects and
permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 24.518J.
N. Block

9.68 Affect: Biological, Psychological, and
Social Aspects of "Feelings"

Prereq.: 9.00
U (2)
3-0-6 HASS

Affect is to cognition and behavior as feeling is
to thinking and acting or as values are to
beliefs and practices. 9.68 considers these
relations - both at the psychological level of
organization and in terms of their neurobiologi-
cal and sociocultural counterparts.
S. L. Chorover

9.70 Social Psychology

Prereq.: -
U (2)
3-0-6 HASS

Examines interpersonal and group dynamics,
considers how the thoughts, feelings, and ac-
tions of individuals are influenced by (and in-
fluence) the beliefs, values, and practices of
large and small groups. Learning occurs main-
ly through class discussions and participation
in study groups. Regular homework assign-
ments, occasional lectures, and demonstra-
tions.
S. L. Chorover

9.75J Psychology of Gender

(Same subject as SP 460J)
Prereq.* -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Examines evidence (and lack thereof) for dif-
ferences in the ways men and women think,
act, and feel; and in the ways their brains are
organized. Topics: biological mechanisms of
physical gender differentiation in mammals;
male and female brain; sex differences in per-
sonality (aggression, capacity for intimacy) and
in cognitive abilities (spatial and verbal skills);
mechanisms of gender development (biologi-
cal, psychoanalytic, social, cognitive); role of
gender in differences in conceptualization of
the world. Alternate years.
S. E. Carey
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9.85 Developmental Psychology

Prereq.: 9.00 or 9.62J
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

An introduction to the literature on human
development. Some attention to social and
emotional development; major focus on cogni-
tive development. Empirical research on such
theoretical issues as the nativist/empiricist
debate and the nature of qualitative changes
during development reviewed. Some applica-
tions of research to educational issues also dis-
cussed. Alternate years.
S. E. Carey

9.88 Origins of Behavior

Prereq.: 9.00 or 9.62J
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Examines our evolving understanding of the
prenatal, infant, and early post-infant periods.
Addresses the interaction of innate and en-
vironmental factors in the development of intel-
ligence, learning ability, perception, motor
activities including vocalization, and social in-
teractions in humans. Considers their relation
to similar capacities in other animals, em-
phasizing the primates.
A. Hein

9.891 Cognitive Development

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Surveys recent research in cognitive develop-
ment. Topics include constraints on induction,
knowledge representation and reorganization,
cognition in infancy, semantic development,
and conceptual change. Alternate years.
S. E. Carey

9.91 Topics in Cognitive Sciences

Prereq.: 9.00 or 9.62J and any other two
subjects in Brain and Cognitive Sciences
U (1, IAP, 2)
Units arranged
Can be repeated for credit

Individual study of a special topic under the
direction of a member of the faculty. Consult
A. Hein.

9.911-9.916 Special Topics in Brain and
Cognitive Sciences

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for graduate study of advanced
subjects in Brain and Cognitive Sciences not
included in other subject listings.
Consult M. C. Potter or W. G. Quinn.

9.919 Teaching Brain and Cognitive
Sciences

Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

For teaching assistants in Brain and Cognitive
Sciences, in cases where teaching assignment
is approved for academic credit by the depart-
ment.
M. C. Potter, W. G. Quinn

9.921 Research in Brain and Cognitive
Sciences

Prereq.: -
G (1, 2,S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Guided research under the sponsorship of in-
dividual members of the faculty. Ordinarily
restricted to candidates for the doctoral degree
in Course IX. Consult M. C. Potter or W. G.
Quinn.

9.931 Research Reports

Prereq.: -
G (1,2, )
0-0-6 [PID/F] H-LEVEL Grad Credit
Can be repeated for credit

Course IX graduate students submit written
reports of their research efforts according to
stated deadlines. Registration is mandatory in
fall term of third year and in term when thesis
proposal is to be submitted.
Consult M. C. Potter or W. G. Quinn.

9.94-9.98 Independent Activities

Prereq.: -
U (IAP)
Units arranged [P/D/FI
Can be repeated for credit

For undergraduates taking Course 9 IAP sub-
jects for credit. See IAP Guide for details. Con-
sult A. Hein.

Psychology

The undergraduate program in Psychology
is described in Chapter 7. For additional re-
lated subjects in Psychology, see also:

Architecture: 4.264-4.265

Brain and Cognitive Sciences: 9.00, 9.01,
9.027, 9.030, 9.06, 9.09J, 9.10, 9.20, 9.201,
9.35, 9.36, 9.37, 9.39, 9.59, 9.601J, 9.62J,
9.63, 9.641, 9.65, 9.68, 9.70, 9.75J, 9.85, 9.88

Management: 15.301, 15.304, 15.310,
15.312, 15.313, 15.341, 15.361, 15.665,
15.824, 15.832

Humanities: 21H 966J, 21H 908, 21H 226

Science, Technology, and Society:
STS 060J, STS 518J
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Course 10 Chemical Engineering

For degree requirements, see listing in
Chapter VI under the School of
Engineering.
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10 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

10 URG Undergraduate Research
(New)

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Opportunity for participation in the work of a re-
search group, or for special investigation in a
particular field. Topic and hours to fit individual
requirements.
C. M. Mohr

10 ThU Undergraduate Thesis

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Program of undergraduate research, leading
to the writing of an S.B. thesis; to be arranged
by the student and appropriate MIT faculty
member.
C. M. Mohr

10.001 Introduction to Computer Methods

Prereq.: -
U (1, IAP)
2-0-4

Introduction to the use of computers in chemi-
cal engineering and to the computer environ-
ment on Athena. Exposure to methods for text
and picture creation and manipulation, sym-
bolic manipulation, and numerical program-
ming in C. Elementary methods for numerical
analysis are presented.
G. J. McRae, G. C. Rutledge, R. C. Armstrong

10.02J Biotechnology and Engineering

(Same subject as 5.22J, TOX 105J)
Prereq.: -
U (2)
3-0-6

See description under subject 5.22J.
J. M. Essigmann, R. S. Langer

10.11 Computer Models of Physical and
Engineering Systems

Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. R. Williams

10.21 Structures and Properties of Matter

Prereq.: 5.11, 5.60, 10.001
U (1)
3-0-6

Atomic and molecular interactions and their im-
portance in determining physical and chemical
properties of matter. Dielectric properties of
materials. Description of physical and specific
chemical intermolecular forces, including
hydrogen bonds. Bulk and interfacial proper-
ties of pure and mixed gases and liquids. Tech-
niques for characterizing molecular structure
and for predicting properties of matter.
C. K. Colton, J. G. Harris

10.213 Chemical Engineering
Thermodynamics

Prereq.: 5.60, 10.001
U (2)
4-0-8

Applications of first, second, and third laws to
open and closed systems. Thermodynamics of
multicomponent, multiphase systems. Proper-
ties of mixtures, including colligative proper-
ties, chemical reaction equilibrium, and phase
equilibrium; non-ideal solutions. Applications to
open-system processes: power cycles,
refrigeration, separation systems.
D. Blankschtein, K. K. Gleason, J. W. Tester

10.25 Industrial Chemistry and Chemical
Process Pathways

Prereq.: 5.11, 10.213, 10.37
G (1)
3-0-6 H-LEVEL Grad Credit

Chemical and engineering principles involved
in creation and operation of viable industrial
processes. Topics: analysis of process
chemistry by p-pathways (i.e., radical, ionic,
and pericyclic reactions of organic syntheses)
and d-pathways (i.e., catalysis by transition-
metal complexes). Use of reaction
mechanisms for inference of co-product forma-
tion, kinetics, and equilibria: process synthesis
logic related to reaction selectivity, recycle,
separations. Illustrations drawn from current
and contemplated commercial practice.
P. S. Virk

10.26 Chemical Engineering Projects
Laboratory

Prereq.: 10.302
U (1)
0-8-4

Laboratory projects in the areas of applied
chemical research and unit operations. Stu-
dents work in groups and choose one project -
for the whole term from projects suggested by
local industry. Training in planning research
projects, execution of experimental work, oral
presentations and writing reports. Application
of theory to practical problems of industrial con-
cern.
E. W. Anderson, J.-F. Hamel, R. S. Langer,
H. H. Sawin, D. /. C. Wang

10.27 Chemical Engineering Processes
Laboratory

Prereq.: 10.32, 10.37
U (2)
0-8-4

Introduces practical chemical engineering
operations through hands-on experience with
representative pilot-scale equipment and
processes. Intended to provide instruction in
the art of experimentation and data analysis
and introduce theory of selected unit opera-
tions. Emphasis given to developing oral and
written communication skills.
E. W. Anderson, J.-F. Hamel, J. B. Howard
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10.271J Environment and Technology

(Same subject as 1.10J)
Prereq.: -
U (1)
3-0-6
See description under subject 1 .1OJ.
P. Gschwend, J. Ehrenfeld

10.28J Multivariable Control Systems I

(Same subject as 6.233J, 13.481J, 16.320J)
Prereq.: 10.550 or 2.14 or 6.302 or 16.060
G (1)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.233J.
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W. Vander Velde

10.29J Multivariable Control Systems 11

(Same subject as 6.234J, 13.482J, 16.330J)
Prereq.: 10.28J
G (2)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.234J.
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W. Vander Velde

10.301 Fluid Mechanics

Prereq.: 18.03, 10.001
U (2)
3-0-9 REST

Introduces the mechanical principles govern-
ing fluid flow. Stress in a fluid. Conservation of
mass and momentum, using differential and in-
tegral balances. Elementary constitutive equa-
tions. Hydrostatics. Exact solutions of the
Navier-Stokes equations. Approximate solu-
tions using control volume analysis. Mechani-
cal energy balances and Bernoulli's equation.
Dimensional analysis and dynamic similarity.
Introduces boundary-layer theory and tur-
bulence.
W. M. Deen, J. G. Harris, P. S. Virk

10.302 Transport Processes

Prereq.: 5.60, 10.301
U (1)
4-0-8
Principles of heat and mass transfer. Steady
and transient conduction and diffusion. Con-
vective transport of heat and mass in both
laminar and turbulent flows. Natural convec-
tion. Condensation and boiling. Application to
design of heat exchangers. Radiative heat
transfer.
L. Cima, K. A. Smith, Gr. Stephanopoulos

10.31 Separations and the Environment

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6
Separations technology as applied to environ-
mental remediation and pollution control.
Sources of pollution and contaminated environ-
ments: industrial effluents and emissions,
domestic sources, run-offs, in the atmosphere,
surface water, ground water, and soils. Chemi-
cal and physical properties of pollutants, par-
titioning and distribution in the environment.
Separations involving dilute aqueous streams,
gas mixtures, recoverable organic products. In
situ remediation of contaminated waste sites.
T. A. Hatton

10.32 Separation Processes

Prereq.: 10.213, 10.302
U (2)
3-0-9
General principles of separation by equilibrium
and rate processes. Staged cascades. Applica-
tions to distillation, absorption, adsorption, and
membrane processes. Phase equilibria and
role of diffusion.
C. M. Mohr

10.33 Analytical Treatment of Chemical
Engineering Transport Processes

Prereq.: 10.301, 18.02
G (1)
3-0-6 H-LEVEL Grad Credit

Mathematical techniques underlying transport
problems basic to most chemical engineering
processes. Quaternions, vectors, polyadics,
Cartesian tensors, general tensors, curvilinear
coordinate systems. Representations of rota-
tion and orientation. Anisotropic material ten-
sor properties. Applications to the derivation of
transport equations in physical space, at inter-
faces, along lines, and in multidimensional
phase spaces.
H. Brenner

10.331 Nonlinear Analysis in Chemical
Engineering

Prereq.: 10.50
G (2)
3-0-6
Emphasizes both classical and modern
methods for analyzing nonlinear ordinary and
partial differential equations arising in reaction
engineering and transport phenomena. Topics:
elementary stability theory and bifurcation
analysis of steady states; introduction to time-
periodic phenomena and transitions to chaos;
numerical methods for tracking multiple-steady
and time-periodic states.
R. A. Brown

10.332 Linear Operator Theory in Chemical
Engineering Science

Prereq.: 18.03, 18.06, or equivalent
G (1)
3-0-6
Introduction to linear operator theory. Set
theory, metric and linear spaces. Inner product
and Hilbert spaces, orthogonality, adjoint and
self-adjoint operators, spectral representation
theory, Green's functions, and Sturm-Liouville
operators. Applications to problems in partial
differential equations and control theory.
T. A. Hatton, R. A. Brown

10.34 Numerical Methods Applied to
Chemical Engineering

Prereq.: 10.33
G (2)
3-0-6 H-LEVEL Grad Credit

Numerical methods for solving problems aris-
ing in heat and mass transfer, fluid mechanics,
and chemical reaction engineering. Topics-
numerical linear algebra, solution of nonlinear
algebraic equations and ordinary differential
equations, and finite-difference and finite-ele-
ment methods for elliptic and parabolic partial
differential equations. All methods presented
in context of problems arising in transport
phenomena. Lectures and assignments as-
sume knowledge of FORTRAN.
R. A. Brown

10.341 Finite Element Methods for
Problems in Transport Phenomena

Prereq.: 10.34
G (1)
3-0-6 H-LEVEL Grad Credit

Advanced methods for solving problems in
fluid mechanics and heat and mass transfer.
Emphasis on efficient techniques for handling
highly irregular boundaries, nonlinearities, com-
plicated boundary conditions, and singularities.
Variational, Galerkin, and collocation schemes
discussed.
R. A. Brown

10.37 Chemical Kinetics and Reactor
Design

Prereq.: 5.60, 10.301
U (2)
3-0-6
Introduces design of commercial chemical
reactors, emphasizing synthesis of chemical
kinetics, transport phenomena. Topics: kinetics
and equilibrium - elementary steps, transition-
state theory, multistep reactions. Ideal
reactors - batch, plug flow, well-stirred;
residence-time distributions. Transport in reac-
tors - heat and mass transfer, diffusion to
and within catalyst particles. Reactor design;
reactor size: modeling of performance.
C. L. Cooney, J. Y. Ying
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10.38 Computer-Aided Process Engineering

Prereq.: 10.302, 10.32
G (2)
2-0-7 H-LEVEL Grad Credit

Theory and practice underlying development
and use of flowsheet models of chemical
processes. Modeling the flowsheet, selection
of physical property models fitting ther-
modynamic data, numerical solution of non-
linear equations, process optimization,
modeling batch and semicontinuous proc-
esses, computer-aided methods for energy in-
tegration analysis based upon the
thermodynamic pinch. Solution of case
problems using the ASPEN PLUS flowsheet
simulator.
L. B. Evans

10.39 Energy Technology

Prereq.: 5.60, 10.213
G (1)
3-0-6 H-LEVEL Grad Credit

Studies the factors determining the choice of
energy technologies and their individual design
and performance features. Considers energy
supply-demand patterns, economics, efficiency
of resource utilization, and environmental and
social effects. Gives special emphasis to syn-
thetic fuel systems and utilization-related ener-
gy technologies. Special subjects such as fuel
cells, solar energy, and geothermal energy
can be studied and presented as term paper
topics. Open to undergraduates.
J. B. Howard

10.40 Chemical Engineering
Thermodynamics
(Revised Units)

Prereq.: 5.60 or equivalent
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Basic postulates of classical thermodynamics.
Application to transient open and closed sys-
tems. Criteria of stability and equilibria. Ther-
modynarnic properties of pure materials and
mixtures. Phase and chemical equilibria of mul-
ticomponent systems. Applications em-
phasized through extensive problem work
relating to practical cases.
D. Blankschtein, J. G. Harris, J. W. Tester

10.42 Advanced Thermodynamics
(Revised Units)

Prereq.: 10.40
G (2)
3-0-6 H-LEVEL Grad Credit

Equilibrium and stability concepts examined in
depth for multicomponent, multiphase sys-
tems. Equations of state for pure components
and mixtures, solution models for mixtures of
electrolytes and non-electrolytes. Surface ther-
modynamics, statistical thermodynamics and
Monte Carlo and Molecular Dynamics applica-
tions comprise other topics.
J. W. Tester, J. G. Harris, D. Blankschtein

10.421 Heterogeneous Catalysis and
Catalytic Processes
(New)

(Subject meets with 10.521)
Prereq.: 5.13, 10.37 or equivalents
U (1)
3-0-6

Meets with graduate subject 10.521, but as-
signments differ. See description under subject
10.521.
J. Y. Ying

10.43 Introduction to Interfacial Phenomena

Prereq.: 10.213 or an equivalent introductory
subject in thermodynamics or physical
chemistry
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6

Introduces fundamental and applied aspects of
interfacial phenomena. Theory of capillarity.
Experimental determination of interfacial ten-
sion. Thermodynamics of interfaces. The
Gibbs adsorption equation. The Van der
Waals approach to interfacial phenomena. Sur-
face tension of pure liquids and solutions. Sur-
face films. Wetting and contact angles. Effect
of curvature on the equilibrium state of pure
systems and mixtures. Fundamentals of ad-
sorption, micellization, solubilization, and emul-
sification.
D. Blankschtein

10.44J Statistical Thermodynamics of
Complex Liquids

(Same subject as 22.52J, 8.575J)
Prereq.: 8.08, 10.213, or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 22.52J.
D. Blankschtein, S. H. Chen, J. D. Litster

10.467 Polymer Science Laboratory
(Revised Units)

Prereq.: 5.12 or equivalent
U (1, 2)
2-7-3 Institute LAB

Experiments broadly aimed at acquainting stu-
dents with the range of properties of polymers,
methods of synthesis, and physical chemistry.
Examples: solution polymerization of
acrylamide, bead polymerization of divinylben-
zene, interfacial polymerization of nylon 6,10,
derivitization of formed polymers (amylose to
amylose triacetate). Evaluation of elastic net-
works by tensile and swelling experiments; of
linear polymers by gel permeation chromatog-
raphy and light scattering. Relation of ob-
served properties to specific conditions of
synthesis, or choice of route of synthesis.
E. W. Merrill, G. C. Rutledge

10.471 Air Pollution Control

Prereq.: Permission of instructor
U (2)
3-0-6

Fundamentals of atmospheric chemical and
physical processes that disperse, transport,
transform, and remove air pollutants. General
principles of control technology, including gas
absorption by liquids, adsorption of gases on
solids, and removal of particles from gas
streams. Integration of control stategy into con-
ceptual plant design.
A. F. Sarofim

10.49J Biomedical Transport
Phenomena

(Same subject as HST 521J)
Prereq.: 10.301, 10.302, or equivalent
G (2)
2-0-4 H-LEVEL Grad Credit

Applies the principles of transport phenomena
to the analysis of selected physiological
processes and the design of artificial internal
organs and extracorporeal devices. Reviews
pertinent physiological principles. Rheology of
blood. Convective and diffusive mass transport
in blood and tissues. Mass transport charac-
teristics of biological and synthetic membrane
processes. Artificial organs, including artificial
kidney, pancreas, liver, and cardiopulmonary
assist devices.
C. K. Colton, W. M. Deen

10.490 Integrated Chemical Engineering I

Prereq.: 10.32, 10.37
U (1)
4-0-8

Presents and solves chemical engineering
problems in an industrial context. Emphasis is
placed on the integration of fundamental con-
cepts with approaches of process design.
Problems are emphasized that demand syn-
thesis, economic analysis, and process design.
Geo. Stephanopoulos, L. B. Evans,
C. M. Mohr, P. /. Barton

10.491 Integrated Chemical Engineering 11

Prereq.: 10.490
U (IAP, 2)
4-0-8

Three modules present and solve chemical en-
gineering problems in an industrial context.
Emphasis placed on integration of fundamen-
tals with material property estimation, process
control, product development, and computer
simulation. Integration of societal issues, such
as engineering ethics, environmental and
safety considerations, and impact of technol-
ogy on society are addressed in the context of
case studies. One module may be taken
during IAP.
A. F. Sarofim, R. S. Langer, G. C. Rutledge,
H. H. Sawin
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10.50 Analysis of Heat and Mass Transfer
(Revised Units)

Prereq.: 10.302
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Analyzes diffusive and convective transport of
heat and mass. Analytical solutions to steady-
state and transient diffusion or conduction
problems. Forced and free convection of heat
and mass in laminar flow. Simultaneous heat
and mass transfer with chemical reaction or
phase change.
R. C. Armstrong, R. A. Brown, W. M. Deen,
H. Brenner, T. A. Hatton, K. A. Smith

10.51 Macromolecular Hydrodynamics
Prereq.: 10.301
G (1)
3-0-6 H-LEVEL Grad Credit

Observed phenomena in polymeric flow sys-
tems. Techniques of viscometry and viscoelas-
tic measurements for polymeric fluids.
Rheological models. Continuum theories.
Molecular theories of polymeric fluids. Analyti-
cal solutions to flow problems; non-Newtonian
viscosity, linear viscoelasticity, normal
stresses, recoil, stress relaxation.
R. C. Armstrong

10.515 Structural Theories of Polymer Fluid
Mechanics

Prereq.: 10.301
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Structural and molecular models for polymeric
liquids. Nonequilibrium properties are em-
phasized. Elementary kinetic theory of polymer
solutions. General phase space kinetic for
polymer melts and solutions. Network theories.
Interrelations between structure and rheologi-
cal properties.
R. C. Armstrong

10.52 Mechanics of Fluids

Prereq.: 10.50
G (2)
3-0-6 H-LEVEL Grad Credit

Advanced course in fluid and continuum
mechanics. Content may vary, drawing from
such topics as low Reynolds number
hydrodynamics, Brownian motion, suspension
mechanics, flow in porous media, multi-
phase/particulate flow, ideal fluid theory,
laminar boundary-layer theory, stability theory,
and turbulence.
H. Brenner

10.521 Heterogeneous Catalysis and
Catalytic Processes

(10.60)
(Subject meets with 10.421)
Prereq.: 5.13, 10.37, or equivalents
G (1)
3-0-6 H-LEVEL Grad Credit

An introduction to applied catalysis, focusing
on principles of importance in the development
and improvement of catalysts and their practi-
cal use in industry. Topics include adsorption
phenomena, catalyst preparation, and surface
characterization techniques. Application of
catalyst functionality concepts for control of
reaction selectivity and kinetic models. Com-
monality of mechanisms for significant groups
of catalyzed reactions such as hydrogenation,
partial oxidation, and hydrocarbon reactions
catalyzed by solid acids and zeolites. Control
of pollutant emissions by catalysis. Meets with
undergraduate subject 10.421, but assign-
ments differ.
J. Y. Ying

10.53J Physicochemical
Hydrodynamics

(Same subject as 2.272J)
Prereq.: 10.50, 2.25
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 2.272J.
H. Brenner, R. F. Probstein

10.54 Advanced Topics in Heat and Mass
Transfer: Macrotransport Processes

Prereq.: 10.50
G (2)
3-0-6 H-LEVEL Grad Credit

Generalized Taylor dispersion theory applied
to chromatographic separation processes, flow
in porous media, transport properties of macro-
molecular solutions, and generic analyses of
heterogeneous systems, including adsorption
phenomena and chemically reactive continua.
H. Brenner

10.546J Principles and Methodologies of
Metabolic Engineering
(New)

(Same subject as 7.546J)
Prereq.: -
G (2)
2-0-7
Application of chemical reaction engineering
principles and genetic engineering techniques
to the analysis and modification of metabolic
pathways of microorganisms and mammalian
cells. The goal is to optimize flux distributions
of carbon and energy at critical junctions of the
metabolic network in order to enhance product
synthesis. Topics include: determination of flux
distributions in primary metabolism by
stoichiometric and labelling techniques;
kinetics and thermodynamics of metabolic net-
works; metabolic control theory; genetic en-
gineering techniques for the overexpression,
deregulation, or inhibition of targeted en-
zymes; biochemistry and enzymology of meta-
bolic networks.
Gr. Stephanopoulos, A. J. Sinskey

10.547J Health Technology
(New)

(Same subject as 15.136J, HST 920J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.136J.
S. N. Finkelstein, C. L. Cooney

10.548J Transport Phenomena and Tumor
Pathophysiology

(Same subject as HST 525J)
Prereq.: 18.03; 2.20 or 10.301 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4 H-LEVEL Grad Credit

See description under subject HST 525J.
R. K. Jain

10.55 Colloid and Surfactant Science
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Introduction to theory and applications of col-
loidal dispersions and surfactant science.
Monolayer adsorption at interfaces, electrical
double layers, dispersion forces, electrokinetic
phenomena, and stabilization of dispersions.
Chemistry, structure, and classification of sur-
factants, critical micelle concentrations, micel-
lar solubilization, and catalysis. Detergency
and wetting phenomena. Emulsion technology
and applications.
T. A. Hatton
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10.550 Process Operations and Control

(10.35)
Prereq.: 10.37, 18.03
G (2)
3-0-6 H-LEVEL Grad Credit

Introduction to the engineering tasks as-
sociated with process operations and control.
Topics include the following: incentives for
process control; modeling static/dynamic
process behavior; control strategies for single
units and complete plants; feedback, feedfor-
ward, and other control structures; digital com-
puter control techniques; analysis of process
data for process diagnosis and supervisory
control; industrial practice of process control.
Geo. Stephanopoulos

10.551 Systems Engineering
(New)

Prereq.: 10.213, 10.302, 10.37
G (2)
3-0-6 H-LEVEL Grad Credit

Introduction to the elements of systems en-
gineering. Special attention devoted to those
tools that help students structure and solve
complex problems. Illustrative examples drawn
from a broad variety of chemical engineering
topics, including product development and
design, process development and design, ex-
perimental and theoretical analysis of physico-
chemical process, analysis of process
operations, etc.
G. J. McRae, Geo. Stephanopoulos,
P. /. Barton

10.56J Molecular and Engineering Aspects
of Biotechnology

(Same subject as 7.37J)
Prereq.: 7.03 or 7.05, 5.60
U (2)
4-0-8

See description under subject 7.37J.
D. /. C. Wang, A. J. Sinskey, H. Lodish

10.560 Structure and Properties of Polymers
(Revised Units)

(10.641)
Prereq.: 10.213 or permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Review of polymer molecular structure and
bulk morphology; survey of molecular and mor-
phological influence on bulk physical proper-
ties including non-Newtonian flow,
macromolecular diffusion, gas transport in
polymers, electrical and optical properties,
solid-state deformation, and toughness. Case
studies for product design.
R. E. Cohen

10.565 Separation Processes for
Biochemical Products

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Introduces the fundamental principles of
separation operations important to the
recovery of products from biological proc-
esses. Lectures cover membrane filtration,
chromatography, centrifugation, electrochemi-
cal separation, and process design.
C. L. Cooney

10.579 Application of Technology

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. Deutch

10.581J Materials Processing

(Same subject as 3.52J)
Prereq.: 3.01, 3.185, or equivalents
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 3.52J.
A. Mortensen, K. F. Jensen, M. C. Flemings

10.59 Biochemical Engineering

Prereq.: Permission of instructor
G (2)
4-0-8 H-LEVEL Grad Credit

Interaction of chemical engineering,
biochemistry, and microbiology. Mathematical
representations of microbial systems. Kinetics
of growth, death, and metabolism. Continuous
fermentation, agitation, mass transfer, and
scale-up in fermentation systems, enzyme
technology.
C. L. Cooney, D. /. C. Wang

10.610 Applied Quantum Mechanics

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Application of quantum mechanics to chemical
systems and materials. Quantum mechanical
methods of predicting chemical structure,
spectroscopic properties, chemical reactivity,
and properties of materials. Hartree-Fock
theory, density functional theory, modern com-
putational techniques, methods of approximat-
ing correlation energy. Meets with
undergraduate subject 10.420, but assign-
ments differ.
J. G. Harris

10.611 J Microelectronics Processing
Technology

(Same subject as 6.152J, 3.155J)
Prereq.: 6.071 or 6.012 or 3.15
U (1, 2)
3-4-5

See description under subject 6.152J.
M. A. Schmidt, C. G. Sodini, H. H. Sawin,
C. V. Thompson, K. K. Gleason

10.613 Solid-State Surface Science

Prereq.: 10.213
G (2)
3-0-6 H-LEVEL Grad Credit

Structural, chemical, and electronic properties
of solids and solid surfaces. Analytical tools
used to characterize surfaces including Auger
and photoelectron spectroscopies and electron
diffraction techniques. Surface ther-
modynamics and kinetics including adsorption-
desorption, catalytic properties, and sputtering
processes. Applications to microelectronics,
optical materials, and catalysis.
H. H. Sawin, K. K. Gleason

10.616J Plasma Processing in Integrated
Circuit Fabrication

(Same subject as 6.776J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.776J.
H. H. Sawin, L. R. Reif

10.642 Molecular and Phenomenological
Interpretation of Polymer
Viscoelasticity

Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
2-0-7 H-LEVEL Grad Credit

Theory and phenomenology of linear viscoelas-
tic behavior of polymers. Material functions
and their interconversion, model repre-
sentation, time-temperature equivalence.
Reviews molecular theories. Introduces non-
linear viscoelasticity.
R. E. Cohen

10.65 Chemical Reactor Engineering

Prereq.: 10.37
G (1)
3-0-6 H-LEVEL Grad Credit

Applies chemical kinetics to development and
improvement of industrial processes. Nonideal
reactor analysis, including residence-time dis-
tributions, concepts of mixedness, and
segregation, dispersion, and CSTR models.
Mass and energy transfer limitations in
heterogeneous noncatalytic and catalytic reac-
tion systems. Reactor stability and sensitivity
to operating parameters. Choice and design of
reactors for heterogeneous reactions.
K. F. Jensen
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10.652 Principles and Applications of
Chemical Kinetics

Prereq.: 10.65 or 10.37, 5.62
G (2)
3-0-6 H-LEVEL Grad Credit

Estimation of thermodynamic and kinetic
properties based on molecular dynamics.
Methods including collisional theory and transi-
tion state theory will be developed for the es-
timation of unimolecular, bimolecular,
termolecular, and complex reaction systems.
Pressure effects and fall-off treatment using
Lindemann-Hinshelwood, Kassel, RRK, and
RRKM treatments. Chemical activation and
ion-molecule reactions. Content may vary
drawing on applications in combustion, plasma
chemistry, and heterogeneous reactions.
J. B. Howard, H. H. Sawin

10.668J Physical Chemistry of
Macromolecular Solutions

(10.682J)
(Same subject as 5.65J)
Prereq.: 18.02, 5.60, 5.62
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4 H-LEVEL Grad Credit

See description under subject 5.65J.
J. M. Deutch

10.681 Physical Chemistry of Polymers

Prereq.: 5.60 or 10.213 or 10.40
G (1)
3-0-6 H-LEVEL Grad Credit

Chain macromolecules as random coils (unper-
turbed, expanded) and as other shapes. Statis-
tical thermodynamics of interpenetrating
random coiling polymers in solution with ap-
plication to phase separations, swelling of net-
works, depression of melting point. The
isolated chain molecule in dilute solutions
analyzed for mass or size by static methods
(osmometry, light scattering, neutron scatter-
ing) and by dynamic methods (intrinsic vis-
cosity, size exclusion chromatography,
electrophoresis, sedimentation).
R. E. Cohen

10.691 Synthesis of Polymers

Prereq.: 5.42
G (2)
3-0-6 H-LEVEL Grad Credit

Studies synthesis of polymeric materials, em-
phasizing interrelationships of chemical path-
way, process conditions, and
"microarchitecture" of molecules produced.
Chemical pathway: anionic, radical, condensa-
tion, ring-opening. Process conditions: bulk,
solution, emulsion, suspension, gas phase,
batch vs continuous fluidized bed. "Microar-
chitecture": tacticity, molecular-weight distribu-
tion, sequence distributions in copolymers,
"errors" in chains such as branches, head-to-
head addition, peroxide incorporation.
E. W. Merrill

10.70 Principles of Combustion

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Basic concepts and applications of combus-
tion: flame stabilization and propagation in
gaseous fuel-oxidant mixtures. Turbulent jet
flames. Swirling jet flames. Heterogeneous
combustion: treatment of liquid fuel spray and
pulverized coal. Advanced coal combustion
technologies: fluidized bed, coal-water slurry,
and slagging combustion. Mechanisms of pol-
lutant formation and emission: oxides of
nitrogen and sulfur, polycyclic aromatic com-
pounds, fine inorganic particulates. Reduction
of pollutant emission by combustion process
modifications.
J. B. Howard

10.71J Air Pollution Control

(Same subject as 2.29J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Common gaseous and particulate air pol-
lutants and their environmental effects. Model-
ing of atmospheric chemical and physical
processes that disperse, transport, transform,
and remove air pollutants on local, regional,
and global scales. Formation of air pollutants
in combustion processes. Control technology
and costs. Regulation of air quality and emis-
sions.
G. J. McRae

10.72J Chemicals in the Environment:
Sources and Control

(Same subject as TPP 52J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Sources and control technologies governing
the emissions of chemicals into the environ-
ment. Material balance concepts and evalua-
tion of ambient levels of chemicals in the
environment. Evaluation of health and ecologi-
cal impact. Concepts of risk assessment and
management. Regulatory framework and his-
torical background. Technological solutions
based on process modification and emissions
control. Case studies are selected from a
range of major environmental problems rang-
ing from hazardous waste chemicals, combus-
tion-generated pollutants, acid rain, global CO2 .
A. F. Sarofim, J. R. Ehrenfeld

10.74J Radiative Transfer

(Same subject as 2.58J)
Prereq.: 10.302 or 2.51
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.58J.
A. F. Sarofim, L. R. Glicksman

10.792J Proseminar in Manufacturing

(Same subject as 15.792J, 2.890J, 3.80J,
16.985J)
Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

See description under subject 15.792J.
D. B. Rosenfield

10.801 Entrepreneurship

Prereq.: -
G (2)
4-0-5

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult

10.805J Technology, Law, and the Working
Environment

(Same subject as 15.656J, TPP 35J)
Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Addresses relationship between technology-re-
lated problems and the law applicable to work
environment. National Labor Relations Act, Oc-
cupational Safety and Health Act. Toxic Sub-
stances Control Act, state worker's
compensation, and suits by workers in the
courts discussed. Problems related to occupa-
tional health and safety, collective bargaining
as a mechanism for altering technology in the
workplace, job alienation, productivity, and the
organization of work addressed. Prior courses
or experience in the environmental, public
health, or law-related areas.
N. A. Ashford, C. C. Caldart

10.806 Management in Engineering

Prereq.: -
U (1)
3-0-9

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult, H. S. Marcus

10.816 Engineering Risk-Benefit
Analysis

Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. W. Drake, A. R. Odoni
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School of Chemical
Engineering Practice

10.80 (10.82) School of Chemical
Engineering Practice - Technical
Accomplishment - West Point Station
(Revised Units)

Prereq.: Permission of instructor, 10.81 (10.83)
G (1, 2, S)
0-6-0 H-LEVEL Grad Credit

Conducted at the Merck & Company Inc.
facility in West Point, Pennsylvania. Group
problem assignments include process develop-
ment design, simulation and control, technical
service, and new-product development. Grad-
ing based on technical accomplishment. Credit
granted in lieu of master's thesis; see
departmental description on School of Chemi-
cal Engineering Practice in Chapter 7 for
details. Enrollment limited and subject to plant
availability.
T. A. Hatton

10.81 (10.83) School of Chemical
Engineering Practice - Communication
Skills and Human Relations - West Point
Station
(Revised Units)

Prereq.: Permission of instructor, 10.80 (10.82)
G (1, 2, S)
0-6-0 H-LEVEL Grad Credit

Conducted at the Merck & Company Inc.
facility in West Point, Pennsylvania. Group
problem assignments include process develop-
ment, design, simulation and control, technical
service, and new-product development. Grad-
ing based on communication skills and human
relations in group assignments. Credit granted
in lieu of master's thesis; see departmental
description on School of Chemical Engineering
Practice in Chapter 7 for details. Enrollment
limited and subject to plant availability.
T. A. Hatton

10.84 (10.85) School of Chemical
Engineering Practice - Technical
Accomplishment - Midland Station
(Revised Units)

Prereq.: Permission of instructor, 10.86 (10.87)
G (1, 2, S)
0-6-0 H-LEVEL Grad Credit

Conducted at the research laboratories and
manufacturing facilities of the Dow Chemical
Company in Midland, Michigan. Group prob-
lem assignments include process develop-
ment, design, simulation and control, technical
service, and new-product development. Grad-
ing based on technical accomplishment. Credit
granted in lieu of master's thesis; see
departmental description on School of Chemi-
cal Engineering Practice in Chapter 7 for
details. Enrollment limited and subject to plant
availability.
T. A. Hatton

10.86 (10.87) School of Chemical
Engineering Practice - Communication
Skills and Human Relations - Midland
Station
(Revised Units)

Prereq.: Permission of instructor, 10.84 (10.85)
G (1, 2, S)
0-6-0 H-LEVEL Grad Credit

Conducted at the research laboratories and
manufacturing facilities of the Dow Chemical
Company in Midland, Michigan. Group prob-
lem assignments include process development
design, simulation and control, technical ser-
vice, and new-product development. Credit
granted in lieu of master's thesis; see
departmental description on School of Chemi-
cal Engineering Practice in Chapter 7 for
details. Enrollment limited and subject to plant
availability.
T. A. Hatton

General

10.90 Independent Research Problem

Prereq.: Permission of instructor
G (1, 2,S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

For special and graduate students who wish to
carry out some minor investigation in a par-
ticular field. Subject and hours to fit individual
requirements.
R. E. Cohen

10.91 Independent Research Problem

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

For undergraduate students who wish to carry
out a special investigation in a particular field.
Topic and hours to fit individual requirements.
C. M. Mohr

10.920 Indepartmental Seminar in
Nanostructured Materials
(New)

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Research seminars on the synthesis, structural
characterization, and application of nanostruc-
tured materials. Presentations by faculty and
students from Departments of Chemical En-
gineering, Chemistry, and Materials Science
and Engineering engaging in studies of
nanocrystallites, clusters, thin films, and quan-
tum dots. Open to students interested in an in-
terdisciplinary approach to ultrafine materials
processing.
J. Y. Ying

10.94 Special Problems in Chemical
Engineering

Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

Problem of current interest, varying from year
to year.
R. C. Armstrong

10.940J Seminar on Pharmaceutical and
Biotechnology Industry Management

(Same subject as 15.138J, 7.89J)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

See description under subject 15.138J.
T. J. Allen, C. L. Cooney, S. N. Finkelstein,
A. Sinskey

10.95 Special Problems in Chemical
Engineering

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Directed research and study of special chemi-
cal engineering problems.
R. E. Cohen

10.960J Student Seminar in Polymer
Science and Technology
(Revised Content and Units)

(Same subject as 3.992J)
Prereq.: -
G (1,P2)
2-0-0 [P/D/F]
Can be repeated for credit

A series of seminars covering a broad
spectrum of topics in polymer science and en-
gineering, featuring both on- and off-campus
speakers.
R. E. Cohen, E. L. Thomas, G. C. Rutledge

10.961 Seminar in Advanced Air Pollution
Research
(New)

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Research seminars, presented by students
engaged in thesis work in the field of air pollu-
tion. Particular emphasis given to atmospheric
chemistry, mathematical modeling, and policy
analysis.
G. J. McRae
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10.971 Seminar in Fluid Mechanics and
Transport Phenomena

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminar series on current research on New-
tonian and non-Newtonian fluid mechanics
and transport phenomena, and applications to
materials processing. Seminars given by guest
speakers and research students.
R. A. Brown, R. C. Armstrong

10.972 Biochemical Engineering Research
Seminar

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminar allows students to present their re-
search programs to other students and staff.
The research topics include fermentation and
enzyme technology, mammalian and animal
cell cultivation, and biological product separa-
tion.
D. /. C. Wang, C. L. Cooney

10.973 Bioengineering

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminar covering topics related to current re-
search in the application of chemical engineer-
ing principles to biomedical science and
biotechnology.
C. K. Colton, W. M. Deen

10.974 Catalysis and Reaction Engineering

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminar on research topics and recent
developments in heterogeneous catalysis,
reaction engineering, and related topics. In-
tended primarily for students engaged in re-
search in these areas, but open to students
with background and interest in related areas
such as surface sciences and noncatalytic
reactions.
M. Flytzani-Stephanopoulos, J. Y. Ying

10.975 Seminar in Polymer Science and
Engineering

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Research seminars, presented by students
engaged in thesis work in the field of polymers
and by visiting lecturers from industry and
academia.
R. E. Cohen, E. W. Merrill, G. C. Rutledge

10.976 Process Design, Operations, and
Control
(Revised Content)

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminars on the state of the art in design,
operations, and control of processing systems,
with emphasis on computer-based tools. Dis-
cussions guided by the research interests of
participating students. Topics include mathe-
matical and numerical techniques, repre-
sentational methodologies, and software
development.
L. B. Evans, P. /. Barton

10.977 Process Systems Engineering
(Revised Content and Units)

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminars on the state of the art in process sys-
tems engineering including: process develop-
ment and design; product design; process
operations monitoring, analysis, and control;
process simulation, planning, and scheduling;
environmental considerations; computer-aided
tools for analysis, design, optimization. Semi-
nars presented by doctoral students and visit-
ing scientists/engineers.
Geo. Stephanopoulos, G. J. McRae

10.978 Seminar in Applied Thermodynamics
and Applied Heat and Mass Transport_
Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Review of current topics in applied and
theoretical thermodynamics and transport.
Subjects include oxidation reactions and salt
solubility in supercritical water; phase equilibria
in gas hyd rate/clathrate systems; fundamental
processes in the thermal spallation of rock;
and applied research problems involving heat
and mass transfer in geological systems for
the recovery of resources and thermal energy.
J. W. Tester, J. G. Harris, J. B. Howard,
K. A. Smith

10.979 Plasma Processing

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Advanced topics in plasma processing used in
the fabrication of microelectronics. Emphasis
placed on topics of plasma kinetics, gas-solid
interactions, sputtering, and reactor design.
Discussions include current research in the
literature.
H. H. Sawin

10.980 Macrotransport Processes

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminar covering current research topics on
theoretical aspects of transport processes, con-
tinuum mechanics, and statistical mechanics.
Seminars given by graduate and postdoctoral
students, participating faculty, and guest
speakers.
H. Brenner

10.981 Seminar in Colloid and
Interface Science

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Review of current topics in colloid and inter-
face science. Topics include statistical
mechanics and thermodynamics of micellar
solutions and microemulsions; solubilization of
simple ions, amino acids, and proteins in
reversed micelles; enzymatic reactions in
reversed micelles; phase equilibria in colloidal
systems; interfacial phenomena in colloidal
systems; biomedical aspects of colloidal sys-
tems.
D. Blankschtein, T. A. Hatton

10.982 Special Topics in Separation Science

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Seminar involves in-depth study of selected
topics to give a fundamental grounding for ap-
plication to problems in separation science.
Possible topics include electrodynamics and
dielectric phenomena, irreversible ther-
modynamics, statistical mechanics.
T. A. Hatton

10.983 Reactive Processing of Materials

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Advanced topics in synthesis of materials
through processes involving transport
phenomena and chemical reactions. Chemical
vapor deposition, plasma processing, and
chemical vapor infiltration, modeling and ex-
perimental approaches to kinetics of gas
phase and surface reactions, transport
phenomena in complex systems, materials syn-
thesis, and materials characterization. Semi-
nars by graduate students, postdoctoral
associates, participating faculty, and visiting
lecturers.
K. F. Jensen
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10.984 Biomedical Applications of
Chemical Engineering

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Weekly seminar with lectures on current re-
search by graduate students, postdoctoral fel-
lows, and visiting scientists on topics related to
biomedical applications of chemical engineer-
ing. Specific topics include polymeric con-
trolled release technology, extracorporal
reactor design, biomedical polymers, bioen-
gineering aspects of pharmaceuticals, and
biomaterials/tissue and cell interactions.
R. Langer, L. Cima

10.985 Seminar in Combustion Chemistry

Prereq.: Permission of instructor
G (1,2)
2-0-4 [PIDIF]
Can be repeated for credit

Readings, presentations, and discussions of
selected, currently active research topics in
combustion chemistry. Examples include
chemistry and structure of flames, ther-
mochemical kinetics methods and calculations,
mathematical modeling and computer analysis
of reaction networks, experimental methods, in-
teractions of chemistry with transport and fluid
mechanics.
J. B. Howard

10.986 Gas-Solid Reactions

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [PIDIFJ
Can be repeated for credit

Review of current literature and research on
gas-solid reactions, with particular emphasis
on combustion, gasification, and gas absorp-
tion at high temperatures. Includes the
mechanisms and kinetics of gas-solid reac-
tions, the characterization of the structure and
modeling of diffusion in porous solids, aerosol
formation, and growth.
M. Flytzani-Stephanopoulos

10.987 Solid Thin Films and Interfaces

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Current research topics and fundamental is-
sues relating the structure and properties of
solid thin films and interfaces to processing his-
tory. Emphasis on applying analytical tech-
niques, such as solid-state NMR, to explore
the thermodynamics and kinetics of growth,
defect formation, and structural modification in-
curred during microelectronics fabrication.
K. K. Gleason

10.988 Synthesis and Surface Chemistry of
Materials
(New)
Prereq.: Permission of instructor
G (1, IAP, 2, S)
2-0-4 [P/D/F]
Can be repeated for credit

Lectures, readings, and discussions of novel
synthesis of advanced ceramic, catalytic,
electronic, and optical materials by physical
and chemical routes. Examines surface-struc-
ture-property relationships of ultrafine
materials. Utilizes process variables and spe-
cialized surface characterization techniques to
approach structure tailoring of materials. Open
to undergraduate students and UROP stu-
dents interested in these selected research
topics.
J. Y. Ying

10.989 Special Topics in Biotechnology

Prereq.: Permission of instructor
G (1, 2)
2-0-4 [P/D/F]
Can be repeated for credit

Research seminars, presented by graduate
students and visitors from industry and
academia, covering a broad range of topics of
current interest in biotechnology. Discussion
focuses on generic questions with potential
biotechnological applications and the quest for
solutions through a coordinated interdiscipli-
nary approach.
Gr. Stephanopoulos

10.990 Introduction to Chemical
Engineering Research

Prereq.: -
G (1)
3-0-3 [P/D/F]
Introduction to research in chemical engineer-
ing by faculty of chemical engineering depart-
ment. Focus is on recent developments and
research projects available to new graduate
students.
R. A. Brown

10.991 Seminar in Chemical
Engineering

Prereq.: Permission of instructor
G (1)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

10.992 Seminar in Chemical
Engineering

Prereq.: Permission of instructor
G (2)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For students working on doctoral theses.
R. A. Brown

10 ThG Graduate Thesis

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit
Program of graduate research, leading to the
writing of an S.M., Chem.E., Ph.D., or Sc.D.
thesis; to be arranged by the student and ap-
propriate MIT faculty member.
R. E. Cohen
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Course 11

Undergraduate Subjects

Introductory Subjects

11.001J Introduction to Urban Design and
Development

(Same subject as 4.250J)
Prereq.: -
U (1)
3-0-9 HASS

Examines both the structure of the cities and
ways that they can be changed. Includes his-
torical forces that have produced cities,
models of urban analysis, contemporary
theory of urban design, and implementation
strategies. A series of core lectures focuses on
student work. Speakers present cases, involv-
ing current projects, which illustrate the scope
and methods of urban design practice.
L. Vale

11.002 Introduction to Public Policy
Analysis and Government Action

Prereq.: -
U (2)
3-1-8 HASS

Presents major analytic techniques of public
policy analysis: deterministic and probabilistic
models, cost-benefit analysis, decision
analysis, linear programming. Class sessions
organized in order of main tasks of policy
analyst: identifying alternatives, implementa-
tion, evaluation. Compares alternative ap-
proaches to public policy analysis.
L. Bacow

11.004 The Professions

Prereq.: -
U (1)
2-0-7
Social/psychological appraisal of the world of
professionals. Explores professions as socio-
political constructions which have evolved in
response to societal needs. Attention to issues
of autonomy, claims to expertise, privileged
communications, ethics, political legitimation,
economic and ideological influences and rela-
tions of educational practices and technologi-
cal innovations to the creation and
perpetuation of social support for a profes-
sional enterprise.
M. Kahne

11.007J Controversies in Public Policy

(Same subject as 17.201J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

See description under subject 17.201J.
E. M. Immergut

11.008J Economic Structure of Cities

(Same subject as 14.51J)
Prereq.: 14.01, 14.02
U (1)
3-0-9 HASS

See description under subject 14.51J.
J. Rothenberg

11.009J Surveillance and Society

(Same subject as STS 077J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Considers some of the historical, political, so-
cial, ethical, legal, and policy issues around
the collection, analysis, retention, protection,
sharing, and use of information about in-
dividuals. Techniques considered: computer
dossiers, biometric devices, microphones,
video cameras, electronic monitoring, in-
formers, and undercover operatives. Attention
given to issues of secrecy, privacy, autonomy,
balancing liberty and order.
G. T. Marx

11.010 Medicine and Its Critics

Prereq.: -
U (2)
2-0-7
Problems of social planning and intervention
through the study of the professional behavior
of medical personnel. Help-seeking assump-
tions and behaviors of their clientele, and so-
cial judgments of professional observers and
political factions which comprise the world of
medicine.
M. Kahne

11.011 The Art and Science of Negotiation

Prereq.: -
U (1)
3-0-9 HASS

Drawing on lessons of game theory and
decision analysis, this subject presents a
strategic view of negotiation. The paradoxical
nature of bargaining power, coalition behavior,
and asymmetries of communication are closely
examined. The value (and limits) of this dis-
cipline are examined and critiqued in a variety
of real-world applications, including internation-
al conflict, environmental disputes, and plea-
bargaining. All students participate in a series
of simulations designed to sharpen their
analytic and creative skills.
M. Wheeler

11.012 Boston: The Evolving City

Prereq.: -
U (2)
3-0-6 HASS

Evolution of the city's form, character, social
geography, and service systems. Politics of
planning for urban development and improve-
ments to transportation systems and infrastruc-
ture. The metropolitan realm and emerging city
pattern. Consideration of the role of planner in
the development process. Critique of past
visions of the city as a platform for examining
possible city futures.
G. Hack

11.013J American Urban History I

(Same subject as 21H 231J)
Prereq.: -
U (1)
3-0-6 HASS

Seminar on the history of institutions and in-
stitutional change in urban America from
roughly 1890 to the present. Among the institu-
tions considered are political machines, police
departments, schools, courts, hospitals,
prisons, welfare departments, and universities.
Focuses on readings and discussions.
R. M. Fogelson

Urban Studies and
Planning

For degree requirements, see listing in
Chapter VII under the School of
Architecture and Planning.
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11.014J American Urban History 11

(Same subject as 21H 232J)
Prereq.: -
U (2)
3-0-6 HASS

Seminar on the history of selected features of
the physical environment of urban America.
Among the features considered are parks,
cemeteries, tenements, suburbs, zoos,
skyscrapers, department stores, super-
markets, and amusement parks. Focuses on
readings and discussions.
R. M. Fogelson

11.015J Riots, Strikes, and Conspiracies in
American History

(Same subject as 21H 104J)
Prereq.:
U (1)
3-0-9 HASS-D, Category 5

See description under subject 21 H 1 04J.
P. Maier, R. M. Fogelson

11.018 Solving the Infrastructure Crisis

Prereq.: -
U (1)
3-0-9 HASS

Examines the influence of infrastructure plan-
ning and development on cities and regions.
Identifies the political, physical, and economic
forces that influence the construction (and
maintenance) of roads, bridges, water and
sewer lines, etc. Considers different strategies
for repairing crumbling infrastructure, including
privatization.
P. Levy

11.019 Peace, Justice, and Development

(Subject meets with 11.440)
Prereq.: -
U (1)
2-0-4 [P/D/F]

Meets with graduate subject 11.440, but as-
signments differ. See description under 11.440.
M. King

11.020 Poverty, Insecurity, and the
Underclass

Prereq.: -
Acad Year 1994-95: U (1)
Acad Year 1995-96: Not offered
3-0-6
A seminar to examine recent literature on
poverty, economic insecurity, and the so-called
underclass in the US, and consider these is-
sues here in comparison with other advanced
industrial societies. Students prepare a paper
based on studies of communities, institutions,
or social policies that affect insecurity and low
income.
M. Rein

11.021J Planned Communities: Ideals and
Realities
(New)

(Same subject as 21H 233J)
Prereq.: -
U (2)
2-0-7 HASS

Readings and discussions about the concep-
tions of the good community in urban America
from the mid-nineteenth century to the late
twentieth. Among the types of communities
analyzed are residential suburbs, company
towns, model tenements, cooperative apart-
ments, new towns, undergraduate campuses,
and retirement villages. A term paper based
on primary sources is required.
L. Craig, R. Fogelson, B. Frieden

11.022J American Living Standards and
Income Inequality
(New)

(Same subject as 14.65J)
Prereq.: 14.01 or equivalent
U (2)
3-0-9 HASS

Provides students with an integrated overview
of the contemporary US economy, including
trends in living standards and income ine-
quality, productivity within the manufacturing
and service sectors, savings and investment,
the federal budget deficit, and the changing na-
ture of the poverty population. Applies recent
economic research and economic data sour-
ces to the study of current economic problems.
F. S. Levy

Specialized Subjects

11.100 Introduction to Technology and
Environmental Analysis

Prereq.: -
U (2)
3-0-6 HASS

Comparative analysis of technological impacts
on natural resources and the environment.
Case studies of oil drilling, coal mining, power
plant, dam, agricultural, automobile, and ar-
chitectural impacts on national and global air,
water, land, plant, and animal resources and
marine environments. Analytic frameworks in-
clude natural science, economic, political, prob-
lem solving, and design approaches.
P. Levy

11.101J Learning to Design and Designs
for Learning

(Same subject as 21 M 150J)
Prereq.: -
U (2)
3-6-3 HASS

See description under subject 21 M 150J.
D. Schon, J. S. Bamberger

11.102J Theories of Economic Development
(Revised Content)

(Same subject as 14.75J)
Prereq.: 14.02
U (1)
3-0-9 HASS

See description under subject 14.75J.
M. Kremer

11.104 Infrastructure in Developing
Countries
(New)

(Subject meets with 11.469J, 1.254J)
Prereq.: -
U (1)
3-0-9
Meets with graduate subject 11.469J, but as-
signments differ.
R. A. Gakenheimer

11.105 Organizing for Development and
Developing Organizations
(New)

(Subject meets with 11.401)
Prereq.: 11.200
U (2)
3-0-9
Meets with graduate subject 11.401, but as-
signments differ.
M. H. King, D. Schon

11.122 Environmental Policy and Regulation

Prereq.: -
U (1)
3-0-9 HASS

Evaluates the strengths and weaknesses of dif-
ferent ways in which the government can act
to protect the environment: pollution stand-
ards, marketable rights, taxes, and citizen em-
powerment. Emphasis on economic analysis,
but also compares other policy perspectives in-
cluding law and politics.
C. Ozawa

11.123 Big Plans
(Revised Content and Units)

Prereq.: -
U (1)
2-0-7 HASS

Explores social, technological, political,
economic, and cultural implications of "Big
Plans" - those that are vast in scale (whether
financially, geographically, or across functional
areas). Examples include the Brooklyn Bridge,
Boston Harbor Cleanup,Washington as a na-
tional capital, and housing plans in developing
countries.
B. Frieden
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11.124 Introduction to Teaching and
Learning
(New)
Prereq.: -
U (1)
3-6-3

Emphasis on teaching and learning in urban
settings. Concentrates on understanding the
child as knowledge constructor and on dif-
ferent approaches to curriculum design and as-
sessment. Students work through constructive
learning projects, analyze videotapes of pre-
college students engaged in similar projects,
and compare their own theories and problem-
solving strategies with those of younger stu-
dents. Participants analyze videotapes of
master math/science teachers working in the
classroom with students. Each student is
paired with an experienced middle- or high-
school teacher/mentor who attends the sub-
ject. Recommended for students considering
careers in teaching.
J. Bamberger, S. Carey

11.125 Observation and Analysis of
Classroom Settings
(New)

Prereq.: 11.124 or permission of instructor
U (2)
3-6-3

Five hours of observation in math and science
classrooms grades 6-12. Includes interpreta-
tion development, observation skills, log-keep-
ing, analysis and critiques of student
observations. High school teachers consult on
classroom management, discipline, learning
styles, administration, diverse communities.
Subject instructors, MIT Teaching Fellows, and
high school teachers meet with students to criti-
que logs and help design curriculum units for
classroom testing. Satisfies 75 hours of super-
vised classroom observation required for
Mass. teacher's certification.
J. Bamberger, A. Dyson

11.165 Courts and American Society

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Analyzes the historical evolution of the courts
in American society. Topics covered include
the debate over judicial activism, the role of
the courts as agents of social change, and the
American proclivity for litigation to resolve both
public and private disputes. Controversies ex-
amined include the abortion decisions, the
school desegregation cases, and the evolution
of the insanity defense.
L. Bacow, M. Wheeler

Laboratories

11.188 Social Research Methods

Prereq.: Permission of instructor
U (2)
3-6-3 Institute LAB

Introduces methods and process of social re-
search. Explores various qualitative and quan-
titative methods - surveys, case studies,
comparative research, statistical and spatial
analysis - in the context of specific research
topics. Emphasizes development of a research
project related to a real-world planning prob-
lem, selection of appropriate methods, and
use of primary and secondary data for spatial
analysis. Hands-on experience in interviewing
and conducting research work in the field.
J. Ferreira, Jr.

Tutorials, Fieldwork,
and Internships

11 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

11 URG Undergraduate Research
(New)

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Undergraduate research opportunities in
Urban Studies and Planning. For further infor-
mation, consult the Departmental Coordinators.
J. Ferreira, Jr.

11.191 Undergraduate Tutorial in Urban
Studies

Prereq.: -
U (1)
3-0-6
Can be repeated for credit

11.192 Undergraduate Tutorial in Urban
Studies

Prereq.: -
U (2)
3-0-6
Can be repeated for credit

Reading and discussion of special topics in
urban studies. By arrangement with individual
members of the staff.
L. Vale

11.193 Preparation for Undergraduate
Thesis

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Selects thesis subject, defines method of ap-
proach, and prepares preliminary thesis out-
line. Independent study, supplemented by
frequent individual conference with staff mem-
bers.
L. Vale

11.194 Special Topics in Urban Studies and
Planning

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

11.195 Special Topics in Urban Studies and
Planning

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Small-group study of special topics under staff
supervision. For undergraduates wishing to
pursue further study or fieldwork in specialized
areas of urban studies or city and regional
planning not covered in regular subjects of in-
struction.
L. Vale

11.196 Urban Fieldwork and Internships
Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Practical application of city and regional plan-
ning techniques to towns, cities, and regions,
including problems of replanning, redevelop-
ment, and renewal of existing communities. In-
cludes internships, under staff supervision, in
municipal and state agencies and departments
under staff supervision.
L. Vale

11.197, 11.198 IAP Special Studies in Urban
Studies and Planning
(New)

Prereq.: -
U (IAP)
Units arranged [P/D/F]
Can be repeated for credit

Planned subjects of instruction for use during
IAP only. 11.198 is letter-graded.
L. Vale
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Graduate Subjects

Core and Methods Subjects

11.200 Planning and Institutional Processes

Prereq.: Permission of instructor
G (1)
3-0-9
Basic paradigms and theories of planning prac-
tice. Evaluates historical and current develop-
ments in planning, with special emphasis on
the institutional setting of planning in American
society. Lectures, case studies, and compara-
tive analyses explore the changing roles of the
planner and the key dilemmas in planning prac-
tice. Focuses on strategies of institutional inter-
vention and implementation. Restricted to
first-year M.C.P. students.
L. C. Keyes

11.205 Planning Roles and Institutions in
Developing Countries

Prereq.: -
G (1)
3-0-9
The planning process in developing countries.
Interaction between planners and institutions
at both national and local levels. Overview of
theories of state, organizational arrangements,
implementation mechanisms, and planning
styles. Case studies of planning: decentraliza-
tion, provision of low-cost housing, and new-
town development. Analyzes various roles
planners play in different institutional contexts.
Professional ethics and values amidst conflict-
ing demands.
B. Sanyal

11.206 History of Planning Ideas

Prereq.: 11.205 or permission of instructor
G (2)
3-0-9

Advanced seminar critically reviews the role of
the state and public planning in developing
countries since the 1950s. Review is divided
into six subsections: the formative years
(1950-60); the beginning of disillusionment
(1965-70); critiques of planning by Marxists,
Anarchists, and new neo-classical economists
(1960-80); and, finally, newly emerging litera-
ture on the redefinition of the developmental
state and need for public planning.
B. Sanyal

11.210 Political Economy for Planners I
(Revised Content)

Prereq.: Permission of instructor
G (1)
4-2-6

Introduces economic analysis for planners em-
phasizing problems which are encountered in
professional education. Topics include basic
elements of economic theory, multiple perspec-
tives on the labor market, environmental is-
sues, productivity growth and restructuring,
income inequality, health care, and the new
location theory. Restricted to first-year MCP
students.
F. Levy

11.216 Writing for Public Policy
and Planning

Prereq.: -
G (1, 2)
2-2-4
Can be repeated for credit

Strategies for organizing and expressing ideas
in writing. Students draft and redraft projects of
their own choice, while sharpening their aware-
ness of the writing process through exercise
and feedback. Techniques for structuring
analytical presentations, making use of intui-
tion, anticipating reader response, and editing
for academic or professional audiences.
Limited to 15.
L. Dunlap

11.218 Housing Finance and Development
(Revised Content and Units)

Prereq.: -
G (2)
3-0-6
Prepares students to understand the basics of
real estate development and finance; to estab-
lish an analytic framework within which real es-
tate development can be framed and
managed; and to recognize the varied objec-
tives of the key public and private actors in the
real estate development process. Places par-
ticular emphasis on residential development.
Taught as a mix of case discussions, lectures,
and exercises.
P. Clay

11.220 Quantitative Reasoning and
Statistical Methods for Planning I

Prereq.: Permission of instructor
G (1)
4-2-6

Develops logical, empirically based arguments
using statistical techniques and analytic
methods. Covers elementary statistics, prob-
ability, and other types of quantitative reason-
ing useful for description; estimation,
comparison, and explanation. Emphasizes the
use and limitations of analytical techniques in
planning practice. Restricted to first-year
M.C.P. students.
M. D. Schuster

11.221 Quantitative Reasoning and
Statistical Methods for Planning 11

Prereq.: 11.220
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-2-6

Using the analytical skills developed in 11.220,
this subject extends the statistical techniques
to address topics in modeling and forecasting.
Emphasizes the use and limitation of modeling
in planning practice. Covers techniques of mul-
tiple regression and time series analysis. Uses
data sets from actual planning applications for
examples and problem sets.
Consult Department Headquarters.

11.224 Impact Assessment Techniques

Prereq.: 11.220
G (2)
3-0-6 H-LEVEL Grad Credit

Methods for predicting and evaluating impact
of development, stressing predictive tech-
niques for use by public officials without formal
training in quantitative methods. Uses both
computer-based modeling and non-quantita-
tive techniques as aids in evaluation of alterna-
tives. Includes traffic, fiscal, employment, and
visual impacts.
P. B. Herr

11.227 Introduction to Computers in Public
Management

Prereq.: 11.220
G (1)
2-2-2

Basic understanding of microcomputer uses in
planning and public management. Develop
problem-solving skills using computer-based
tools for "what-if" analyses. Emphasis on con-
structing, running, and interpreting various
analytic models and spatial analyses using
spreadsheets, database management, and
mapping. Introductions to geographic informa-
tion systems and structured programming.
J. Ferreira, Jr.

Intermediate Methods Subjects

11.234 Making Sense: Qualitative Methods
in Environmental Design

Prereq.: -
G (2)
2-4-6

Surveys uses of qualitative methods in environ-
mental design practice and research. Topics in-
clude: observing environments and physical
traces, observing environmental behavior,
asking questions, focused interviews, stand-
ardized questionnaires, use of written archival
materials, use of visual materials including
photographs and maps, case studies, and
comparative methods. Emphasizes use of
each of these skills to collect and make sense
of qualitative data.
L. Vale
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11.235 Analyzing Projects and
Organizations

Prereq.: -
G (2)
2-4-6

Seminar builds analytic skills in finding as-
sumptions in what organizations say about
themselves and transforming them into
hypotheses for field evaluation: 1) using proxy
indicators where data are poor and time is
short; 2) preparing for, conducting, and inter-
preting interviews; 3) conducting cross-project
and cross-organization comparisons; and 4)
seeing the rationality in seemingly chaotic or-
ganizational and project environments.
Desirable for students preparing for Master's
or Ph.D. theses.
J. Tendler

11.236 Income Distribution and Poverty

Prereq.: 11.210, 11.220, or equivalent
G (2)
2-0-7
Analysis of income distribution and poverty
problems, drawing on material for both
developing countries and the US. Topics in-
clude theories and empirical analysis of size
distributions of income and wealth, questions
of who benefits from economic development,
functional and class distributions, models of
labor markets, discrimination, and poverty.
L. Taylor

11.252J Legal Issues in the Development
Process

(Same subject as 15.658J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Reviews the legal issues that arise in the
course of acquiring, managing, and developing
real estate. Topics covered include purchase
and sale agreements, organization of the
ownership entity, financing, contracting,
federal income taxation of real estate, fiduciary
relationships, leasing, and workouts.
L. Bacow

Environmental Planning
and Design

11.301J Urban Design and Development

(Same subject as 4.252J)
Prereq.: Permission of instructor
G (1)
3-0-9
Examines both the structure of cities and ways
they can be changed. Includes historical forces
that have produced cities, models of urban
analysis, contemporary theories of urban
design, implementation strategies. Core lec-
tures supplemented by discussion group focus-
ing on student work. Speakers present cases
involving current projects illustrating the scope
and methods of urban design practice.
G. Hack

11.302J Urban Design Politics

(Same subject as 4.253J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Examines ways urban design contributes to
distribution of political power and resources in
cities. Investigates the nature of relations be-
tween built form and political purposes through
close study of a wide variety of situations
where public sector design commissions and
planning processes have been clearly
motivated by political pressures. Lectures and
discussions focus on specific case studies of
twentieth-century government-sponsored
designs carried out under diverse regimes in
the United States, Europe, and elsewhere.
L. Vale

11.303J Design for Urban Development

(Same subject as 4.254J)
Prereq.: 11.218
G (2)
2-4-6 H-LEVEL Grad Credit

Focuses on development programming and
design and the integration of marketing and
finance with physical planning. Two studio
projects interspersed with lectures, field trips,
and short sketch problems. Offers students a
perspective on the role of the architectural
designer in the development process.
D. Frenchman

11.304J Site and Urban Systems Planning

(Same subject as 4.255J)
Prereq.: Permission of instructor
G (2)
2-2-5

The planning of sites and the infrastructure sys-
tems which serve them. Site analysis, spatial
organization of uses on sites, design of road-
ways and subdivision patterns, grading plans,
utility systems, analysis of runoff, parking re-
quirements, traffic and off-site impacts,
landscaping. Lectures on analytical techniques
and examples of good site-planning practice.
Assignments on each aspect of subject.
G. Hack

11.329J User Needs Programming
(New)

(Same subject as 4.266J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

A combination seminar and practicum in
design programming. Combines readings and
discussions on how to collect, select, and or-
ganize user information for use in the planning
and design process. Students are placed with
architecture firms, public or private community
agencies that have active projects requiring as-
sistance to inform their plans and designs.
S. C. Howell

11.330J Theory of City Form

(Same subject as 4.241J)
Prereq.: 11.001 or 4.252J or 11.301J
G (2)
Units arranged H-LEVEL Grad Credit

See description under subject 4.241J.
J. Beinart

11.331J Advanced Seminar in City Form
(New)

(Same subject as 4.242J)
Prereq.: 4.241J, 11.330J
G (1)
Units arranged H-LEVEL Grad Credit

See description under subject 4.242J.
J. Beinart

11.332J Urban Design

(Same subject as 4.163J)
Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

See description under subject 4.163J.
Staff

11.334J Ecological Approaches to
Environmental Problem Solving

(Same subject as SP 472J)
Prereq.: -
G (2)
2-1-7

Specific environmental and public health
problems analyzed from three perspectives:
how contamination and threats to health occur;
what technical solutions exist to minimize
these risks; and whether or not environmental
policies protect against the risks and help
shape solutions to them. Problems to be
analyzed may include pesticides, biotech-
nologies, aquifer contamination, solid waste,
global warming, and infertility.
Consult Department Headquarters.
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11.335J Cities of Tomorrow

(Same subject as 4.245J)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Research seminar on the future of urban
design, to focus on developing a realistic
projection of the organization, function, and
form of cities, based on an analysis of contem-
porary trends. Review of historical efforts in
the tradition of predicting urban change.
Analysis of contemporary urban design
projects and proposals. Supplemented by read-
ings and speakers in parallel fields likely to
have impact on urban form, including informa-
tion processing, communications, entertain-
ment.
D. Frenchman

11.336J Sites and Development Prototypes

(Same subject as 4.246J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Analysis of sites in terms of land form, natural
systems, access, and other factors affecting
suitability for development. Approaches to plan-
ning sites. Survey of functional, economic, and
aesthetic issues in evolution of development
prototypes: housing, offices, retail uses, mixed-
use developments, recreation and leisure
developments, planned communities.
G. Hack

11.337J Environmental Design Policy and
Action

(Same subject as 4.247J)
Prereq. - -
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Seminar on ways that governments influence
the quality of environmental design. Focuses
on the success and failure of methods for
achieving urban design objectives through
various public policy mechanisms: incentives,
standards and regulations, owning and operat-
ing, creation and enforcement of legal rights,
and information-based strategies. Students
complete a research project.
J. M. D. Schuster

11.338J Design Research Seminar

(Same subject as 4.276J)
Prereq.: -
G (1, 2)
2-0-7 H-LEVEL Grad Credit

See description under subject 4.276J.
D. A. Schon, E. Ackermann, W. L. Porter

11.360 Community Growth and Land Use
Planning

Prereq.: 11.200
G (1)
3-0-9 H-LEVEL Grad Credit

Seminar and fieldwork on strategies of plan-
ning and control for growth and land use, chief-
ly at the municipal level. Growth and its local
consequences; land use planning approaches;
implementation tools including innovative
zoning, subdivision controls, infrastructure sys-
tems, and fiscal techniques. Projects arranged
with small teams serving municipal clients.
P. B. Herr

11.361 Environmental Policy and Regulation

Prereq.: -
G (1)
3-0-9
Examines the role of government in environ-
mental protection. Economic analysis is em-
phasized, but other policy frames are
considered. Traces evolution of US environ-
mental policy from command/control, citizen
empowerment, to current interest in market
manipulation.
M. Wheeler

11.362 Environmental Management

Prereq.: 11.361
G (2)
3-0-6 H-LEVEL Grad Credit

Analyzes national, state, and regional efforts
to plan for the allocation and use of environ-
mental resources. Discussions focus on
strengths and weaknesses of traditional plan-
ning and regulatory mechanisms. Political
obstacles to plan implementation and
strategies for citizens' participation in environ-
mental policy making receive special attention.
Students prepare in-depth case studies of
reforms and management strategies.
L. E. Susskind

11.363J Chemicals in the Environment:
Policy and Management

(Same subject as TPP 54J)
Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

Examines public policy questions concerning
production and disposal of hazardous sub-
stances. Introduction to strategies for risk as-
sessment, risk management, risk
communication, and the privatization of regula-
tion. Through case studies of standard setting,
facility siting, and superfund cleanup efforts,
students learn techniques of policy analysis
and public management as they apply to haz-
ardous substances.
C. P. Ozawa, L. E. Susskind, J. R. Ehrenfeld

11.364 International Environmental
Negotiation

Prereq.: 11.361, 11.362, 11.550
G (1)
3-0-6 H-LEVEL Grad Credit

This is the fourth subject in the Environmental
Policy and Planning sequence. Seminar looks
at problems of managing common resources,
difficulties of achieving transboundary pollution
control, and the dilemmas of regional har-
monization of environmental protection stand-
ards (particularly in Europe). At the core of
these problems are issues of how best to struc-
ture international negotiations. Focuses espe-
cially on problems of representation voting,
linkage, and enforcement.
L. E. Susskind

11.365J Environmental Management of the
Coast

(Same subject as 13.98J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 13.98J.
J. T. Kildow

11.366 Comparative Environmental and
Natural Resource Policies

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6
Comparative analysis of natural resource and
environmental policies in advanced and less-
developed countries. Cases include oil, natural
gas, fisheries, water quality, acid rain, and port
management. Analyses explain policy choices
in terms of international and comparative na-
tional, political, and economic factors. Seminar
format including student presentations.
Consult Department Headquarters.

11.367 The Law and Politics of Land Use

Prereq.: 11.252 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Analysis of local and state power to regulate
land use and development, particularly the
evolution of zoning as the basis for modern en-
vironmental controls. Emphasis on the way in
which legal rights and procedures not only
reflect political power and values, but also
shape informal negotiations among property
owners, regulators, abutters, and other citizen
groups over development issues. Site-specific
disputes and controversies over broader policy
both considered, as well as innovative
methods for resolving them.
M. Wheeler
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11.380J Urban Transportation Planning

(Same subject as 1.252J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Various concepts, planning processes, and
skills to solve urban transportation problems.
Discussion of federal programs. Applications
emphasize current concerns for congestion al-
leviation by various techniques of traffic
management and demand management. Intro-
duces geographic information systems-based
software. Intelligent vehicle and highway sys-
tems. Transportation impacts, intergovernmen-
tal problems.
R. A. Gakenheimer, F. Salvucci, T. Humphrey

11.381 J Public Transportation Service and
Operations Planning

(Same subject as 1.258J)
Prereq.: 1.201 or permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 1.258J.
N. H. M. Wilson

11.382J Transit Management

(Same subject as 1.259J)
Prereq.: 1.258J or permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 1.259J.
N. H. M. Wilson, F. Salvucci

Community and Regional
DeVelopment

11.401 Organizing for Development and
Developing Organizations

(Subject meets with 11.105)
Prereq.: 11.200
G (2)
3-0-9 H-LEVEL Grad Credit

What distinguishes better- from worse-perform-
ing community organizations? What deter-
mines an organization's effectiveness,
adaptability, and value to its community? Con-
centrates on organizations based in Boston's
South End, studying how certain of these
came into being, evolved in response to crises,
and are now managing their issues of survival
and adaptation. Begins with the historical back-
ground of the South End and its organizations,
goes on to examine relevant organization
theory, and then concentrates on three main
cases. Students choose a particular topic for
field research and the final sessions are
devoted to discussion of these projects.
M. H. King, D. Schon

11.410J Spatial Economics of Cities and
Regions
(Revised Content)

(Same subject as 14.573J, 1.283J)
Prereq.: 14.03 or 14.04
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 14.573J.
W. Wheaton

11.412 Public Sector Economics for
Planners
(New)

Prereq.: 11.210
G (1)
3-0-9
Develops basic concepts of public finance
theory, including public goods, externalities,
tax incidence, and distributional equity, as they
apply to decentralized government institutions
in today's changing fiscal environment. Focus
is on revenue generation, service provision,
and intergovernmental fiscal relations. Options
for improving state and local government per-
formance through tax reform, increased cost
recovery, and alternative service delivery arran-
gements, such as private sector involvement in
traditional "public" sector functions, are con-
sidered.
P. Smoke

11.417J Socialist Economies Under
Transition

(Same subject as 4.257J)
Prereq.: 11.210 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

A critical survey of the various reforms being
made in economic and physical planning in
socialist countries. Major emphasis given to
those being made in the Union of Soviet
Socialist Republics and the People's Republic
of China.
K. Polenske

11.420J Housing and Urban Policy
(Revised Units)

(Same subject as 4.256J)
Prereq.: 11.200 or 4.144
G (2)
3-0-6 H-LEVEL Grad Credit

Analysis of housing markets, consumption, in-
vestment, and policy. Techniques of neighbor-
hood planning, including such issues as
analysis of problem definition, program design,
organizational issues, and strategic planning at
the neighborhood level. Case studies of hous-
ing and neighborhood projects.
P. L. Clay

11.421 Housing and Human Services

Prereq.: 11.454
G (2)
2-0-7 H-LEVEL Grad Credit

Focuses on how the housing and human ser-
vice systems interact: the conflicts and con-
gruities in practice. Explores ways in which the
differing world views, professional perspec-
tives, and institutional needs of the two sys-
tems play out operationally. Part I establishes
the nature of the action frames of these two
systems. Part I applies these insights to par-
ticular vulnerable groups: "at risk" households
in transitional housing, the chronically mentally
ill, and the frail elderly.
L. C. Keyes, M. Rein

11.422J Gender, Social Change, and
Planning

(Same subject as SP 473J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
Seminars draw on comparative case studies
from the US and developing countries in order
to 1) evaluate alternative approaches to
analyzing gender systems and social change,
and 2) examine how a gender-informed
analysis can illuminate a range of planning is-
sues such as housing, employment, poverty,
community development, and the environ-
ment. Open to advanced undergraduates with
consent of the instructor.
J. Conway

11.423 Labor Markets and Employment:
International and Comparative Issues

Prereq.: 11.210 or permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Alternative theories of the changing organiza-
tion work in different regions of the world
economy. Uses comparative case studies to
examine the connections between labor
arrangements and structural change.
Consult Department Headquarters.

11.424 The Community Development
Practicum
(New)

Prereq.: 11.454
G (2)
2-2-8 H-LEVEL Grad Credit

Designed as an integrative professional prac-
tice experience for students in housing, com-
munity, or economic development. Practicum
involves working with a client on a project that
utilizes several practice skills, including prob-
lem framing, organizational or environmental
assessment, financial analysis, and develop-
ment. Relevant public policy issues are also ex-
plored. Projects alternate between a focus on
housing and economic development. The
class prepares a project report for the client.
P Clay
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11.431J Real Estate Finance and
Investment

(Same subject as 15.426J)
Prereq.: 11.218
G (1)
4-3-8 H-LEVEL Grad Credit

Concepts and techniques for analyzing finan-
cial decisions in property development and in-
vestment processes. Includes pro forma
analysis, equity valuation, discounted cash
flow analysis, Federal tax analysis, debt and
equity financing alternative, and an introduc-
tion to deal structuring. Considers both private-
and public-sector perspectives.
M. Louargand

11.433J Real Estate Economics

(Same subject as 15.021J)
Prereq.: 14.01 or 15.011
G (2)
4-0-8 H-LEVEL Grad Credit

Focuses on developing an understanding of
the factors that shape and influence markets
for real property. Includes demographic
analysis, patterns of regional growth, construc-
tion cycles, urban location theory, and model-
ing techniques for predicting demand.
W. C. Wheaton

11.435 Introduction to Economic
Development Planning in the US

Prereq.: 11.210 or 14.64 or 14.671 or 14.74
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6
Theoretical foundations of economic develop-
ment processes in capitalist economies. De-
pendent development and internal colonialism.
History of economic development policy in the
US since the New Deal. Interregional/interna-
tional conflicts over development policy. Criti-
cal assessment of plans for community
economic development, city- or state-level
programs, national policies for "reindustrializa-
tion."
Consult Department Headquarters.

11.437 Financing Community Economic
Development

Prereq.: -
G (1)
3-0-9
Examines roles of capital in the community
economic development process, the adequacy
of traditional capital markets and financial in-
stitutions in meeting capital needs of small and
community-based businesses, and ways
governments and communities can increase
the flow of capital to community economic
development projects.
R. Schramm

11.438 Community Enterprise Development
and Finance

Prereq.: -
G (2)
2-0-4 [P/D/F]

Examines development and finance of forms
of business and non-profit organizations that
play important roles in community develop-
ment. Introduces accounting, finance, or-
ganization, marketing, and planning
information and methods needed when
developing and supporting community
enterprises. Emphasis on problem sets and
case studies. Half-semester subject.
R. Schramm

11.439 Methods of City Development

Prereq.: -
G (2)
2-0-6 H-LEVEL Grad Credit

Focuses on public sector roles in stimulating
and managing city development. Examines
changing trends in public-private relationships,
with specific cases drawn mostly from
downtown projects. Analyzes interaction be-
tween government agencies and private
developers in planning, financing, and im-
plementing projects, with attention to political
and economic factors.
B. J. Frieden

11.440 Peace, Justice, and Development

(Subject meets with 11.019)
Prereq.: -
G (1)
2-0-4 [P/D/Fl

Explores relationship of issues of peace, jus-
tice, and development. Development is dis-
cussed in human terms. The roles of leaders
as planned politicians and education or-
ganizers in giving voice and participating in
change is examined. Students look at their
roles personally - in groups, and as part of a
nation, state in the world. Meets with under-
graduate subject 11.019, but assignments dif-
fer.
M. King

11.441 Issues in Community Development

Prereq.: Permission of instructor
G (1)
3-2-4

Centers on current issues in community
development: values, ideology, tactics,
models, and alternative strategies. Seminar for-
mat is organized around students' planning
projects, and focuses primarily on problem
framing from an interdisciplinary perspective.
Designed for the Community Fellows Program;
students working on thesis or community-
based projects admitted by permission.
M. H. King

11.442 Strategies in Community
Development

Prereq.: 11.441
G (2)
3-2-4

Continuation of 11.441. Focuses on alternative
intervention strategies in community-based
development. Seminar format is organized
around students' planning projects, and
centers on a review of relevant practice in the
field, on formulation of both a detailed interven-
tion strategy, project finding, and effectiveness
evaluation plans. Designed for the Community
Fellows Program; students working on thesis
or community-based projects admitted by per-
mission.
M. H. King

11.445 Community Development in Urban
Neighborhoods

Prereq.: Permission of instructor
G (2)
3-0-6
Politics of community-oriented economic
development, focusing on oppressed groups in
large cities. The problems of increasing politi-
cal and economic power of ghetto residents.
Consult M. H. King.

11.446 Political Economy of Race and
Ethnicity

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
Examines alternative views on the political
economy of race and ethnicity; history of
colonization and oppression of people of color;
immigration and Latinos in the US economy; in-
stitutions reproducing inequality and persistent
poverty in communities of color; and the role of
public policy in correcting racial and ethnic ine-
quality.
Consult Department Headquarters.

11.454 Introduction to Housing and
Community Development

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Examines central issues in housing policy and
community development as currently debated
and as they have emerged historically in the
national, state, and local contexts. Provides
the foundation for more detailed work in hous-
ing, finance, production, market analysis, and
policy development. Topics are low-income
housing strategies, homelessness, community
economic development, neighborhood busi-
ness development, and public housing. Cur-
rent efforts to develop a creative national
housing policy for the post-Reagan era provide
the "case study" for the elements under ex-
ploration.
R. Schramm, L. C. Keyes
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Developing Areas

11.462 Housing Problems, Goals, and
Policies in Developing Countries

Prereq.: -
G (2)
3-0-9
Focuses on how the definition of housing
problems, requirements, and goals affects
design and management of national policies
and handling of issues related to land taxation,
financing, building processes, self-help,
tenure, and existing stock of housing. Con-
cerned with price and subsidy policy and
linkages between housing and national
development strategies. Examined from
several standpoints, including the paradigms
of the mixed economy and of Marxism.
B. Sanyal, 0. Razzaz

11.463J Structuring Low-income Housing
Projects in Developing Countries

(Same subject as 4.213J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 4.21 3J.
R. Goethert

11.464 The Informal Sector and the
Household Economy

Prereq.: 11.200
G (2)
3-0-9 H-LEVEL Grad Credit

Examines interrelationships among low-in-
come households, small-scale, income-
generating activities, and the urban economy
in developing countries. Theories of employ-
ment and an analysis of "bazaar economies"
looked at. Reviews policy options for enhanc-
ing the informal sector's contribution to
development. The role of women and the pos-
sibilities of nonmonetary activities explored.
B. Sanyal

11.465J Special Interest Group in Urban
Settlements: SIGUS Workshops

(Same subject as 4.215J)
Prereq.: Permission of instructor
G (2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

See description under subject 4.215J.
R. A. Gakenheimer, B. Sanyal, R. Goethert

11.468 The Implementation of Metropolitan
Planning in Developing Countries

Prereq.: Permission of instructor
G (2)
3-0-9
Techniques for implementing housing, land
development, and other urban programs.
Tools include regulation, financing methods,
programming, design of organizations, use of
"terms of reference." Cases of planning and
decision making; roles of planning in implemen-
tation. Conducted jointly with Harvard
Graduate School of Design.
R. A. Gakenheimer

11.469J Infrastructure in Developing
Countries

(Same subject as 1.254J, 11.104)
Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Planning for transport, water supply,
sewerage, etc. Summarizes the technologies
but emphasizes the planning process and
decision points within that are important to
planned objectives. Deals with patterns of con-
sumption, strategies of problems analysis,
technology choices, equity questions, pricing,
finance, building viable public-sector institu-
tions, privatization, relationships between tech-
nocrats and politicians, roles of interest
groups. Meets with undergraduate subject
11.104, but assignments differ.
R. A. Gakenheimer

11.471 Political Economy of Development
Projects: Targeting the Poor

Prereq.: -
G (2)
3-0-9
Covers impacts of various types of projects on
income distribution; difficulties of assuring that
project benefits reach the poor; types of
projects, tasks, and environments that are con-
ducive to equitable outcomes; roles of par-
ticipation in helping organizations (including
co-ops) to reach the poor and carry out
projects more or less effectively; and the ability
of nongovernmental organizations to "do better
than the public sector" at serving the poor.
J. Tendler

11.472 Institutional Perspectives on
Third-World Development

Prereq.: 11.471 or permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-7 H-LEVEL Grad Credit

Outside researchers present papers on empiri-
cal studies relating to development experience
of the last decade, focusing on the role of the
state and its interactions with those affected by
government policy and programs. Class meets
once a week, with research presentations
every two weeks. Class sessions help stu-
dents conceptualize and carry out research of
an institutional nature, discussing questions
raised by the papers, sometimes with the
presenters there.
J. Tendler

11.481 Regional Economic Accounts,
Theories, and Techniques

Prereq.: 14.03, 14.04
G (2)
3-0-9 H-LEVEL Grad Credit

Surveys the basic accounting frameworks,
theories, and techniques used in regional and
multiregional economic analyses. Emphasizes
the aspects of each relevant to their use in pro-
gram impact and distribution studies. Uses
problem sets (some microcomputer-based) to
illustrate the different accounts, theories, and
techniques.
K. R. Polenske

11.482 Regional Socioeconomic Impact
Analyses and Modeling
(Revised Content)

Prereq.: 11.481 or permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Reviews regional economic theories and tech-
niques and provides students with experience
in using alternative economic impact assess-
ment models on microcomputers. First two
problem sets are oriented around infrastruc-
ture investments and environmental issues in
Massachusetts. Students may select their own
set of data and region for the third problem set.
K. R. Polenske

11.483 Theories of Political Economy and
Planning for Developing Countries

Prereq.: 11.486J or permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Seminar covers major analytical frameworks of
theories of political economy for developing
countries, from both the neoclassical and Marx-
ian perspectives. Key literature reviewed in-
cludes theories of growth, dualism, and
psychological/cultural models; theories of im-
perialism, underdevelopment, dependency,
and unequal exchange; growth pole, New Inter-
national Economic Order, self-reliance, and
basic-needs development strategies.
K. R. Polenske

11.484 Project Evaluation and Planning in
Developing Countries
(Revised Content)

Prereq.: 11.205
G (2)
3-0-9
Examines techniques and procedures relevant
for project planning and implementation in
developing countries, including project iden-
tification, feasibility analysis, design and im-
plementation monitoring. Considers how to
evaluate economic and distributive effects of
completed or ongoing development projects.
Specific attention given to how institutional set-
ting and other practical influences affect the
use of conventional analytical tools.
P_ Smoke
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11.486J Theories of Economic Development

(Same subject as 14.778J)
Prereq.: 11.210
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6
An overview of economists' theories of the
development process: neoclassical, struc-
turalist, and Marxist approaches. Includes na-
tional economic accounting and a sketch of
planning models; long-run theories of growth
and income distribution; short-run macro-
economics and stabilization; global macro-
economics, trade issues, and debt; technology
and industrial strategy; agriculture and the
food system; household economics, regional
economics.
Staff

11.487 Public Finance in Developing
Countries
(Revised Content)

Prereq.: 11.205 and 11.412 or permission of in-
structor
G (2)
3-0-9 H-LEVEL Grad Credit

Analysis of the structure and operation of
government systems in developing countries,
with particular emphasis on regional and local
governments. Major topics include: the role of
decentralization in national economic reform
programs; the potential impact of decentral-
ized governments on local economic develop-
ment; determination of optimal arrangements
for sharing fiscal responsibilities among levels
of government; evaluation of local revenue
and expenditure decisions; and assessment of
prospects and options for intergovernmental
fiscal reform. Emphasis on basic economic
concerns, with consideration given to political,
institutional, and cultural factors.
P. Smoke

11.488J Politics, Technology, and
Public Policy in the Middle East

(Same subject as 17.558J, 1.255J, 21H 977J,
STS 509J)
Prereq.: --
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.558J.
N. Choucri, P. S. Khoury, F. Moavenzadeh,
L. Trilling

11.489J Technological Development,
Business, and Political Change in the
Middle East

(Same subject as 17.560J, 1.256J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.560J.
F. Moavenzadeh, N. Choucri, L. Trilling,
K. Keniston, P. S. Khoury

11.490J Reconstruction in the Middle
East

(Same subject as 1.417J)
Prereq.: Permission of instructor
G (2)
2-0-7 H-LEVEL Grad Credit

An interdisciplinary subject on socio-economic
as well as technological concerns in
reconstruction needs of the Middle East. Em-
phasis on reconstruction of Lebanon. Issues
covered include: socio-cultural, economic,
finance, population, infrastructure, and hous-
ing.
R. Gakenheimer, F. Moavenzadeh

Public Policy and Management

11.505 Seminar on Nonprofit Institutions
and the City

Prereq.: 11.200 or 11.205 or 11.230
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
2-0-7 H-LEVEL Grad Credit

Seminar on the nature and roles of nonprofit in-
stitutions. Emphasizes three themes: 1) the
theory of nonprofit institutions (why is there a
need for the third "sector" in addition to the
private and public sectors?), 2) the relation-
ships between nonprofit institutions and the
state, and 3) issues in the management and
operation of nonprofits. Topics vary each year.
Students complete a major research project.
J. M. D. Schuster, M. Rein

11.507 Perspectives on Labor Markets

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-7
Divided into three sections: (1) review of major
transformations of labor markets of industrial
societies; (2) exploration of main theoretical
perspectives for understanding these transfor-
mations (neo-classical, Marxist, and institution-
al); (3) critical review of the capacity of these
perspectives to yield an adequate interpreta-
tion of changes in the labor market.
M. Rein

11.508J Public Policy and Human
Resources

(Same subject as 15.677J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.677J.
P. Osterman

11.509 The Policy-Making Process

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-7
Focuses on the process by which public policy
is made. Organized as a cooperative venture
by students and intended to build on their inter-
est in and knowledge of different policy
arenas. The readings include case studies of
policy making and attempts by authors to
describe the process by which public policy is
made. The intent is to help students develop
their own perspective on this process.
M. Rein

11.510 Discourse on Social Policy

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-7
Explores an alternative to the dominant "ration-
al actor" model of policy analysis and em-
phasizes the shaping of the policy-making
process through the framing and reframing of
policy discourse. Attempts to place the
dominant model and the alternative in the con-
text of a larger debate on positivism in the so-
cial sciences and a varied body of
interdisciplinary work on "discourse analysis."
M. Rein

11.520J A Workshop on Geographic
Information Systems

(Same subject as 1.211J)
Prereq.: 1.201 or 11.220, 1.00 or 11.227
G (2)
3-2-7

Examines the potential use of Geographic In-
formation Systems in land-use planning,
transportation planning, and town government.
Subject format is a studio setting with a local
town government as a client. Begins with
theory and use of GIS technology. Students
select one of two middle segments focusing on
a) a user-needs assessment and the develop-
ment of skills in interview techniques, case
studies, and unobtrusive measures; or b) the
design of appropriate land use and transporta-
tion models. The third segment integrates the
work of both groups in developing the
prototype GIS.
J. Ferreira, Jr., D. Bernstein

11.521 Computer-Based Analysis for Public
Management

Prereq.: 11.227
G (1)
3-2-7 H-LEVEL Grad Credit

Extends the computer and analytic skills
developed in 11.227 to more advanced topics
and problems. Includes advanced database
management concepts and applications of
SQL (Structured Query Language). Computer-
implemented models for improved public
management are studied, including decision
support and geographic information systems.
J. Ferreira, Jr.
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11.522 Research Seminar on Planning
Decision Support Systems

Prereq.: 11.227, 11.520, or 11.521
G (1)
3-2-7 H-LEVEL Grad Credit
Can be repeated for credit

Advanced seminar extends computer and
analytic skills developed in the other subjects
in this sequence into a research environment.
Students present a structured discussion of a
journal article representative of current re-
search in Planning Decision Support Systems,
and complete an approved short research
project. Suggested research projects include
topics related to ongoing research projects of
the Computer Resource Laboratory.
J. Ferreira, Jr.

11.526J Logistical and Transportation
Planning Methods

(Same subject as 1.203J, 6.281J, 13.665J,
15.073J, 16.76J)
Prereq.: 6.431, 15.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.203J.
A. /. Barnett, R. C. Larson, A. R. Odoni

11.550 Bargaining, Negotiation, and Dispute
Resolution in the Public Sector

Prereq.: -
G (1)
3-0-6
Investigates social conflict and distributional
disputes in the public sector. While theoretical
aspects of conflict are considered, focus is on
the practice of dispute resolution. Com-
parisons between unassisted and assisted
negotiation are reviewed along with the tech-
niques of facilitation, negotiation, and nonbind-
ing arbitration.
L. E. Susskind

11.551 Comparative Studies of Negotiation
and Dispute Resolution

Prereq.: 11.550 or permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Advanced research seminar open only to
qualified graduate students. Focus on cross-
cultural and cross-group analysis of institution-
al barriers to effective dispute resolution.
Students are expected to prepare detailed
comparative case studies.
L. E. Susskind

11.552 Research Seminar on Theory-
Building in Negotiation and Dispute
Resolution

Prereq.: 11.550 or permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Advanced research seminar open only to
qualified graduate students. Focus is on cross-
disciplinary contributions to the theory of
negotiation and dispute resolution. Students
are expected to prepare in-depth theory-build-
ing case studies.
L. E. Susskind

Doctoral Seminars

11.800 Doctoral Research Paper

Prereq.: Permission of instructor
G (1, 2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Required subject for all entering Ph.D. stu-
dents. Main focus is on formulating re-
searchable questions. Designed to help
students write their first-year papers.
M. Rein, Staff

11.900 Doctoral Proseminars

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Designed primarily for advanced doctoral can-
didates. A selection of Proseminars is offered
each year for groups of students affiliated with
the various research clusters in the Depart-
ment.
P. Clay

Tutorials, Research, and
Fieldwork Subjects

11.901 Research Seminar: Topics in Urban
Studies and Planning

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

11.902 Research Seminar: Topics in Urban
Studies and Planning

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Special research issues in urban planning,
selected each term for special study. Open to
graduate students with permission of instructor.
P. Clay

11.911 Reading Seminar in Urban Studies
and Planning

Prereq.: Permission of instructor
G (1)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

11.912 Reading Seminar in Urban Studies
and Planning

Prereq.: Permission of instructor
G (2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Reading and discussion of special topics in
urban studies and planning.
P. Clay

11.921, 11.922 Special Seminars in Real
Estate Development

Prereq.: -
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study by graduate stu-
dents on current topics related to real estate
not otherwise included in the curriculum.
Consult W. Wheaton.

11.932 Preparation for Thesis

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Selection of thesis subject, definition of
method of approach, and preparation of
preliminary thesis outline. Independent study,
supplemented by frequent individual con-
ference with staff members. Restricted to doc-
toral candidates.
P. Clay

11.941-11.955 Special Studies in Urban
Studies and Planning

Prereq.: -
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Small-group study of advanced subjects under
staff supervision. For graduate students wish-
ing to pursue further study in advanced areas
of urban studies and city and regional planning
not covered in regular subjects of instruction.
11.941 is taught P/D/F.
P. Clay

11.956-11.957 IAP Special Studies in Urban
Studies and Planning

Prereq.: Permission of instructor
G (lAP)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Planned subjects of instruction for use during
lAP only.
P. Clay

11.958-11.959 IAP Special Studies in Urban
Studies and Planning

Prereq.: Permission of instructor
G (IAP)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Planned subjects of instruction for use during
IAP only.
P. Clay
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11.962 Urban Fieldwork and Internships
Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Practical application of planning techniques to
towns, cities, and regions, including problems
of replanning, redevelopment, and renewal of
existing communities. Includes internships,
under staff supervision, in municipal and state
agencies and departments.
P. Clay

11.981 Graduate Tutorial

Prereq.: -
G (1)
Units arranged
Can be repeated for credit

11.982 Graduate Tutorial

Prereq.: -
G (2)
Units arranged
Can be repeated for credit

Planned programs of individual instruction. Stu-
dents and faculty members must make ar-
rangements prior to the beginning of the term.
P. Clay



Department of Earth, Atmospheric, and Planetary Sciences (Course 12) 111D

Course 12 Earth, Atmospheric, and
Planetary Sciences

For degree requirements, see listing in
Chapter VII under the School of Science.

Undergraduate Subjects

12 UR Undergraduate Research

Prereq.: -
U (1, lAP, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

12 URG Undergraduate Research
(New)

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

Undergraduate research opportunities in
Earth, Atmospheric, and Planetary Sciences.
Consult R. E. Newell and Department Head-
quarters.

12 IND Independent Study

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

Independent reading, laboratory, or fieldwork
in Earth, Atmospheric, and Planetary Scien-
ces. Requires written report. To be arranged
by student and an appropriate MIT faculty
member. Consult Department Headquarters.

12 ThU Undergraduate Thesis

Prereq.: -
U (1, lAP, 2, S)
Units arranged
Can be repeated for credit

Program of undergraduate research, leading
to the writing of a thesis; to be arranged by the
student and an appropriate MIT faculty mem-
ber. Consult Department Headquarters.

Core and General Science
Subjects

12.001 Introduction to Geology

Prereq.: -
U (2)
3-4-5 REST

Major rock-forming minerals, rock-forming
processes, and rock types. Geologic structures
and relationships observable in the field.
Geologic time scale, dating of rocks by fossil
and isotopic methods. Sediment movement
and landform development by moving water,
wind, and ice. Crustal processes and evolution
in terms of global plate tectonics. Geologic his-
tory of the continents, with emphasis on North
America. Laboratories on minerals, rocks, fos-
sils, and mapping. Two nonrequired one-day
field trips.
J. B. Southard

12.002 Physics and Chemistry of the Solid
Earth

Prereq.: 8.02, 18.02
U (1)
3-1-8 REST

Study of the Earth's structure, composition,
and physical processes. Introduction to plate
tectonics, earthquakes, seismic waves, and
rheology. The Earth's gravity and magnetic
fields, heat flux, and thermal structure. Plates
as thermal and chemical boundary layers.
Mantle convection, properties of the Earth's
deep interior, geomagnetism, core dynamics.
Employs classical mechanics, electromag-
netism, some elementary differential equa-
tions. Suitable for majors and non-majors
seeking general background in geophysics
and Earth structure.
C. J. Marone, T. H. Jordan

12.003 Physics of the Fluid Earth

Prereq.: 18.02, 8.01
U (1)
3-3-6 REST

The laws of mechanics and thermodynamics
are applied to develop fundamental physical
concepts that guide our understanding of the
structure and motion of the atmosphere and
ocean; hydrostatic and geostrophic balance,
dry and moist thermodynamics, stability and in-
stability, conservation of circulation, and an-
gular momentum. These principles are
illustrated by discussion of phenomena such
as cyclones, anticyclones, hurricanes and
thunderstorms in the atmosphere; water mas-
ses, thermohaline circulation, eddies and rings
in the ocean. A laboratory acquaints the stu-
dent with atmospheric and oceanographic data.
J. Marshall

12.004 Introduction to Planetary Science
(Revised Content)

Prereq.: 8.02, 18.03
U (1)
3-0-9
Study of the solar system with emphasis on
physical processes. Topics include:
meteorites, orbital dynamics, asteroids, impact
craters, surfaces, atmospheres, atmospheric
dynamics, interiors, magnetospheres, rings,
comets, formation of the solar system.
T. Dowling

12.005 Applications of Continuum
Mechanics to Earth, Atmospheric, and
Planetary Sciences

Prereq.: 8.02, 18.02, 18.03
U (2)
3-0-9

Practical applications of the continuum con-
cept for deformation of solids and fluids, em-
phasizing force balance. Stress tensor,
infinitesimal and finite strain, and rotation ten-
sors developed. Constitutive relations ap-
plicable to geological materials, including
elastic, viscous, brittle, and plastic deforma-
tion. Solutions to classical problems in
geodynamics, physical oceanography, and at-
mospheric sciences.
B. H. Hager
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12.006 Chaos and Complexity

Prereq.: 18.03, 8.02
U (1)
3-0-9

Introduction to the theory and phenomenology
of nonlinear dynamics and chaos in dissipative
systems. Forced and parametric oscillators.
Phase space. Periodic, quasiperiodic, and
aperiodic flows. Sensitivity to initial conditions
and strange attractors. Lorenz attractor. Period
doubling, intermittency, and quasiperiodicity.
Universality. Analysis of experimental data:
Fourier transforms, Poincare sections, fractal
dimension, and Lyapunov exponents. Applica-
tions drawn from fluid dynamics, physics,
geophysics, and chemistry.
D. H. Rothman

Geology and Geochemistry

12.100 Chemistry and Physics of Minerals
and Rocks

Prereq.: -
U (2)
3-4-5

Introduces geochemistry, mineralogy, and
petrology. Properties of common rock-forming
minerals: their crystal chemistry, structures,
and stabilities. Evolution of igneous, sedimen-
tary, and metamorphic rocks and of associated
ore deposits. Laboratory work focuses on iden-
tification and paragenesis of the most sig-
nificant minerals and rock types. Two field trips
during laboratory classes.
R. G. Burns

12.102 Environmental Earth Science
(New)

Prereq.: -
U (1)
3-0-9 REST

The geologic record demonstrates that our en-
vironment has changed over a variety of time
scales from seconds to billions of years. Ex-
plores the many ways in which geologic
processes control and modify the Earth's en-
vironment. Topics include: chemical and physi-
cal interactions between the solid Earth, its
oceans and atmosphere; the effect of
catastrophic events such as volcanic eruptions
and earthquakes on the environment; geologic
hazards; and our role in modifying the environ-
ment through earth resource development.
S. A. Bowring, J. B. Southard

12.110 Introduction to Sedimentology and
Stratigraphy

Prereq.: 12.001
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-3-6
Texture of clastic sediments. Sedimentary
minerals. Petrology of siliciclastic rocks.
Modern carbonate depositional environments
and sediments; petrology of carbonate rocks.
Survey of other sedimentary rocks: chert,
ironstone, coal, evaporites. Sedimentary struc-
tures. Diagenesis. Principles and techniques of
interpreting ancient environments. Modern con-
cepts of stratigraphy. Sedimentary basins.
Laboratory work on major rock types using
hand specimens and thin sections. One
weekend field trip.
J. B. Southard, J. P. Grotzinger

12.111 Sedimentology in the Field

Prereq.: 12.110
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-6-3

Introduction to techniques of sedimentologic
and stratigraphic field work: examination and
description of sedimentary rocks; description
and measurement of stratigraphic sections;
analysis of vertical succession of facies and
lithologic units. Introductory classroom and
laboratory work early in the semester, followed
by intensive fieldwork during a part of spring
vacation with subsequent data analysis and
cooperative report preparation.
J. B. Southard, J. P. Grotzinger

12.113 Structural Geology

Prereq.: 12.001, 12.005
U (1)
3-3-6

Introduces mechanics of rock deformation. Dis-
cusses recognition, interpretation, and
mechanics of faults, folds, structural features
of igneous and metamorphic rocks, and super-
posed deformations. Introduces regional struc-
tural geology and tectonics. Laboratory
includes techniques of structural analysis,
recognition and interpretation of structures on
geologic maps, and construction of interpretive
cross sections.
B. C. Burchfiel

12.114 Field Geology I

Prereq.: 12.100, 12.113
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
2-2-2

Introduces techniques of geological field study.
Several weekend field exercises provide practi-
cal experience in preparation for 12.115.
Presents, in addition, introductory material on
the regional geology of the locale of 12.115.
B. C. Burchfiel, J. P. Grotzinger, K. V. Hodges,
L. H. Royden

12.115 Field Geology 11

Prereq.: 12.113, 12.114
Acad Year 1993-94: U (IAP, 2)
Acad Year 1994-95: Not offered
0-18-0 Institute LAB
During January, practices methods of modern
geological field study during an intensive four-
week excursion. Exercises include geological
mapping on topographic and photographic
base maps, correlating geochemical and
geophysical field measurements with geology,
examining and sampling a wide variety of
geological features. Following term includes 1)
preparation of reports based on field studies
conducted during January, and 2) laboratory
analysis of samples, interpretation of geologi-
cal, geophysical, and geochemical data. 12
units may be applied to the General Institute
Laboratory Requirement.
B. C. Burchfiel, J. P. Grotzinger, K. V. Hodges,
L. H. Royden

12.117 Petrology I

Prereq.: 12.100; 3.00 or 5.60
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-6-6

Principles of optical mineralogy, emphasizing
use of petrographic microscope for identifica-
tion of minerals in rock-thin sections and
mineral grain mounts. Introduces ther-
modynamics of heterogeneous-phase equi-
libria and its application to experimental and
natural rock systems. Introduces experimental
silicate systems. Surveys igneous rocks, em-
phasizing distribution, composition, mineral as-
sociations, origin, and relationship to tectonic
environment.
T. L. Grove

12.118 Petrology II
Prereq.: 12.117
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-6-3
Continuation of 12.117. Introduces mineral
facies concept and graphical representation of
metamorphic mineral associations.
Petrographic examination of metamorphic
rocks in thin section. Interpreting metamorphic
rock paragenesis through application of ex-
perimental petrology to natural rock systems.
Relationship of metamorphic rock associations
to plate tectonic environment.
K. V. Hodges
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12.119 Analysis of Geological Materials

Prereq.: 12.100
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
2-6-4 Institute LAB

Methods for determining the chemical composi-
tion of geologic materials. Analytical tech-
niques include X-ray fluorescence, neutron
activation, atomic absorption, mass
spectrometry, electron microprobe, experimen-
tal petrology, Mossbauer, and other absorption
spectral methods. Laboratory projects utilize
these techniques to solve specific geologic
problems.
F. A. Frey, R. G. Burns, T. L. Grove

Geophysics

12.213 Alternate Energy Sources
(New)

Prereq.: -
U (lAP)
1-4-1 [P/D/F]
Can be repeated for credit

Explores a number of alternative energy sour-
ces such as geothermal energy (heat from the
Earth's interior), wind, natural gas, and solar
energy. Includes a field trip to visit sites where
alternative energy is being harvested or
generated. Content and focus of subject varies
from year to year.
M. N. Toksbz, R. Mackie

12.214 Environmental Geophysics
(New)

Prereq.: 18.03
U (2)
3-3-6

Introduction to basic geophysical methods that
can be used for environmental site charac-
terization and shallow geological investiga-
tions. Techniques include seismic, electrical,
and electromagnetic sounding; ground
penetrating radar, magnetics, gravity, and
borehole geophysics. Lectures emphasize
basic principles and a physical understanding
of the geophysical methods with environmen-
tal applications in mind. Some specific case
histories are included. A few weekends of field
measurements at representative local sites are
included. A weekly lab session covers model-
ing and interpretation of geophysical field data.
M. N. Toksoz, T. R. Madden

12.220 Fundamentals of Modern Geodesy

Prereq.: 8.01, 18.02
U (1)
3-0-9
Covers the problems of making measurements
of positions on the surface of the Earth, and
the impact of the structure of the Earth and its
atmosphere on these measurements. Topics
include the principles of space geodetic meas-
urements, applications of estimation theory, at-
mospheric refraction, the rotation of the Earth,
and the nature of measurement errors. Em-
phasis on quasi-geometric techniques.
T. A. Herring, C. C. Counselman ///

12.221 Geophysical Application of the
Global Positioning System
(Revised Units)

Prereq.: -
U (IAP)
1-4-1 [P/D/F]

Introduction to the science of accurate deter-
mination of a position on Earth using radio sig-
nals from satellites, or the Global Positioning
System (GPS). Uses GPS to address, specifi-
cally, earthquake risk and prediction. Includes
a field trip of three to four days duration.
T. A. Herring, B. H. Hager, R. King

Meteorology and Oceanography

12.300 Global Change Science

Prereq.: 18.03; 5.60 or 10.13
U (1)
3-0-9
Introduces the basic relevant principles and
concepts in marine and atmospheric chemistry
and physics, climate dynamics, and
biogeochemistry through an examination of
three current problems in the global environ-
ment: 1) carbon dioxide and global warming,
2) chlorofluorocarbons and ozone, and 3) acid
rain. An introduction to global environmental
problems for students in basic sciences and
engineering.
R. G. Prinn, E. A. Boyle, P. H. Stone

12.301 Past and Present Climate

(Subject meets with 12.840)
Prereq.: 8.02
U (1)
3-0-9
Meets with graduate subject 12.840, but as-
signments differ. See description under subject
12.840.
R. E. Newell

12.302J Water in the Global Environment

(Same subject as 1.705J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
See description under subject 1.705J.
D. Entekhabi

12.304 Climate Change: Past, Present, and
Future
(Revised Units)

Prereq.: -
U (2)
3-0-9
Through the technological advance of modern
society, the human race has become a sig-
nificant factor influencing global changes in the
Earth's environment and climate. Subject in-
vestigates the geologic record of climate
change, emphasizing how such knowledge
can constrain present-day thinking about (and
predictive models of) future climate change.
Covers climate change variations from the for-
mation of the Earth's early atmosphere 4.6 bil-
lion years ago, to the ice ages, to the
temperature trends in this century.
M. E. Raymo

12.305 Global Atmospheric Pollution
(New)

Prereq.: 8.02
U (2)
2-0-4
Increasing industrial activity has produced pol-
lution patterns now detectable world-wide. Sub-
ject introduces the various techniques used to
distinguish among various sources of pollution
such as industrial production, volcanic activity,
and biomass burning. Topics include: global
budgets, sources, sinks, and transports of
anthropogenic and natural atmospheric trace
constituents, and the oceanic biosphere. Data
are presented from aircraft, satellite, and
ground-based observations.
R. E. Newell

12.310 An Introduction to Weather
Forecasting
(New)

Prereq.: 8.01, 18.01
U (IAP)
1-1-4 [P/D/F]

Basic principles of synoptic meteorology and
weather forecasting. Analysis of hourly
weather data and numerical weather predic-
tion models. Regular preparation of weather
forecasts.
K. //ari

12.311 Experimental Oceanography
(New)

Prereq.: -
U (IAP)
2-2-2 [P/D/F]
Can be repeated for credit

An intensive introduction to the experimental
aspects of oceanography, specifically in the
areas of marine geology and geophysics,
physical oceanography, and chemical
oceanography. Includes participation in a re-
search cruise. Content varies from year to year.
M. McNutt, J. Marshall, J. Edmond, WHO! Staff



114D School of Science

12.320J Introduction to Hydrology

(Same subject as 1.71J)
Prereq.: 1.05 or equivalent
U (1)
4-0-8
See description under subject 1.71J.
D. Entekhabi, R. L. Bras

Planetary Science and Astronomy

12.400 The Solar System

Prereq.: 8.01
U (1)
3-0-9 REST

Introduction to the study of the solar system
with emphasis on the latest spacecraft results.
Subject covers basic principles rather than
detailed mathematical and physical models.
Topics include an overview of the solar sys-
tem, planetary orbits, rings, planetary forma-
tion, meterorites, asteroids, comets, planetary
surfaces and cratering, planetary interiors,
planetary atmospheres, and life in the solar
system.
R. P. Binzel

12.401 Beyond the Solar System
(New)

Prereq.: -
U (2)
2-2-5

Our solar system's place in the universe and
how we know it, taught by a combination of
conventional lectures and hands-on work with
small telescopes and computers. The forma-
tion, evolution, and death of stars and
galaxies. The origins of the chemical elements.
Quasars and black holes. Radiation and
gravitation. Relativity and cosmology. The
physics of modern astronomical observations
C. C. Counselman, H. B. Hammel

12.410J Observational Techniques of
Optical Astronomy

(Same subject as 8.287J)
Prereq.: One subject in Astronomy or
Astrophysics
U (1)
2-4-6 Institute LAB

Fundamental physical and optical principles
used for astronomical measurements at visible
wavelengths and practical methods of
astronomical observations. Topics: astronomi-
cal coordinates, time, geometrical optics, tele-
scopes, photomultipliers and other detectors,
photon counting, signal-to-noise ratios, data
analysis (including least-squares model fitting),
limitations imposed by the Earth's atmosphere
on optical observations, photography, CCDs
photometry, spectroscopy, and time variability.
Project at Wallace Astrophysical Observatory.
J. L. Elliot

12.411 Astronomy Field Camp

Prereq.: 12.410J or 8.287J
U (IAP)
0-6-0 [P/D/F]
Can be repeated for credit

Supervised research at Lowell Observatory in
Flagstaff, Arizona. Individual projects using the
Lowell 1.1 meter and 1.8 meter telescopes. Ex-
tensive data analysis. Written report required.
Enrollment limited.
R. P. Binzel, J. L. Elliot

12.412 Advanced Astronomical Techniques

Prereq.: 12.410J or 8.287J; permission of in-
structor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
Can be repeated for credit

Students learn advanced astronomical tech-
niques such as image processing of data ob-
tained with charged-coupled device (CCD)
detectors and are responsible for developing
and carrying out a short-term research project.
The primary tool is the IRAF image analysis
software package developed by the National
Optical Astronomical Observatories. Regular
seminar meetings introduce image-processing
techniques and include discussion of the
progress of research projects. Requires a writ-
ten report on the project.
R. P. Binzel

12.421 Exploration of the Solar System

Prereq.: 8.03; 12.004 or 12.400
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9

Spacecraft and Earth-based remote sensing
techniques used to study planets, satellites,
rings, minor planets, and comets. Techniques
covered include ultraviolet, optical, and in-
frared photometry; radar; stellar and radio oc-
cultations; spectroscopy, and in situ
measurements. Recent results from the Mars
Observer, Voyager, and Magellan spacecraft
emphasized.
G. H. Pettengill

Graduate Subjects

12 ThG Graduate Thesis

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research, leading to the
writing of an S.M., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate
MIT faculty member. Consult Department
Headquarters.

12W ThG Graduate Thesis

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research, leading to the
writing of an S.M., Ph.D., or Sc.D. thesis; to be
arranged by the student and an appropriate
MIT/WHOI faculty member. For students
registered in MIT/WHOI Joint Program in
Oceanography. Consult Department Head-
quarters.

Geology and Geochemistry

12.450 Seminar in Geology and
Geochemistry

Prereq.: 12.100
G (1)
2-0-4 [P/D/F] H-LEVEL Grad Credit

Fall seminar on topics of current interest in
geology and geochemistry. Required back-
ground preparation for students taking pre-doc-
toral general examinations in these subjects.
R. G. Bums, K. V. Hodges

12.451 Seminar in Regional Tectonics

Prereq.: Permission of instructor
G (1, 2)
3-0-6 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Applies techniques of tectonic synthesis to
study the roles of particular orogenic belts in
global plate tectonics. Treats different applica-
tions in different terms, so that the subject may
be taken repeatedly to learn the range of
orogenic responses to temporal and spatial
variations of activity at plate boundaries.
B. C. Burchfiel, J. P. Grotzinger, K. V. Hodges,
L. H. Royden

12.452 Mechanics of Sedimentary
Processes

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Aspects of turbulent-flow mechanics relevant
to sediment movement. Mechanics of sedi-
ment erosion, transportation, and deposition:
modes of particle entrainment and motion in
turbulent shear flows; sediment-bed configura-
tions; erosion and deposition of cohesive sedi-
ments. Sediment gravity flows; sorting of
sediments by particle size and density. Inter-
pretation of primary structures and textures in
modern and ancient sedimentary deposits on
the basis of sediment-transportation
mechanics.
J. B. Southard
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12.453 Crosby Lectures in Geology

Prereq.: Permission of instructor
G (1, 2)
3-0-6 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

A series of presentations on an advanced
topic in the field of geology by the visiting Wil-
liam Otis Crosby lecturer. The Crosby lec-
tureship is awarded to a distinguished
international scientist each year to introduce
new scientific perspectives to the MIT com-
munity. Subject content and structure vary
from year to year. Consult department head-
quarters for additional information.

12.455 Megascopic Strain Analysis in
Orogenic Belts
Prereq.: 12.113
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Introductior to modern techniques used to es-
timate the magnitude of strain in orogenic
belts. Emphasis on megascopic strain
analysis. Includes 1) methods of determining
sense of shear in various structural settings; 2)
the construction of 2D-balanced structural sec-
tions; 3) the construction of 3D structural sec-
tions; and 4) graphical reconstruction of 2D
and 3D sections to pre-deformational con-
figurations.
K. V. Hodges

12.456 Seminar in Rock Mechanics

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Discussion of current research or advanced
topics in continental tectonics, rock mechanics,
or experimental structural geology.
B. Evans

12.457 Sedimentary Basins

Prereq.: 18.03, 12.113
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Formation and evolution of basin systems in
continental crust (including passive continental
margins, foredeep acretionary basins, back-
arc type basins, intraplate rifts, etc.) are ex-
amined with regard to tectonic settings,
structural and sedimentary features, and deep
lithospheric processes. Case studies of
several sedimentary basins of each type.
L. H. Royden, J. P. Grotzinger

12.458 Methods and Applications of
Stratigraphic and Sedimentologic
Analysis

Prereq.: 12.110
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-3-6 H-LEVEL Grad Credit

Techniques in stratigraphic correlation. Se-
quence stratigraphy, paleobathymetric
reconstructions, and sea-level fluctuations.
Stratigraphic reconstructions of sedimentary
basins and their interpretation. Origin and inter-
pretation of stratification and other sedimen-
tary structures. Paleoflow interpretation. Use of
paleocurrent analysis and sediment
provenance determination in basin analysis.
Backstripping and synthetic modeling of
stratigraphic sequences. One weekend field
trip. Alternate years.
J. P. Grotzinger, J. B. Southard

12.459 Field Investigations of Complex
Depositional Systems

Prereq.: 12.111, 12.458
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-6-3 H-LEVEL Grad Credit

In-depth examination of sedimentary deposi-
tional systems utilizing concepts of sequence
stratigraphy, process sedimentology, and com-
parisons with actualistic sedimentologic
models.
J. P. Grotzinger, J. B. Southard

12.460-12.461 Special Problems in
Geology-Geochemistry

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in geology, petrology, mineral-
ogy or geochemistry. 12.460 is letter-graded.
Geology and Geochemistry Staff

12.474 Origin and Evolution of the Earth's
Crust
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Broad overview of the origin and evolution of
Earth's crust and mantle with emphasis on the
study of the Precambrian rock record. Topics
include: processes of crustal growth, stabiliza-
tion, and reactivation; evaluation of secular
change; and use of radiogenic isotopes in
geochronology and as tracers of crust forming
processes.
S. Bowring

12.475 Global Plate Tectonics

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

First half covers basic elements of plate tec-
tonics, including sea floor spreading, magnetic
anomalies, and subduction zone. Second half
covers implications of plate tectonics for con-
tinental processes, including continental rifting,
continental collision, and mountain building.
Emphasis will be on correlating plate tectonic
and continental processes using specific ex-
amples from around the world.
B. C. Burchfiel, L. H. Royden

12.476 Radiogenic Isotope Geology

Prereq.: Permission of instructor, 12.100
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Applications of the variations in the relative
abundance of radiogenic isotopes to problems
of petrology, geochemistry, and tectonics.
Topics: geochronology; isotopic evolution of
earth's crust and mantle, petrogenesis, analyti-
cal techniques.
S. Bowring

12.477 Geochemistry of the Transition
Elements

Prereq.: 3.091, 12.100
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Applications of resonance spectroscopic tech-
niques to the study of energy levels and bond-
ing of first-series transition elements in
minerals. Theory and applications of
M6ssbauer, EXAFS, XANES, EPR, ESCA,
Auger, and electronic absorption spectroscopy
to minerals in the earth and planetary sciences.
R. G. Burns

12.478 Pressure-Temperature-Time
Evolution of Orogenic Belts
Prereq.: 3.01 or 5.60; 12.118, 18.03
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Multidisciplinary introduction to modern tech-
niques used to analyze burial and uplift his-
tories of metamorphic terrains. Includes 1)
geochronologic systems; 2) closure tempera-
ture theory and the use of geochronologic sys-
tems as thermochronometers; 3)
geothermometry and geobarometry; 4) ther-
modynamic modeling of P-T paths; 5) thermal
structure of orogenic belts, with emphasis on
characteristic length scales and time scales for
thermal events; 6) geophysical analysis of
burial and uplift trajectories for metamorphic
terrains.
K. V. Hodges, L. H. Royden
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12.479 Trace-Element Geochemistry

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Focuses on element distribution in rocks and
minerals using data obtained from natural and
experimental systems. Emphasizes models
describing trace-element partitioning and ap-
plications of trace-element geochemistry to
problems in igneous geology.
F. A. Frey

12.480 Advanced Igneous Petrology

Prereq.: 5.60 or 3.00
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-3-6 H-LEVEL Grad Credit

Thermodynamics, experimental phase equi-
libria, and kinetics combined to infer the physi-
cal conditions of igneous rock crystallization
and magma production. Uses results of ex-
perimental studies to constrain processes that
control magma genesis and give rise to the
diversity of igneous rocks. Discusses theoreti-
cal approaches to thermometry-barometry
techniques involving solid/solid and mineralAiq-
uid reactions, kinetic controls on crystallization,
and properties of silicate melts.
T. L. Grove

12.481 Advanced Field Geology I

Prereq.: 12.100, 12.113, 12.114, 12.115,
12.116
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
2-2-2 H-LEVEL Grad Credit
Can be repeated for credit

Introduction to the problems to be investigated
in 12.482, as well as the regional setting and
local geology of the field area. Various special
techniques may be introduced and preparatory
investigations may be conducted that are
specific to the area to be studied in 12.482.
B. C. Burchfiel, J. P. Grotzinger, K. V. Hodges,
L. H. Royden

12.482 Advanced Field Geology 11
Prereq.: 12.481
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (IAP, 2)
0-18-0 H-LEVEL Grad Credit
Can be repeated for credit

In January, a geological study of a selected
field area is conducted during a four-week ex-
cursion. The following term includes 1)
preparation of maps and report based on field
study conducted in January, and 2) laboratory
analysis of samples.
B. C. Burchfiel, J. P. Grotzinger, K. V. Hodges,
L. H. Royden

12.490-12.491 Advanced Seminar in
Geology and Geochemistry

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Problems of current interest in geology and
geochemistry. Subject matter varies from term
to term. 12.490 is letter-graded.
Geology and Geochemistry Staff

Geophysics

12.501 Essentials of Geophysics

Prereq.: 8.02, 18.03
G (1)
4-0-8 H-LEVEL Grad Credit

Overview of basic topics in solid-earth
geophysics, such as the Earth's rotation,
precessions and wobble, gravity and magnetic
fields, seismology, and thermal structure. For-
mulation of physical principles presented in
three 1-hour lectures per week. Current ap-
plications discussed in an additional 1.5-hour
tutorial each week.
M. K. McNutt

12.509 Earthquakes and Faulting
(New)

Prereq.: 12.005, 18.03
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Multidisciplinary introduction to the principles
of fault and earthquake mechanics. Overview
of brittle fracture, macroscopic failure criteria,
effective stress laws, friction laws. Fault
mechanics. Fault development and the state of
stress, fault nucleation, and growth. Fault
rocks and structures, the strength and rheol-
ogy of faults. Seismotectonics. Introduction to
the physics of earthquake rupture. Instability
conditions, dynamic energy balance, quantifica-
tion of earthquakes, earthquake source
parameters and scaling laws. The seismic
cycle, earthquake prediction.
C. J. Marone

12.510 Elements of Seismology

Prereq.: 18.075 or 18.085
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-1-8 H-LEVEL Grad Credit

A basic subject in seismology and the utiliza-
tion of seismic waves for the study of the
Earth's interior. Introduces techniques neces-
sary for understanding of elastic wave
propagation in layered media. Seismic-ray
theory and interpretation of travel times. Sur-
face-wave dispersion and layered media. Seis-
micity, earthquake magnitude, moment, and
source properties.
M. N. Toks6z

12.511 Low-Frequency Seismology

Prereq.: 8.06, 18.076
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Seismological theory and methods based on
the representation of the displacement field as
a superposition of normal modes. Equations of
motion; Rayleigh's Principle; perturbation
theory; attenuation. Excitation formulae; the in-
verse problem of source structure. Traveling-
wave representation; asymptotic expansions;
surface and body waves. Free oscillations of a
rotating, laterally heterogeneous earth; the in-
verse problem for 3-D Earth structure.
T. H. Jordan

12.512 High-Frequency Seismology

Prereq.: 8.06, 18.076
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Seismological theory and methods based on
high-frequency approximations to transient dis-
placement fields. Elastodynamic equations;
representation theorems; moment-tensor rep-
resentation; radiation patterns. Propagator and
reflectivity methods; WKBJ and Langer ap-
proximations. Ray theory; Fermat's Principle;
travel-time curves for spherically symmetric
media. Radon transforms; inversion of travel
times for Earth structure; seismic tomography.
T. H. Jordan

12.515 Inverse Problems in Geophysics

Prereq.: 18.075 or 18.085
G (1)
3-0-6 H-LEVEL Grad Credit

Problems of determining physical parameters
of the Earth's interior from surface observation
of wave and potential fields. Alternative
methods and linear analysis of parameter sen-
sitivity and data-error effects. Stochastic
models of parameter fluctuations. Exact inver-
sion methods for one-dimensional problems.
Migration and migration-like procedures for in-
version.
T. R. Madden

12.518J Sonar, Radar and Seismic Signal
Processing I
(Revised Content)

(Same subject as 13.741J, 6.455J)
Prereq.: 2.02 or 6.003, 6.041, 18.075 or 18.085
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 13.741J.
A. B. Baggeroer, J. R. Fricke
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12.519J Sonar, Radar and Seismic Signal
Processing 11
(Revised Content)

(Same subject as 13.742J, 6.456J)
Prereq.: 13.741J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-1-8 H-LEVEL Grad Credit

Alternate years. See description under subject
13.742J.
A. B. Baggeroer, J. R. Fricke

12.520 Geodynamics

Prereq.: 12.005; 18.075 or 18.085
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Mechanics of deformation of the crust and
mantle, with emphasis on the importance of dif-
ferent rheological descriptions. Coupling be-
tween mantle convection and crustal
deformation. The driving mechanism for plate
motions.
B. H. Hager

12.522 Geological Fluid Mechanics

Prereq.: 8.03; 18.076 or 18.085
G (1)
3-0-9 H-LEVEL Grad Credit

Treats heat transfer and fluid mechanics in the
Earth. Low Reynolds number flows, convec-
tion instability, and double diffusion. Non-New-
tonian flows, flow in porous media, and the
interaction of flows with accreting and deform-
ing boundaries. Applications include the flow
under plates, postglacial rebound, diapirism,
and the mantle convection problem.
(Woods Hole Staff): J. A. Whitehead

12.524 Mechanical Properties of Rocks

Prereq.: 8.03, 18.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

A survey of the mechanical behavior of rocks
in natural geologic situations. Topics: brief sur-
vey of field evidence of rock deformation,
physics of plastic deformation in minerals, brit-
tle fracture and sliding, and pressure-solution
processes. Results of field petrologic and struc-
tural studies compared to data from experimen-
tal structural geology.
B. Evans

12.528 Topics in Nonlinear Dynamics of
Dissipative Systems

Prereq.: 8.03, 18.03, 18.06
G (2)
3-0-9 H-LEVEL Grad Credit

A detailed introduction to selected advanced
topics in the nonlinear dynamics of high-dimen-
sional, spatially extended dissipative systems.
Includes discussions of basic theory and
phenomenology in addition to various numeri-
cal methods useful for computational studies.
Areas of study include fluid dynamics, fracture,
phase transitions, percolation, and growth.
Analysis of simple models of dynamical sys-
tems, including flow through porous media.
Cellular automata. Discussion of current litera-
ture, with emphasis on geophysical applica-
tions.
D. H. Rothman

12.530 Geoelectricity

Prereq.: 8.03; 18.076 or 18.085
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Electrical properties of Earth's crust and
mantle and application of electrical measure-
ments to a variety of geological and geophysi-
cal problems, both practical and impractical.
Subject matterincludes electrical properties of
porous media and high-temperature conduc-
tion in minerals. Applications include electrical
and electromagnetic measurements to inves-
tigate rock types, mineral emplacements, fluid
flows, earth strains, and mantle temperatures.
Alternate years.
T. R. Madden

12.532 Geomagnetism

Prereq.: 8.03; 18.076 or 18.085
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Surveys magnetic and electromagnetic proper-
ties and processes in the Earth's environment.
Plasma environment of Earth's magneto-
sphere and ionosphere and electromagnetic
wave and particle phenomena occurring there-
in. Electric properties of the Earth's interior.
Magnetohydrodynamic origin of magnetic
fields of Earth and other astronomical bodies.
Alternate years.
T. R. Madden

12.540 Principles of Global Positioning
System

Prereq.: 8.01, 18.02, 18.06
G (2)
3-1-8 H-LEVEL Grad Credit

The principles and applications of the Global
Positioning System (GPS) and other space
geodetic systems, including very-long-baseline
interferometry (VLBI) and satellite laser rang-
ing (SLR). The nature and uses of the course
acquisition (CA), the precise positioning (P)
codes, and the differential carrier phase ob-
servable. Techniques for estimating geodetic
and geophysical quantities from these data.
Other topics include: atmospheric refraction
modeling, effects of Selective Availability (SA),
estimation techniques (including Kalman filter-
ing). Statistical and spectral analysis of data.
T. A. Herring

12.560-12.561 Special Seminar in
Exploration Geophysics

Prereq.: Permission of instructor
G (1, IAP, 2)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Advanced seminar focusing on areas of cur-
rent interest in exploration geophysics and
seismology. Taught by visiting lecturers.
12.560 is letter-graded.
Geophysics Staff

12.570-12.571 Seminar in Geophysics

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Problems of current interest in geophysics;
subject matter varying from term to term.
12.570 is letter-graded.
Geophysics Staff

12.580-12.581 Special Problems in
Geophysics

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in geophysics. 12.580 is let-
ter-graded.
Geophysics Staff
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Planetary Science

12.601 Essentials of Planetary Science

Prereq.: 8.03, 18.03
G (1)
3-0-9 H-LEVEL Grad Credit

Reviews fundamental physical concepts per-
taining to the study of the solar system, and
highlights recent spacecraft results. Topics in-
clude: meteorites, orbital dynamics, asteroids,
impact craters, surfaces, atmospheres, atmos-
pheric dynamics, interiors, magnetospheres,
rings, comets, formation of the solar system.
T. Dowling

12.602 Asteroids and Small Bodies

Prereq.: 8.02, 18.03
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduction to the study of asteroids and the
ground-based and space-based techniques
used to explore them. Topics include asteroid
orbital properties, surface structure, physical
properties, classifications, as well as their
origin, thermal and collisional evolution, and in-
terrelationships with meteorites and comets.
Subject also covers the near-earth asteroids,
the probabilities and consequences of ter-
restrial collisions, and the possible utilization of
asteroids as space resources.
R. P. Binzel

12.603 Solar System Dynamics

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Introduction to chaotic behavior in conserva-
tive systems, with examples drawn primarily
from the rotation and orbital dynamics of
planets and satellites. Includes surfaces of sec-
tion, Lyapunov exponents, perturbation theory,
KAM theorem, resonances, onset of chaos,
double pendulum, Henon-Heiles problem,
restricted three-body problem, spin-orbit cou-
pling, orbital resonances, adiabatic invariants,
adiabatic chaos, tidal evolution, capture into
resonance, stability of the solar system.
J. Wisdom

12.604J Radar Astronomy, Astrometry, and
Geodesy

(Same subject as 6.662J, 8.931J)
Prereq.: 6.014 or 8.03; 18.075 or 18.085
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Applies techniques of radio and radar to meas-
urement of the positions, orbital and rotational
motions, surface and atmospheric charac-
teristics, and gravity fields of the planets and
satellites. Observations from spacecraft and
from the ground. Propagation medium effects.
Radar equation. Ambiguity resolution in active
radar and in passive radio interferometry.
Modulation, signal processing, detection, and
analysis techniques. Radio-wave scattering.
Uses of interferometry in radar mapping
astrometry and geodesy.
G. H. Pettengill, C. C. Counselman Ill

12.605 Methods of Planetary Astronomy
(Revised Content)

Prereq.: 12.410J or 8.287J, 12.601
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Investigation of physical processes occurring
within solar-system atmospheres, solid sur-
faces, and planetary rings that produce observ-
able features in images, spectra, and
stellar-occultation data. Design and
capabilities of instruments currently used for
planetary astronomy as practiced from ground-
based telescopes, airborne telescopes, and
the Hubble Space Telescope. Treatment of
methods currently used for analysis of images
and spectra, including model fitting.
J. L. Elliot

12.650 Current Topics in Planetary
Science

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

In-depth discussion of current and classic
literature on selected topics in planetary
science. Topics vary from year to year.
J. Wisdom, J. L. Elliot

12.690-12.691 Special Problems in
Planetary Science

Prereq.: -
G (1, 2,S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in planetary science. 12.690
is letter-graded.
Planetary Science Staff

Geological, Geophysical, and
Chemical Oceanography

12.702 Oceanic Volcanology and
Petrology

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-2-4 H-LEVEL Grad Credit

Igneous processes occurring within the major
ocean basins. Focuses on current observation-
al data and hypotheses proposed to explain
the observations. Discusses volcanic proc-
esses at spreading centers, tectonics, and vul-
canism along fracture zones, island chains.
Some practical training in data interpretation,
petrography, and mineralogy may be arranged.
(Woods Hole Staff): W. Bryan

12.706 Fossils and Oceans:
Biostratigraphy, Paleobiology, and
Paleoceanography

Prereq.: General and Historical Geology
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-2-7 H-LEVEL Grad Credit

The uses of microfossils in interpreting the
geological history of the oceans and marginal
seas. Major topics cover the nature and inter-
pretation of the microfossil record, stratigraphic
principles, geochronology, taphonomy and
petrogenesis, systematics and species con-
cepts, evolution, paleobiogeography, and
paleoceanography. Associated labs treat the
stratigraphic and evolutionary history of
selected groups in foraminifera, calcareous
nannofossils, radiolaria, and diatoms.
(Wood Hole Staff): W. Berggren

12.707 Pre-Pleistocene Paleoceanography
and Paleoclimatology
(New)

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Climate history of the Earth from the formation
of the early atmosphere and ocean to the
present. Evaluation of geochemical, sedimen-
tological, and paleontological evidence for
changes in ocean circulation, global tempera-
tures, and atmospheric carbon dioxide levels.
Theories and models of Phanerozoic climate
change. Long-term history of the global carbon
cycle.
M. E. Raymo
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12.710 Marine Geology and Geophysics I
(New)

Prereq.: Permission of instructor
G (1)
3-2-7 H-LEVEL Grad Credit

An introduction to marine geology and
geophysics intended as part of a two-semester
sequence for first-year MIT-WHOI Joint Pro-
gram students in marine geology and
geophysics. Topics covered include the theory
of plate tectonics, lithosphere evolution and
mantle dynamics, the structure and composi-
tion of the oceanic crust and mantle, and tec-
tonic and magmatic processes at mid-ocean
ridges.
R. Detrick, W. Curry, N. Shimizu, R. Stephen

12.711 Marine Geology and Geophysics II
(Revised Content)

Prereq.: 12.710
G (2)
3-2-7 H-LEVEL Grad Credit

An introduction to marine geology and
geophysics intended as part of a two-semester
sequence for first-year MIT-WHOI Joint Pro-
gram students in marine geology and
geophysics. Topics covered this semester in-
clude hotspot volcanism, subduction and arc
magmatism, the crustal structure and sedimen-
tation history of continental margins, proces-
ses of deep sea sedimentation,
paleoceanography and the evolution of the
Mesozoic-Cenozoic global ocean.
R. Detrick, W. Curry, N. Shimizu, R. Stephen

12.712 Advanced Marine Seismology

Prereq.: 12.711
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Advanced subject on theory and practice of
marine seismology. Topics: seismic wave
propagation; marine reflection and refraction
seismology, including seismic data processing,
modeling, and inversion of multichannel data.
Extensive readings of geophysical literature.
(Woods Hole Staff): R. Stephen, R. Detrick

12.714 Computational Data Analysis
(New)

Prereq.: 18.03
G (2)
3-0-9 H-LEVEL Grad Credit

An introduction to the theory and practice of
analyzing discrete data such as are normally
encountered in geophysics and geology. Em-
phasizes statistical aspects of data interpreta-
tion and the nonparametric discrete-time
approach to spectral analysis. Topics covered
include elements of probability and statistics,
statistical inference, robust and nonparametric
statistics, the method of least squares,
univariate and multivariate spectral analysis,
digital filters, and aspects of multidimensional
data analysis.
A. D. Chave, M. K. McNutt

12.721 Special Problems in Marine Geology
and Geophysics at Woods Hole

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in marine geology and
geophysics.
(Woods Hole Staff)

12.722 Special Problems in Chemical
Oceanography at Woods Hole

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in chemical oceanography.
(Woods Hole Staff)

12.730-12.731 Special Problems in Marine
Geology and Geophysics at MIT

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For graduate students in the MIT/WHOI Joint
Program desiring to perform special investiga-
tions, special laboratory work, or special
fieldwork in marine geology and geophysics
under the supervision of a faculty member in
residence at MIT. 12.730 is letter-graded.
Marine Geology and Geophysics Staff

12.735-12.736 Special Problems in
Chemical Oceanography at MIT

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

For graduate students in the MIT/WHOI Joint
Program desiring to perform special investiga-
tions, special laboratory work, or special
fieldwork in chemical oceanography under the
supervision of a faculty member in residence
at MIT. 12.735 is letter-graded.
Chemical Oceanography Staff

12.740 Quaternary Paleoceanography

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

History of the earth-surface environment as
deduced from the record in deep-sea sedi-
ments. Uses micropaleontological, isotopic,
geochemical, and mineralogical changes ob-
served in piston cores and ice cores to infer
changes in temperature and current field of the
ocean and atmosphere, changes in seawater
and atmospheric chemistry, and to evaluate
and constrain theories of environmental
change.
E. A. Boyle

12.741 Marine Geochemistry

Prereq.: 5.11 or 3.091; 5.60
G (2)
3-0-9 H-LEVEL Grad Credit

Composition of seawater: chemistry of
aqueous solutions, ionic association and dis-
sociation, and relevant calculations - con-
cepts of steady-state and residence time of
species and discussion of static vs dynamic
chemical models of the ocean. Effect of
oceanic circulation on the chemistry illustrated
by the C0 2, silicate, and isotopic distributions.
Discusses authigenic sediments, control of
seawater composition, geochemical cycles.
Emphasizes development of problems and
topics by students and on calculations.
J. M. Edmond

12.742 Marine Chemistry

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Introduction to chemical processes operating
in the oceans (i.e., biogeochemical cycles). In-
cludes oceanic particles; cycling of organic
carbon, phosphorous and nitrogen; carbonate
and silica systems; upwelling and low-oxygen
systems; iron and manganese redox systems.
Designed for first- or second-year chemistry,
biology, and geology students.
(Woods Hole Staff): 0. Zafiriou, Staff

12.743 Geochemistry of Marine
Sediments

Prereq.: 5.11 or 3.091; 5.60
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Chemical and isotopic composition of sedi-
ments in space and time. Present-day surface
sediments. Equilibria, kinetics, and diffusion.
Effect of sedimentary processes on the chemi-
cal composition of seawater. Dating and ac-
cumulation rate estimation. Effect of climate
fluctuations on sedimentary processes. Em-
phasizes mathematical techniques and model-
ing where appropriate.
E. A. Boyle

12.744 Marine Isotope Chemistry

Prereq.: 12.742 or 12.741
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Treats important aspects of radionuclides and
stable isotopes as applied to the oceans. In-
cludes introduction to radio activity, natural-
series radionuclides (i.e., 2 Pb, 2"Po, Th, U),
artificial radionuclides (i.e., "C, 'H, "'Cs, 'Sr,
239 

240Pu), and systematics of several stable
isotopes (e.g., Nd, Sr, C, N, 0).
(Woods Hole Staff)
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12.745 Ore Deposition at Submarine Ridge
Axes

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Ridge crest hot springs; description of current-
ly active systems. Geologic and tectonic set-
ting and exploration strategies. Hydrothermal
chemistry of sediment-starved and sediment-
covered spreading centers and seamounts.
Thermodynamic modeling of water-rock inter-
actions using EQ3/6. Description and clas-
sification of ore deposits formed on the sea
floor. Chemical and physical mechanisms of
ore localization. Formation of metalliferous
sediments.
J. M. Edmond

12.746 Marine Organic Geochemistry

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Provides an understanding of the distribution
of organic carbon (OC) in marine sediments
from a global and molecular-level perspective.
Surveys the mineralization and preservation of
OC in the water column and within anoxic and
oxic marine sediments. Topics include OC
composition, reactivity and budgets within, and
fluxes through, major reservoirs; microbial recy-
cling pathways for OC; models for OC
degradation and preservation; role of anozia in
OC burial; relationships between dissolved
and particulate (sinking and suspended) OC;
methods for characterization of sedimentary or-
ganic matter; application of biological markers
as tools in oceanography. Both structural and
isotopic aspects are covered.
(Woods Hole Staff): T. /. Eglinton, W. R. Martin

12.751-12.759 Seminar in Oceanography at
Woods Hole

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Topics in marine geology and geophysics,
physical, dynamical, and chemical oceanog-
raphy. Content varies from term to term.
12.755 is letter-graded.
(Woods Hole Staff)

12.760-12.761 Seminar in Marine Geology
and Geophysics at MIT

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Topics in marine geology and geophysics
taught at MIT. Content varies from term to
term. 12.760 is letter-graded.
Marine Geology and Geophysics Staff

12.770-12.771 Seminar in Chemical
Oceanography at MIT

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Topics in chemical oceanography taught at
MIT. Content varies from term to term. 12.770
is letter-graded.
Chemical Oceanography Staff

Meteorology and Oceanography

12.800 Fluid Dynamics of the Atmosphere
and Ocean

Prereq.: 8.03, 18.04
G (1)
3-0-9 H-LEVEL Grad Credit

Introductory subject for first-year graduate stu-
dents in meteorology and oceanography.
Eulerian and Lagrangian kinematics. Equa-
tions of mass, momentum, and energy in
Eulerian form in rotating frame of reference.
Vorticity and divergence. Scaling and
geostrophic approximation. Potential vorticity.
Rossby waves. Ekman layers. Wave motion
and instability. Vortex motion.
(Woods Hole Staff): K. Helfrich

12.801 Steady Circulation of the Oceans

Prereq.: 12.800
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamental principles in modeling steady
flows in the ocean and their analogues in the
atmosphere. Illustrates general methods that
apply to either fluid and the contrasts between
them. Includes quasi-geostrophy on the beta
plane and sphere, Ekman pumping, wind- and
thermally driven ocean circulation models,
western-boundary current dynamics, upwelling
systems.
(Woods Hole Staff): L. Pratt

12.802 Wave Motions in the Ocean and
Atmosphere

Prereq.: 12.800 or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Topics include: general wave concepts and
kinematics, gravity waves, dispersion, energy
and energy flux, initial value problems, internal
gravity waves, vertical modes and vertical
propagation, atmospheric mountain waves,
rotation, inertial waves, Kelvin and Poincare
waves, Rossby waves in a homogeneous fluid,
resonant interactions, laplace Tidal Equations,
equatorial waves, potential vorticity and quasi
geostrophy, Rossby waves in a stratified cur-
rent, Charney-Drazin theorem and wave-mean
flow interactions.
(Woods Hole Staff): J. Pedlosky

12.803 Quasi-balanced Circulations in
Oceans and Atmospheres

Prereq.: 12.800, 12.804
G (1)
3-0-9 H-LEVEL Grad Credit

Dynamics of large-scale circulations in oceans
and atmospheres, taken concurrently with the
laboratory subject 12.804. Conservation and
balance principles for large-scale flows;
geostrophic adjustment, potential vorticity and
invertibility; shallow water equations, quasi-
geostrophy; nonlinear balance equations. Dis-
persion and propagation of Rossby waves;
topographic waves. Generation and dissipa-
tion of large-scale eddies, including baroclinic
and barotropic instability as described by
Eady, Charney, and two-layer models; the
Rayleigh, Fjortoft, Charney-Stern, and Arnol'd
theorems; effects of surface friction and phase
change of water; the superposition principle;
quasi-geostrophic turbulence, fronts and fron-
togenesis.
K. A. Emanuel, Oceanography Staff

12.804 Large-Scale Atmospheric Flow
Dynamics Laboratory
(Revised Content)

Prereq.: 12.800, 12.803
G (1)
0-6-0 H-LEVEL Grad Credit

Laboratory component of 12.803. Atmospheric
and oceanic observations. Techniques for
analyzing data with the aid of advanced
software on workstations. Concepts of
balanced flow are introduced using
meteorological and oceanographic data. Poten-
tial vorticity and the invertibility principle are
used in detailed atmospheric diagnosis of the
climatological flow, extratropical cyclones,
blocking anticyclone, fronts and frontogenesis,
and planetary scale flow. Parallels with
analogous phenomena in the ocean are drawn.
L. flari

12.805 Laboratory in Physical
Oceanography

Prereq.: 12.808
G (1)
2-2-5 H-LEVEL Grad Credit

An introduction to standard data analysis
methods including time series analysis, objec-
tive mapping, empirical orthogonal functions,
and dynamic analysis of hydrographic data.
Emphasis on working with data in a computer
laboratory setting using packaged software.
Where appropriate, comparison is made with
simple models. Some attention given to the in-
struments and algorithms used to acquire the
data.
(Woods Hole Staff): B. Owens
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12.806 Atmospheric Physics and
Chemistry I

Prereq.: 5.61, 18.075
G (1)
3-0-9 H-LEVEL Grad Credit

Introduces atmospheric physics and chemistry.
Transfer of solar and thermal radiation and
radiative heating. Atmospheric thermal struc-
ture, differential heating, and energy budget.
Physics of clouds and precipitation. Atmos-
pheric chemistry including kinetics, continuity,
transport, and chemical-radiative-dynamical
feedbacks. Application to ozone layer and An-
tarctic ozone hole.
R. G. Prinn, M. J. Molina

12.807 Atmospheric Physics and
Chemistry I1
Prereq.: 12.806
G (2)
3-0-9 H-LEVEL Grad Credit

Radiative transfer including Mie theory scatter-
ing and non-grey effects. Physics of green-
house effect, chemistry of greenhouse gases
and models for warming. Chemistry of the
troposphere on urban, regional, and global
scales. Satellite remote sensing and inversion
methods. Principles of weather radar and ap-
plication to precipitation measurements and
analysis of convective storm motions.
M. J. Molina, R. G. Prinn

12.808 Introduction to Observational
Physical Oceanography

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

An introduction to the results and techniques
of observations of the ocean in the context of
its physical properties and dynamical con-
straints. Emphasis on large-scale steady cir-
culation and the time-dependent processes
that contribute to it. Includes the physical set-
ting of the ocean, atmospheric forcing, applica-
tion of conservation laws, description of
wind-driven and thermohaline circulation, eddy
processes, and interpretive techniques.
J. Price

12.810 Dynamics of the Atmosphere

Prereq.: 12.800
G (2)
3-0-9 H-LEVEL Grad Credit

Review of equations of motion. Zonally
averaged budgets of heat, momentum, and
water vapor. Review of historical under-
standing of the maintenance of zonal winds.
Symmetric models of the general circulation.
Introduction to waves and eddies in nonrotat-
ing and rotating fluids: specifically internal
gravity waves, tides, Rossby waves, barotropic
and baroclinic instabilities. The interaction of
these asymmetric components of atmospheric
motion with the zonally averaged circulation
discussed. Emphasis on specific observed
phenomena.
R. S. Lindzen

12.811 Tropical Meteorology

Prereq.: 12.803
G (2)
3-0-9 H-LEVEL Grad Credit

A description of the large-scale circulation sys-
tems of the tropical atmosphere and analysis
of the dynamics of such systems. Topics in-
clude: interaction between the convective
scales and the large-scale flow, importance of
moisture and latent heat release; equatorial
waves; the Hadley circulation; monsoons;
theory of the response of the tropical atmos-
phere to localized sea-surface temperature
anomalies; the Walker circulation;
mechanisms coupling tropics with midlatitudes;
intraseasonal oscillations; El Niho/Southern
Oscillation; easterly waves; tropical cyclones.
R. A. Plumb

12.812 General Circulation of the Earth's
Atmosphere

Prereq.: 12.810 or 12.803
G (1)
3-0-9 H-LEVEL Grad Credit

Diagnostic studies and discussion of their im-
plications for the theory of the structure and
general circulation of the Earth's atmosphere.
Includes some discussion of the validation and
use of general circulation models as atmos-
pheric analogs.
P. H. Stone, R. D. Rosen

12.813 Atmospheric Convection

Prereq.: 12.800
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-3-9 H-LEVEL Grad Credit

Introduction and theory of dry convection over
isolated heat sources. Basic theory of Rayleigh
convection. Extensive treatment of the ther-
modynamics of moist and cloudy air. Observa-
tions and dynamics of isolated convective
clouds; turbulence in saturated and partly
saturated mixtures. Moist- and dry-convective
boundary layers. Organization of moist convec-
tion on larger scales and interaction of convec-
tive ensembles with the large-scale
environment.
K. A. Emanuel

12.820 Instability and Turbulence in
Geophysical Systems

Prereq.: 12.803
G (2)
3-0-9 H-LEVEL Grad Credit

Comprehensive introduction to the methodol-
ogy of stability theory as applied to problems
of interest in geophysical fluid dynamics. Em-
phasizes problems governed by quasi-
geostrophic dynamics. Topics in linear theory
include baroclinic-barotropic instability, numeri-
cal methods for eigenvalue problems, Rossby
wave instability, symmetric instability, and solu-
tion of initial-value problems. Nonlinear in-
stability.
(Woods Hole Staff): L. Pratt

12.822 Nonlinear Waves and Vortices

Prereq.: 18.305, 12.803
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

The dynamics of nonlinear waves in geophysi-
cal systems. Linear dispersion, nonlinear
steepening, and solitary waves. Wave groups.
Modulational instability. Particle motions in
waves. Point vortices, vortex patches, and
modons. Interactions between vortices and
wave fields. Nonlinear instability, bifurcations,
chaotic behavior.
G. Flierd

12.823 Ocean Modeling
(Revised Content)

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Exposition of the use of numerical ocean
models to investigate and elucidate key physi-
cal processes which underlie the general cir-
culation of the ocean. Layered,
quasi-geostrophic models are used to study
the role of geostrophic eddies in the large-
scale circulation. Primitive equation models
using height and density as a vertical coor-
dinate are used to discuss the ventilation of
gyres from the surface and the thermohaline
circulation of the ocean. Nonhydrostatic
models are applied to model convection in the
ocean. Students build their own model and ex-
periment with it on workstations and the CRAY.
J. Marshall

12.824 El Niio and the Southern
Oscillation

Prereq.: 12.802
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

A detailed presentation and discussion of ob-
servations and theory of this coupled ocean-
atmosphere phenomenon. Much of the subject
activity comprises reading and discussion of
selected literature. Aspects covered: observa-
tions of El Niho, of the Southern Oscillation
and its influence on interannual climate
variability; relevant aspects of oceanic and at-
mospheric equatorial dynamics - equatorial
waves, the response of the equatorial ocean to
wind stress, the response of the tropical atmos-
phere to sea-surface temperature anomalies;
properties of simplified coupled models and of
more sophisticated models.
R. A. Plumb

12.825J Sampling, Synthesis, and
Forecasting of Hydrologic Processes

(Same subject as 1.712J)
Prereq.: 18.440 or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 1.712J.
R. L. Bras
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12.826J Landsurface-Atmosphere
Interaction

(Same subject as 1.713J)
Prereq.: 1.71J or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.713J.
D. Entekhabi

12.830 Topics in Waves and Instability

Prereq.: 12.803; 12.802 or 12.810
G (1)
3-0-9 H-LEVEL Grad Credit

A detailed presentation of selected advanced
topics in waves and instability in the atmos-
phere. The precise selection varies from year
to year. Topics have included wave-mean flow
interaction, the quasi-biennial oscillation, sud-
den warmings, critical-level behavior, wave
overreflection, nonlinear equilibration, wave
breaking, tropical waves, and stationary waves.
R. S. Lindzen

12.831 Dynamics of the Middle
Atmosphere

Prereq.: 12.810 or permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Observed characteristics of the stratosphere
and mesosphere. Climatological heat budget.
Wave transport theory. Tides. Gravity waves.
Gravity wave breaking. Traveling planetary
waves. Quasi-stationary ultralong waves;
propagation in winter and impact on the mean
circulation. Potential vorticity diagnostics; wave
breaking. Dynamics of the disturbed polar vor-
tex; "warmings." Equatorial waves in the strato-
sphere. Theory of the quasi-biennial
oscillation. Transport of trace constituents.
Ozone: observed climatology; production and
loss processes; effects of transport. Ozone
depletion.
R. A. Plumb

12.840 Past and Present Climate

(Subject meets with 12.301)
Prereq.: 8.02
G (1)
3-0-9 H-LEVEL Grad Credit

Properties of climate systems. Physics of
climatic fluctuations on time scales from past
century up to 100 million years. Phenomena of
drought, biennial oscillation, Southern Oscilla-
tion and El Niho, and other interannual fluctua-
tions. Review of evidence for global warming.
Role of volcanoes, water vapor, ozone, and
carbon dioxide changes, solar variations, and
surface changes in altering climate.
Reconstruction of ice-age climate from ocean-
bed cores, pollen records, isotope ratios in ice
cores. Theories of ice ages. Large-scale
ocean-atmosphere interactions. Suitable for
undergraduate students with little or no pre-
vious background in meteorology. Meets with
undergraduate subject 12.301, but assign-
ments differ.
R. E. Newell

12.841 Climate Modeling
(Revised Content)

Prereq.: 12.801, 12.803 or 12.810
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Develops parameterizations for atmospheric
and oceanic processes important in determin-
ing climate and applies them in simple models
of climate and climate change. Discussion of
General Circulation Model studies of climate
and climate change.
P. H. Stone, J. Marotzke

12.850 Advanced Atmospheric
Chemistry

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Chemistry of the troposphere and strato-
sphere. Applications of gas-phase chemical
kinetics and photochemistry to atmospheric
systems. Multiphase chemical processes in
the atmosphere. Discussion of theory and ex-
periments; laboratory and field measurement
techniques. Chemical changes in the atmos-
phere induced by human activity; urban and
regional air pollution; acid deposition; green-
house gases; stratospheric ozone depletion.
M. J. Molina

12.862 Dynamics of Shelf Circulation I

Prereq.: 12.800
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

General introduction to the dynamics govern-
ing flow over the continental shelf. An overview
of surface and bottom boundary layer physics.
Simple two-dimensional transient models of
the shelf circulation. Systematic development
of coastal-trapped wave theory.
(Woods Hole Staff): K. Brink

12.863 Dynamics of Shelf Circulation I
Prereq.: 12.862
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

More specialized topics in the dynamics of flow
over the continental shelf, including tides and
mean flows. Emphasis on the relationship be-
tween theory and observations. Instrumenta-
tion and the application of statistical
techniques also covered. Topics covered
depend somewhat on the background and re-
search interests of the students enrolled.
(Woods Hole Staff): S. Lentz, K. Brink

12.864 Ocean Data and Ocean Models I

Prereq.: 18.075 or 18.086
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

12.865 Ocean Data and Ocean Models 11

Prereq.: 12.864
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Fundamental methods used for exploring the
information content of observations related to
theoretical ideas about thow the ocean moves.
Basic statistics and linear algebra for inverse
methods including singular value decomposi-
tions, control theory, sequential estimation (Kal-
man filters and smoothing algorithms),
adjoint/Pontryagin principle methods, etc.
Second part focuses on stationary processes,
including Fourier methods, z-transforms, sam-
pling theorems, spectra, coherences, filtering,
etc. Directed at the quantitative combinations
of models, with realistic, i.e. sparse and noisy
observations
C. /. Wunsch

12.866 Theory of the General Circulation of
the Ocean

Prereq.: 12.800, 12.801, 12.802
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

A review of wind-driven, homogeneous, ocean
circulation theory. Quasi-geostrophic layer
models of the circulation. Open and closed
geostrophic contours. Potential vorticity
homogenization. The ventilated thermocline.
Combined ventilated and homogenized ci-cula-
tions. Inter-gyre communication. Buoyancy-
forced circulation. Inertial models of the
equatorial undercurrent. Stommel-Arons
theory for the abyssal circulation. Effects of
topography.
(Woods Hole Staff): J. Pedlosky

12.867J Physics of Shallow Coastal
Flows

(Same subject as 1.693J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 1.693J.
W. R. Geyer, J. H. Trowbridge
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12.870 Air-Sea Interactions 1: Boundary
Layers
(Revised Content and Units)

(12.861)
Prereq.: Permission of instructor
G (1)
2-1-6 H-LEVEL Grad Credit

Examines the interaction of the atmosphere
and ocean on time scales from hours to
months, with emphasis on effects within the
boundary layers. Methods for measuring and
computing air/sea fluxes are reviewed, and stu-
dents who participate in the optional laboratory
subject at WHOI can build and use the
relevant instruments. Modification of boundary
layers by air/sea exchange, radiation and tur-
bulent mixing is treated using a hierarchy of
boundary layer models that are available on
Athena for student use.
J. Price, J. Edson

12.871 Air-Sea Interactions II: Large-Scale
Effects
(New)

Prereq.: 12.870
G (2)
2-0-4 H-LEVEL Grad Credit

Reading and seminar subject that continues
from Air-Sea Interactions I to consider non-
local effects of coupling between the atmos-
phere and the ocean. A main topic or a series
of topics is chosen based upon class interests,
but could include, for example, the formation
of tropical and polar cyclones, the El Niro
Southern Oscillation phenomenon, or global
warming due to increased greenhouse gases.
Emphasis on the physical rather than the
biological or chemical dynamics.
J. Price, R. Weller, J. Edson

12.950-12.951 Seminar in Physical
Oceanography at MIT

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Topics in physical and dynamical oceanog-
raphy. Content varying from term to term.
12.950 is letter-graded.
Physical Oceanography Staff

12.960-12.961 Special Problems in
Physical Oceanography at MIT

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Special investigations, special laboratory work,
or special fieldwork in oceanography. 12.960 is
letter-graded.

12.970-12.971 Special Problems in Physical
Oceanography at Woods Hole

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Reading, consultation, and original investiga-
tion on oceanographic problems. 12.970 is let-
ter-graded.
(Woods Hole Staff)

12.980-12.981 Special Problems in
Meteorology

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Reading, consultation, and original investiga-
tions on meteorological problems. 12.980 is let-
ter-graded.
Metereology Staff

12.990-12.991 Special Subjects in
Meteorology

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Organized lecture or laboratory subject on
some aspect of meteorology not normally
covered in regularly scheduled subjects.
12.990 is letter-graded. Consult Department
Headquarters.
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Course 13 Ocean Engineering

For degree requirements, see listing in
Chapter VII under the School of
Engineering.

13 UR Undergraduate Research

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Research in engineering for the ocean environ-
ment, including naval architecture, wave ener-
gy, seakeeping, ocean exploration, ocean
transportation, ocean vehicles, utilization of
resources, marine economics, systems
analysis, marine policy, marine
hydrodynamics, ocean acoustics, ocean struc-
tures, sailing yachts, and some aspects of
marine-related management. Hands-on ex-
perimental research in modern laboratory
facilities.
D. K.-P. Yue

13.010 Introduction to Ocean Science and
Technology
(Revised Content)

Prereq.: 8.01, 18.02
U (1)
3-0-9 REST

Introductory subject for students majoring or
minoring in ocean engineering and others
desiring introductory knowledge in the field.
Physical oceanography including distributions
of salt, temperature, and density; heat
balance; major ocean circulations and
geostrophic flows; influence of wind stress;
and tides. Surface waves including wave
velocities, propagation phenomena, wave for-
ces on objects, and descriptions of real sea
waves. Acoustics in the ocean including in-
fluence of water properties on sound speed
and refraction, sounds generated by ships and
marine animals, fundamentals of sonar, types
of sonar systems and their principles of opera-
tion.
J. H. Milgram

13.011 Ocean Science and Technology
Laboratory
(Revised Content)

Prereq.: 8.01, 18.03
U (2)
2-5-5 Institute LAB

Studies in marine instrumentation and signal
processing. Planning, conducting, and analyz-
ing an experiment to be done in a laboratory or
in the ocean. Plan developed by students
focuses on what needs to be measured and
why; how results are used; design, construc-
tion, and acquisition of equipment; experiment
logistics; data acquisition and analysis; report-
ing and use of results. After experiment is con-
ducted, results are analyzed, meaning of the
results is assessed, and reports are prepared
and presented.
J. H. Milgram

13.012 Fluid Mechanics for Ocean
Engineers
(Revised Content and Units)

Prereq.: 13.010, 18.03
U (2)
4-3-8

Development of the fundamental equations of
fluid mechanics and their simplifications for
several areas of marine hydrodynamics. Ap-
plication of these equations to a wide variety of
problems of interest to ocean engineers rang-
ing from local boundary layer flows on a small
underwater vehicle to global oceanic flows.
Hydrostatic behavior of floating and sub-
merged bodies, lift and drag forces, water
waves and wave forces on ships and plat-
forms. Aspects of physical oceanography in-
cluding equations for ocean circulations, wind
driven flows and their applications. Acoustic
wave equation and its use in underwater
sound problems.
D. K.-P. Yue

13.013J Dynamics

(13.003J)
(Same subject as 2.03J)
Prereq.: 2.01, 2.02, 18.03 or 13.015
U (1, 2)
4-0-8

See description under subject 2.03J.
J. K. Vandiver, J. H. Williams, Jr.

13.014 Marine Structures and Materials
(New)

Prereq.: 2.01, 18.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9
Materials and fabrication techniques for struc-
tures in the ocean environment; mechanical
properties of marine materials and material
failure mechanisms including fracture, fatigue,
and corrosion. Welding practices and design of
welded structures. Structural analysis:
1) review of classical beam theory, bending
and shear stresses and deflections; 2) prin-
ciple of virtual work and energy methods;
3) structural failure modes, including buckling,
first yield, and ultimate strength of structures.
Applications to ships and offshore structures,
such as collision and grounding damage of
ships and impact damage of offshore plat-
forms.
K. Masubuchi

13.015 Mathematical Methods in Ocean
Engineering
(New)

Prereq.: 18.03
U (2)
3-0-9
Mathematical methods are developed for the
solution of physical problems arising in ocean
engineering. Model problems from
hydrodynamics, wave propagation, vibrations,
structural mechanics, and signal processing
are formulated and solved using the theory of
ordinary differential equations, complex vari-
ables and complex contour integration,
Laplace and Fourier transforms, convolution,
impulse response functions, and Fourier series.
P. D. Sclavounos
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13.016 Introduction to Geometric Modeling
and Computation
(Revised Content and Units)

(13.00)
Prereq.: 8.01, 18.02
U (1)
3-0-9 REST

Development of mathematical representations
of curves and surfaces for use in computer-
aided design and engineering analysis, from
simple polynomials to general non-uniform ra-
tional B-splines. Numerical integration and dif-
ferentiation. Software engineering concepts.
Code design, development, debugging and
maintenance. Fortran 77 syntax, data types,
subroutines. Emphasis on engineering modell-
ing and design in computational environment.
Homework projects developed around ocean
engineering applications include writing
Fortran 77 programs and using software
developed under Project Athena.
J. E. Kerwin

13.017 Design of Ocean Systems I
(New)

Prereq.: 2.01, 13.016, 13.012
To be offered starting Academic Year 1994-95
U (2)
3-4-5 Institute LAB

13.018 Design of Ocean Systems I1
(New)

Prereq.: 6.071, 13.017
To be offered starting Academic Year 1995-96
U (1)
1-4-7 Institute LAB

A two-semester subject sequence that
demonstrates the design process through ap-
plication to small-scale ocean systems. Em-
phasis on carrying out the design and
implementation of a system, including
demonstration of its operation in the marine en-
vironment. Term 1: Introduction to the design
process and its application in the marine en-
vironment. Design project with students
developing system definition and completing
its preliminary design. Students are instructed
in the use of the machine shop and are re-
quired to implement mechanical, electrical,
and electronic components of the sytems.
Term 2: Students work in small groups to
design and implement system defined in
13.017, including demonstration of its opera-
tion in the laboratory or marine environment.
Students design, plan, construct, and operate
a small-scale ocean system, or plan, develop
experimental apparatus, acquire data, and
report the analysis of an experiment in the
ocean or the laboratory. Subject varies from
year to year. The specific topic is made avail-
able to students during IAP before the first
term of the subject sequence. Each of these
subjects satisfies six units of the General In-
stitute Laboratory Requirement.
M. S. Triantafyllou

13.021 Marine Hydrodynamics I

Prereq.: 13.012 or 2.20 or 1.05
G (1)
4-1-7

The fundamentals of fluid mechanics are
developed in the context of naval architecture
and ocean science and engineering. Transport
theorem and conservation principles. Navier-
Stokes' equation. Dimensional analysis. Ideal
and potential flows. Vorticity and Kelvin's
theorem. Hydrodynamic forces in potential
flow, D'Alembert's paradox, added-mass,
slender-body theory. Viscous-fluid flow,
laminar and turbulent boundary layers. Model
testing, scaling laws. Application of potential
theory to surface waves, energy transport,
wave/body forces. Linearized theory of lifting
surfaces. Experimental project in the towing
tank or propeller tunnel.
D. K.-P. Yue

13.022 Marine Hydrodynamics 11

Prereq.: 13.021, 18.075
G (2)
4-0-8 H-LEVEL Grad Credit

Continuation of 13.021, emphasizing analytical
and computational methods. Ideal flows in two
and three dimensions. Lifting-surface theory
for steady, unsteady, and cavitating hydrofoils.
Water waves, loads and motions of bodies in
waves, and ship wave resistance.
Hydrodynamics of slender bodies, maneuver-
ing, strip theory of ship motions. Use of panel
programs for computations on the MIT Cray.
J. N. Newman

13.03 Responses of Marine Structures to
Sea Loads

Prereq.: 18.075, 13.022
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Hydrodynamic and statistical models describ-
ing the responses of marine structures in ran-
dom seas. Linear wave-body interactions.
Nonlinear wave loads on ships, semisubmers-
ibles, and tension-leg platforms. Effects of
wind and current. Linear response statistics.
Gaussian and Rayleigh processes. Extreme
statistics. Stochastic models for nonlinear
responses. Markovian processes and Volterra
Series. Nonstationary responses and memory
effects. Case studies include the slamming of
ships and slow-drift oscillation of compliant
structures.
P. D. Sclavounos

13.04 Hydrofoils and Propellers

Prereq.: 18.076, 13.021
G (2)
3-0-9 H-LEVEL Grad Credit

Theory and design of hydrofoil sections; lifting
and thickness problems for sub-cavitating sec-
tions, unsteady flow problems. Computer-
aided design of low drag, cavitation free
sections. Lifting line and lifting surface theory
with applications to hydrofoil craft, rudder, and
control surface design. Propeller lifting line and
lifting surface theory; computer-aided design
of wake adapted propellers, unsteady
propeller thrust and torque. Flow about axially
symmetric bodies and low-aspect ratio lifting
surfaces. Experimental projects in the variable
pressure water tunnel.
J. E. Kerwin

13.06 Numerical Methods in Marine
Hydrodynamics

Prereq.: 13.021, 13.50, 18.075
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Formulation, methodology, and techniques of
numerical solutions of problems in mariIe
hydrodynamics. Rudiments of finite-difference,
finite-element, boundary-integral-equation, and
spectral methods with illustrations of applica-
tions to this field. Special emphases on treat-
ment of free-surface and open boundaries,
and the characteristics and efficacy of the dif-
ferent approaches. Projects involve hands-on
development of simple computer programs.
D. K.-P. Yue

13.07 Free Surface Hydrodynamics

Prereq.: 13.022, 18.076
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

Water wave phenomena pertinent to problems
in naval architecture and ocean engineering.
Generation, propagation, and diffraction of
plane progressive waves. Exciting and restor-
ing forces on floating and submerged bodies.
Ship waves and wave resistance. Use of panel
methods to compute wave forces on ships and
offshore platforms. Some background in water
waves equivalent to that covered in 13.022 as-
sumed. Alternates with 13.09.
J. N. Newman
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13.09 Potential Flows

Prereq.: 13.022, 18.076
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Develops and applies potential theory to the
flow past marine vehicles. Review of ideal fluid
theory. Simple potential flows. Two-dimen-
sional flows based on complex variable theory.
Three-dimensional flows based on separation
of variables and Green's theorem.
Hydrodynamic pressure forces and the added-
mass tensor. Description of numerical
methods, matched asymptotic expansions,
and slender-body theory. Alternates with
13.07. Second half of subject includes mini-
seminars by students on relevant research
topics.
J. N. Newman

13.10 Introduction to Structural Mechanics
(Revised Content)

Prereq.: 13.014
G (1)
4-0-8

Fundamental structural mechanics concepts
with application to marine structures. Analysis
and design of beams and columns. Energy
methods, principle of virtual work and equi-
librium. Exact and approximate methods of cal-
culating deflections of statistically
indeterminate structures. Buckling of columns.
Introduces advanced topics in structural
mechanics such as collision and grounding
protection of ships.
T. Wierzbicki

13.111 Structural Mechanics

Prereq.: 13.10
G (2)
3-0-9 H-LEVEL Grad Credit

Concept of deformation and equilibrium in con-
tinuum mechanics and plate and shell struc-
tures. Derivation of elastic stress-strain
relations for plate and shell elements. Bending
and buckling of rectangular plates. Nonlinear
geometric effects. Post-buckling and ultimate
strength of typical stiffened panels used in
naval architecture. General theory of elastic
shells and axisymmetric shells. Buckling and
crushing strength of cylindrical shells.
T. Wierzbicki

13.121 Introduction to Ship Structures

Prereq.: 13.10
G (2)
2-1-6 H-LEVEL Grad Credit
Credit cannot also be received for 13.122

Ship longitudinal strength and hull primary
stresses. Ship structural design concepts. Role
of classification societies in structural design
process. Design loads. Inertia effects. Hull
deflections, exact and approximate methods.
Effect of superstructures and dissimilar
materials on primary strength. Transverse
shear stresses and thermal stresses in the hull
girder. Torsional strength of ships. Effective
breadth. Ship design exercises. Credit not
given for both 13.121 and 13.122.
A. J. Brown

13.122 Ship Structural Analysis and
Design

Prereq.: 13.10, 13.111
G (2)
3-2-7 H-LEVEL Grad Credit
Credit cannot also be received for 13.121

Ship longitudinal strength and hull primary
stresses. Ship structural design concepts. Role
of classification societies in structural design
process. Design loads. Inertia effects. Hull
deflections, exact and approximate methods.
Effect of superstructures and dissimilar
materials on primary strength. Transverse
shear stresses and thermal stresses in the hull
girder. Torsional strength of ships. Effective
breadth. Theory and applications of finite-
element methods. Computer projects using
beam, plane, and plate elements for ship gril-
lages and plates. Credit not given for both
13.121 and 13.122.
A. J. Brown

13.14J Structural Mechanics in Nuclear
Power Technology

(Same subject as 22.314J, 1.56J, 2.084J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 22.314J.
0. Buyukozturk, J. E. Meyer

13.15 Materials for Ocean Engineering

Prereq.: -
G (2)
3-0-8
Properties of metals used for the construction
of ships and ocean engineering structures.
Microstructures, processing, heat treatment,
service behavior, and failures with special em-
phasis on corrosion resistance of ferrous and
nonferrous metals.
K. Masubuchi

13.16J Fracture of Structural Materials

(Same subject as 3.90J, 1.591J)
Prereq.: 2.30 or 3.11 or 13.15
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 3.90J.
K. Masubuchi, F. J. McGarry

13.17J Welding Engineering

(Same subject as 3.36J)
Prereq.: 13.15
G (1)
3-0-6 H-LEVEL Grad Credit

Detailed study of processing variables involved
in joining materials by welding, brazing, and ad-
hesive bonding. Synthesis of elementary physi-
cal phenomena such as transient heat flow,
phase transformations, and dimensional
changes into the complex overall reactions as-
sociated with joining. Testing, inspection, and
properties of finished joints. Laboratory
demonstrations of arc and other welding
processes.
K. Masubuchi

13.18 Case Studies in Welding Design

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4 H-LEVEL Grad Credit

Problems occur in various welded structures,
including ships, offshore oil drilling rigs, pres-
sure vessels, bridges, and aerospace struc-
tures. Discusses problems such as brittle
fracture, fatigue, weld cracking, and distortion.
Through examination of past and current
cases, develops techniques for preventing
these problems by proper selection of
materials, joining processes, and procedures
during the design stages.
K. Masubuchi

13.21 Ship Power and Propulsion

Prereq.: 2.40
G (1)
3-1-8 H-LEVEL Grad Credit

Examines ship power and propulsion systems
for commercial and naval ships. Considers
steam, diesel, and gas-turbine power plants,
together with speed reducers and propulsors.
Project study and economic evaluation of the
propulsion system for a commercial or a naval
ship.
A. D. Carmichael

13.25J Thermal Power Engineering

(Same subject as 2.41J)
Prereq.: 2.40
U (2)
3-0-9
See description under subject 2.41J.
A. D. Carmichael, E. G. Cravalho

13.26J Design of Thermal Power
Systems

(Same subject as 2.601J)
Prereq.: 2.20, 2.40, 2.51
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.601J.
A. D. Carmichael, L. R. Glicksman

13.39 Analysis of Techniques for
Fabricating Structures

Prereq.: 3.13 or 13.15 or 13.17J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
2-0-4 H-LEVEL Grad Credit

Analyzes problems related to fabrication of
structures, such as ships, aircraft, rockets,
pressure vessels, buildings, and ocean en-
gineering structures by various joining proc-
esses including welding, riveting, and adhesive
bonding. Discusses problem areas such as
fracture characteristics of welded structures;
residual stress, distortion, and stress relieving;
advanced welding metallurgy; nondestructive
testing of structural welds. Laboratory
demonstrations of some tests.
K. Masubuchi
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13.410 Introduction to Naval Architecture

(13.012)
Prereq.: -
G (S)
5-5-11

Review/introduction to elementary principles of
naval architecture, mechanics of solids, and
fluid mechanics. Ship statics, fairing of lines,
calculations, and drawing of displacement and
other curves, structures, and ship resistance
calculations. Applications to stress distribu-
tions and deformations in rods, shafts, beams,
and other simple structures. Computer
methods and matrix analysis utilized. Hydros-
tatics, vorticity, potential flows, boundary
layers. Primarily for students in Course XIII-A;
others admitted by permission of instructor.
A. J. Brown

13.411 Methods of Naval Ship-System
Design

Prereq.: 13.410
G (S)
3-0-9 H-LEVEL Grad Credit

Overview of naval ship design and acquisition
process; mechanics of designing a ship sys-
tem, formulation of a systematic design plan,
requirements and constraints, design
philosophy and design elements; selection/op-
timization criteria; design trade-offs; analysis of
ship design trends; marginal cost factors.
Design exercises and projects in application of
principles.
A. J. Brown

13.412 Principles of Naval Ship Design

Prereq.: 13.410; 13.21; 13.021; 13.411
G (1)
3-3-6 H-LEVEL Grad Credit

Design of surface ship platforms for naval ap-
plications; formal design optimization proce-
dures; mathematical and computer models of
ship design process; engineering and
economic principles governing selection of
dimensions and coefficients; influence of hull
form and dimensions on mobility in calm water
and rough seas; internal subdivisions for effi-
cient arrangement and maximum survivability;
damage stability. Design exercises in applica-
tions of principles.
A. J. Brown

13.413 Projects in Naval Ships Conversion
Design
(Revised Units)

Prereq.: 13.411, 13.412, 13.21
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Project studies focus on conversion design of
a naval ship. A new mission requirement is
defined, requiring significant ship modification.
Design plan formulation. Technical aspects ad-
dressed in sufficient detail to demonstrate
feasibility and desirability. Requires formal writ-
ten and verbal reports. Encourages participa-
tion by several students in a single project.
A. J. Brown

13.414 Projects in New Construction Naval
Ship Design

Prereq.: 13.411, 13.412, 13.21 and 13.413
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Project studies focus on preliminary design of
a new naval ship, fulfilling a given set of mis-
sion requirements. Design plan formulation.
System level trade-off studies. Emphasizes
achieving a balanced design and total system
integration. Requires formal written and oral
reports. Encourages participation by several
students in a single project extending over two
terms.
A. J. Brown

13.42 Design Principles for Ocean
Vehicles

Prereq.: 13.014; 13.021; 13.013J
G (1)
3-3-6 H-LEVEL Grad Credit

Linear systems and random processes; ocean
spectra and their selection; short-term and
long-term statistics. Inertia vs drag dominated
flows; seakeeping and sensitivity of seakeep-
ing performance. Maneuvering of surface and
underwater vehicles; equations of motion; mo-
tion stability; control surfaces. Design exer-
cises in application of principles.
M. S. Triantafyllou, M. Grosenbaugh

13.43 Design of Ocean Engineering
Systems

Prereq.: 13.10; 13.42
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Advanced topics in designing ocean engineer-
ing systems. Wave, current, and wind forces;
statistics of drift forces. Separation, oscillatory
flow around bluff bodies. Vortex-induced vibra-
tions. Galloping and flutter. Cable statics and
dynamics; dynamics and design of multileg
mooring systems. Riser statics and dynamics;
flexible risers; towed arrays. Dynamic position-
ing of vehicles; modeling issues and control
system design. Applications to floating struc-
tures include moored semisubmersibles and
ships, and tension-leg platforms.
M. S. Triantafyllou, M. Grosenbaugh

13.462 Projects in Ocean Engineering
System Design

Prereq.: 13.412 or 13.42 or 13.43
or 13.482J
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

Determines design criteria for ocean-based
systems such as ships, submersibles, plat-
forms, and their control systems derived from
a set of system mission requirements specified
by the student in consultation with the instruc-
tor. Preparation of preliminary design of sys-
tem fulfilling selected criteria. Students
intending to take 13.462 should plan a two-
term sequence, preferably beginning in the
first term. Participation by several students in a
single project encouraged. Primarily for
graduate students in Ocean Engineering;
others admitted by permission of instructor.
C. Chryssostomidis, M. S. Triantafyllou

13.471J Design and Implementation of
Computer-Aided Engineering Systems

(Same subject as 2.157J)
Prereq.: Permission of instructor
G (1)
3-2-7 H-LEVEL Grad Credit

See description under subject 2.157J.
N. M. Patrikalakis, D. C. Gossard

13.472J Computational Geometry

(Same subject as 2.158J)
Prereq.: 13.471J/2.157J
G (2)
3-0-9 H-LEVEL Grad Credit

Continuation of 13.471J with lectures,
homeworks, and group projects focusing on
advanced research topics. Algebraic and ra-
tional polynomial parametric representation
methods. Intersections and algebraic
geometry. Sweeps. Blending and parallel sur-
faces. Trimmed patches. Solid modeling; CSG,
boundary representation, octrees. Variational
geometry and tolerances. Feature repre-
sentation and recognition. Finite element dis-
cretizations. Interrogation of geometric models
for design, analysis, and fabrication.
N. M. Patrikalakis, D. C. Gossard

13.481J Multivariable Control Systems I

(Same subject as 6.233J, 10.28J, 16.320J)
Prereq.: 10.550 or 2.14 or 6.302 or 16.060
G (1)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.233J.
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W. Vander Velde

13.482J Multivariable Control Systems I
(Same subject as 6.234J, 10.29J, 16.330J)
Prereq.: 6.233J
G (2)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.234J
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W Vander Velde
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13.49 Maneuvering and Control of Surface
and Underwater Vehicles

Prereq.: 13.42
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Maneuvering motions of surface and under-
water vehicles. Derivation of equations of mo-
tion, hydrodynamic coefficients. Memory
effects. Linear and nonlinear forms of the equa-
tions of motion. Control surfaces; modeling
and design of control surfaces. Environmental
forces, simulation of a maneuvering vehicle.
Towed vehicles and their motion. Stability of
motion. Principles of multivariable automatic
control; effect of delays. Applications include
autopilots for surface vehicles; towing in open
seas; remotely operated vehicles; and single
point moorings.
M. S. Triantafyllou, M. Grosenbaugh

13.50 Numerical Methods with Applications
to Marine Problems

Prereq.: 18.03, 13.016 or 1.00
G (1)
3-0-9
Introduces numerical methods useful in the
solution of engineering problems. Repre-
sentation of numbers on the computer. Round-
off error. Solution of linear systems. Nonlinear
equations. Eigenvalues of dynamical systems.
Singular-value decomposition. Optimization
methods. Fast Fourier Transforms. Differential
equations. Solution of model problems from
ocean engineering by finite-difference, finite-
element, and spectral methods. Assigned com-
puter problems requiring familiarity with
FORTRAN.
P. D. Sclavounos

13.51 Computer Models of Physical and
Engineering Systems

Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. R. Williams

13.52 Management in Engineering

Prereq.: -
U (1)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
H. S. Marcus, D. P. Hoult

13.61 Project Management

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Review of project and development
economics. Project identification and demand
forecast techniques. Study of project design
and planning methods such as network plan-
ning techniques, technological forecasting and
evaluation methods, capital budgeting and
project control, and scheduling techniques.
Technical, operational, economic, and financial
project analyses reviewed. Methods for selec-
tion from among project alternatives dis-
cussed. Study of procurement or contracting
process. Approaches to project supervision,
test, and acceptance.
E. G. Frankel

13.62 Engineering Systems Analysis

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. de Neufville, J. P. Clark, F. Field

13.621 Engineering Risk-Benefit
Analysis

Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. W. Drake, A. R. Odoni

13.631 Port Planning and Development

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Port planning and development, including off-
shore and prefabricated ports. Systems en-
gineering study of one or more major port
projects. Approach to planning and develop-
ment of ports based on modern concepts of
systems analysis. Port demand forecasting,
design of port surveys, geotechnical analysis,
port structural design, port and breakwater
layout, port environmental impact analysis,
port project design and management, port
simulation, port financial and economic
analysis.
E. G. Frankel

13.64 Projects in Ocean Systems
Management

Prereq.: Permission of instructor
G (2)
3-3-6 H-LEVEL Grad Credit

Group projects based on current or past re-
search in ocean systems management.
Designed to develop students' ability to
analyze problems involving ocean engineering
and economics, operations research, manage-
ment, and policy and the law, and integrate
this information to formulate solutions. Projects
may include ocean-dumping systems, deep-
sea mining systems, and oil spill cleanup sys-
tems. Primarily for Course XIII-B students;
others admitted by permission of instructor.
H. S. Marcus, J. T. Kildow, J. D. Nyhart

13.65 Management of Manufacturing

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Analysis of manufacturing processes: facility
layout, production and material flow; process
and facility design; production process control;
mathematical and economic analysis of
production; production and inventory schedul-
ing; management information system; or-
ganization of manufacturing plants, planning of
manufacturing, measurement of capacity and
productivity, management of manufacturing.
E. G. Frankel

13.651J Management of Technological
Change in Manufacturing

(Same subject as 15.364J)
Prereq.: 14.01 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.364J.
E. G. Frankel

13.661 Economics of Marine Transportation
& Environment
(Revised Content)

Prereq.: 14.01 or permission of instructor
G (1)
2-0-4 H-LEVEL Grad Credit

Studies the economics of the principal markets
related to marine transportation, environment,
and natural resources. Structures of the
markets and industries involved; competition;
impacts of policies and regulations. Analysis of
the interrelationships among economic in-
frastructures, technologies, and national
policies. Introduces new concepts of national
income accounts, sustainability, and inter-
generational equity and their relationship to
current economic practice. Meets first half of
term.
J. T. Kildow, H. S. Marcus
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13.665J Logistical and Transportation
Planning Methods

(Same subject as 1.203J, 6.281J, 11.526J,
15.073J, 16.76J)
Prereq.: 6.431, 15.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.203J.
A. /. Barnett, R. C. Larson, A. R. Odoni

13.672 Probabilistic Models in Engineering

Prereq.: 1.03 or 6.041 or 18.05
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. R. Odoni, R. C. Larson

13.68 Management of Marine Systems

Prereq.: Permission of instructor
G (1)
2-0-4 H-LEVEL Grad Credit

Analyzes current technological, market, and
regulatory trends in various segments of the
marine industry and government development
programs such as liner trades, vessel charter-
ing, shipbuilding, defense systems, and coas-
tal facilities; description of resources and
constraints involved; impact of trends on
management decisions; analysis of problems
actually existing in the field. Meets during
second half of term.
H. S. Marcus

13.685J Manufacturing/Technology
Interface

(Same subject as 15.365J, 3.565J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.365J.
J. M. Utterback

13.69 International Shipping

Prereq.: 13.68
G (2)
3-0-6 H-LEVEL Grad Credit

Explores internal operating, financial, and
marketing issues as well as external market
and technological factors that define the inter-
national shipping environment. Includes effect
of world energy prices and changing trade pat-
terns upon demand for shipping; evaluation of
shipping capacity requirements in terms of
capital needs; new ship and terminal tech-
nologies; and effect of changing international
relationships. Other students admitted by per-
mission of the instructor.
H. S. Marcus

13.700-13.709 Special Problems in Ocean
Engineering

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Special reading, study, design, and/or inves-
tigation under supervision of a qualified mem-
ber of the staff. Topics in ocean engineering,
naval architecture, or marine engineering in-
dividually arranged to suit interests of the stu-
dent. Consult Department Student
Administration Office for subject number that
will be assigned in accordance with the techni-
cal area of the topic selected.
D. K.-P. Yue

13.711-13.719 Special Problems in Ocean
Engineering

Prereq.: -
G (1, IAP, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Special reading, study, design, and/or inves-
tigation under supervision of a member of the
staff. Topics in ocean engineering, naval ar-
chitecture, or marine engineering individually
arranged to suit interests of the student. Con-
sult Department Student Administration Office
for subject number that will be assigned by the
Department in accordance with the technical
area of the topic selected.
A. D. Carmichael

13.730-13.739 Seminar in Ocean
Engineering

Prereq.: Permission of instructor
G (1, 2)
Units arranged
Can be repeated for credit

Weekly lectures on new topics in ocean en-
gineering by members of the MIT staff. Con-
sult Department Student Administration Office
for subject number assigned in accordance
with the technical area of the topic selected.
Consult Department headquarters.

13.741J Sonar, Radar and Seismic Signal
Processing I
(Revised Content)

(Same subject as 6.455J, 12.518J)
Prereq.: 2.02 or 6.003, 6.041, 18.075 or 18.085
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Signal processing used in sonar, radar, and
geophysical data analysis. Active sonar and
radar systems: matched filters and ambiguity
functions, signal design of range/doppler
resolution; second moment characterizations
of random processes with correlation functions
and power density spectra, deconvolution,
spectral estimation by Fourier techniques and
adaptive methods.
A. B. Baggeroer, J. R. Fricke

13.742J Sonar, Radar and Seismic Signal
Processing II
(Revised Content)

(Same subject as 6.456J, 12.519J)
Prereq.: 13.741J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-1-8 H-LEVEL Grad Credit

Continuation of 13.741J emphasizing array
processing in sonar, radar, and seismics. Ar-
rays, beamformers and frequency-wave num-
ber filters, space-time process
characterization, bearing estimation for single
and multiple sources, directional and frequen-
cy wavenumber spectra estimation, adaptive
arrays, matched field processing, multichannel
deconvolution, velocity spectra estimation,
common depth point stacking, migration.
A. B. Baggeroer, J. R. Fricke

13.76 Introduction to Random Processes in
Ocean Engineering

Prereq.: 18.075 or 18.085 or 18.302
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Responses of ships and offshore structures to
random forces and motions of the sea. Fun-
damental material covered includes elements
of probability theory and statistics; harmonic
analysis of both deterministic and random
processes; linear systems including those with
frequency-dependent parameters such as
ships in a seaway; and statistics of extreme
forces and motions. Applications include
ocean waves, computer-aided seakeeping
analysis, offshore structures in storms, and es-
tablishment of design criteria on a statistical
basis.
J. H. Milgram

13.771 Engineering Internship

Prereq.: -
U (5)
0-6-0 [P/D/F]

13.774 Advanced Engineering Internship

Prereq.: 13.771
G (1, 2, S)
0-6-0
Enrollment restricted to students registered in
Course XIII-C Program. Provides academic
credit for assignments affiliated with XIII-C Pro-
gram. Students register for 13.771 during their
first and second company assignments, ac-
cumulating a total of 12 units. Students
register for 13.774 during their seventh com-
pany assignment (after admission to graduate
school), accumulating a total of 12 graduate
units (six units per term). Credit for above
given upon satisfactory completion of com-
pany assignments, receipt of favorable evalua-
tion by company supervisor, and receipt of
favorable evaluation of student's report about
company assignment by faculty advisor.
C. Chryssostomidis
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13.78 Entrepreneurship

Prereq.: -
G (2)
4-0-5

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult

13.80J Mechanical Vibration

(Same subject as 2.06J, 13.801)
Prereq.: 13.013J
U (2)
4-0-8

Concepts of mechanical vibration, including
free and forced vibration of single- and multi-
degree of freedom systems. Modal analysis
and matrix formulation of vibration problems.
Approximate solution techniques. Vibration
and modal analysis of continuous systems:
beams, rods, and strings. Introduction to the
response of linear systems to random excita-
tion. Numerous examples and applications of
vibration measurement and analysis, including
vibration isolation and dynamic absorbers,
ships, offshore structures, engines, and rotat-
ing machinery. Meets with graduate subject
13.801, but assignments differ.
J. K. Vandiver

13.801 Mechanical Vibration

(Subject meets with 13.80J, 2.06J)
Prereq.: 13.013J
G (2)
4-0-8

Meets with undergraduate subject 13.80J, but
assignments differ. See description under sub-
ject 13.80J.
J. K. Vandiver

13.81J Principles of Acoustics

(Same subject as 2.060J)
Prereq.: 13.013J or 2.03J or 16.040, 18.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.060J.
J. R. Fricke

13.82J Sound and Structural Vibration

(Same subject as 2.063J)
Prereq.: 2.03J or 16.040 or 18.075
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.063J.
P. Leehey, R. H. Lyon

13.83J Structural Acoustics

(Same subject as 2.067J)
Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 2.067J.
Y. Guo

13.851 Fundamentals and Applications of
Underwater Sound

Prereq.: 18.075
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamentals of underwater sound systems
as controlled by physical principles and proper-
ties of the ocean and its boundaries. Analyzes
sonar systems. Absorption in sea water. Trans-
mitting and receiving arrays. Scattering and
reflection. Refraction and propagation loss.
Noise and reverberation. Sonar design prin-
ciples. Applications in charting, navigation, sta-
tion keeping, target detection, fishing,
petroleum exploration, telemetry.
/. Dyer

13.861 Ocean and Seabed Acoustics I

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Surveys properties of the ocean and seabed
and of predictive models of sound propaga-
tion, in relation to sonar and seismic system
design and/or to the use of sound to uncover
oceanic properties. Ray and wave theories of
propagation in vertically stratified media. Ap-
proximate propagation theories for a horizontal-
ly varying ocean. Reflection and transmission
of sound by a stratified ocean bottom. Scatter-
ing from a random sea surface and seafloor.
Introductory knowledge of Fourier analysis,
probability, and wave propagation necessary.
(Woods Hole Staff): G. Frisk, H. Schmidt

13.862 Ocean and Seabed Acoustics I1
Prereq.: 13.861, permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Continuation of 13.861, treating ray and nor-
mal mode theory in greater depth, and intro-
ducing new topics. Emphasizes "state-of-
the-art" level in ocean acoustics. Includes ray
theory corrections, coupled normal-mode
theory, adiabatic approximation, continuum
and virtual modes, rough-surface scattering in
mode theory, ray-mode picture connections,
parabolic equation, and perturbative inversions
for both water column and ocean bottom
properties.
(Woods Hole Staff): J. F. Lynch

13.863 Ocean Seismo-Acoustics

Prereq.: 13.861 or permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Low-frequency propagation in ocean environ-
ments with special emphasis on the interaction
of the acoustic field in the water column with
seismic waves in seabed and ice cover. Stress
wave propagation in isotropic elastic solids.
The fluid-solid interface. Fluid-elastic
waveguides. Effects of seismic waves on
ocean sound propagation. Seismic interface
and surface waves in a stratified seabed. Seis-
mic waves in ice cover. Rough surface scatter-
ing of elastic waves. Seismo-acoustic ambient
noise. Anisotropic and porous media.
H. Schmidt

13.871 Wave Scattering by Rough Surfaces
and Randomly Inhomogenous Media

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

An advanced-level subject designed to give
the student working knowledge of current tech-
niques in scattering theory as applied to rough
surfaces and randomly inhomogenous media.
Major application of theory presented is to
ocean acoustics, but can be used in other
acoustic and electromagnetic applications. In-
cludes basics of scattering theory, volume scat-
tering by discrete scatters (aerosols),
scattering by rough surfaces, satellite remote
sensing using rough-surface scattering, and
acoustic scattering from ocean internal waves.
(Woods Hole Staff): J. F. Lynch, S. Rajan,
T. Stanton

13.91 The Nuclear Age

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. P. Ruina, G. W. Rathjens

13.92 Marine Policy

Prereq.: Permission of instructor
G (1)
3-0-3 H-LEVEL Grad Credit

Features major ocean uses and their as-
sociated national and international policy is-
sues through the vehicles of (a) policy analysis
and (b) case studies demonstrating relation-
ships among ocean uses and technologies,
and their relationship to politics and economic
infrastructure. Cases focus on living and non-
living resource management problems, and
pollution and conservation issues of environ-
mental management. Taught second half of
term in coordination with 13.94.
J. T. Kildow
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13.94 Law for Ocean Systems

Prereq.: Permission of instructor
G (1)
3-0-3 H-LEVEL Grad Credit

Legal framework for managing ocean re-
sources and systems, combining public law of
the sea, admiralty, and the US regulatory law.
OCS, tanker, shipping, and environmental
regimes. Law for new ocean technologies.
Questions of jurisdiction and implementation
arising from new economic zones or unilateral
extensions. Principles governing applicability
of civil and criminal law offshore. Focus on
relationship of law and technology. Taught first
half of term in coordination with 13.92.
J. D. Nyhart

13.960 The Environmental and Economic
Role of the Oceans
(New)

Prereq.: -
G (IAP)
1-0-2

The function of the oceans; ocean resources
and ocean uses in the areas of oil, gas,
mineral production, fisheries, energy, industry,
and transportation. Effect of ocean pollution on
ocean uses.
E. G. Frankel

13.964 Ocean Environmental Management
(New)

Prereq.: -
G (2)
3-0-6
Sources and magnitude of ocean pollution.
Physical, chemical, and biological processes
and effects. Impact of environmental degrada-
tion. Physical and operational ocean pollution
prevention, containment, and cleanup. Causes
of environmental degradation and regulation of
the ocean environment. Economics of ocean
environmental management. Ocean environ-
mental management and control of ocean
resources.
E. G. Frankel

13.98J Environmental Management of the
Coast

(Same subject as 11.365J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Methods and concepts introduced through
case studies of management options for meet-
ing coastal environmental challenges. Includes
background in physical and ecological coastal
processes to provide foundation for under-
standing natural process change and the im-
plications of human interventions which stretch
or alter natural limitations. Cases focus on in-
stitutional and regulatory frameworks for three
environmental themes: 1) impacts of global
climate change, 2) coastal pollution and
biodiversity, 3) conflicting uses.
J. T. Kildow

13.990J Oceanographic Systems I

(Same subject as 1.697J)
Prereq.: -
G (S)
2-4-6

Orientation subject for students entering the
MIT-Woods Hole Oceanographic Institution
program in oceanographic engineering.
Oceanographic experiments of research inter-
est in Cape Cod waters carried through experi-
ment design, instrumentation design,
construction and testing, deployment, data
taking and interpretation of results. Research
teams made up of students in 13.990J and
13.991J together. Participation in summer
seminars at WHOI. Given at Woods Hole
Oceanographic Institution.
(Woods Hole Staff)

13.991J Oceanographic Systems I
(Same subject as 1.698J)
Prereq.: -
G (S)
2-4-6

Continuation of 13.990J during second sum-
mer term in the MIT-WHOI Joint Program in
Oceanographic Engineering. Given at Woods
Hole Oceanographic Institution.
(Woods Hole Staff)

13.998 Principles of Oceanographic
Instrument Systems - Sensors and
Measurements

Prereq.: 2.03J/13.013J, 18.075
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-3-6 H-LEVEL Grad Credit

Introduces theoretical and practical principles
of design of oceanographic sensor systems.
Transducer characteristics for acoustic, cur-
rent, temperature, pressure, electric, magnetic,
gravity, salinity, velocity, heat flow, and optical
devices. Limitations on these devices imposed
by ocean environment. Signal conditioning and
recording; noise, sensitivity, and sampling
limitations; standards. Principles of state-of-the-
art systems being used in physical oceanog-
raphy, geophysics, submersibles, acoustics
discussed in lectures by experts in these
areas. Laboratory project required.
(Woods Hole Staff): A. Williams, J. Irish, Staff

13.999J Special Projects in Oceanographic
Engineering

(Same subject as 1.699J)
Prereq.: Permission of instructor
G (1, 2,S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Special problems in oceanographic engineer-
ing, carried out under supervision of members
of the staff of the Woods Hole Oceanographic
Institution. Given at Woods Hole Oceano-
graphic Institution.
(Woods Hole Staff)
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Course 14 Economics

For degree requirements, see listing in
Chapter VII under the School of
Humanities and Social Science.

General Economics and
Theory

14 UR Undergraduate Research

Prereq.: 14.02
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

14 URG Undergraduate Research
(New)

Prereq.: 14.02
U (1, 2)
Units arranged
Can be repeated for credit

Participation in research with an individual
faculty member or research group, inde-
pendent research or study under the guidance
of a faculty member. Admission by arrange-
ment with individual faculty member. Consult
L. Smith.

14.01 Principles of Microeconomics

Prereq.: -
U (1, 2)
3-0-9 HASS

Introduces microeconomic concepts and
analysis. Supply and demand analysis,
theories of the firm and of individual behavior,
competition and monopoly, welfare
economics. Applications to problems of current
economic policy.
Term 1: F. Fisher
Term 2: J. Harris

14.02 Principles of Macroeconomics
Prereq.: -
U (1, 2)
3-0-9 HASS

Provides an overview of macroeconomic is-
sues: the determination of output, employ-
ment, unemployment, interest rates, and
inflation. Monetary and fiscal policies are dis-
cussed, as are the public debt and internation-
al economic issues. Introduces basic models
of macroeconomics and illustrates principles
with the experience of the US and foreign
economies.
Term 1: R. Dornbusch
Term 2: 0. Blanchard

14.03 Intermediate Applied Microeconomics
(Revised Units)

Prereq.: 14.01
U (1, 2)
4-0-8 HASS

Presents basic theory and applications of con-
sumer and producer behavior and welfare
analysis at an intermediate level. Emphasizes
applications, including project evaluation, price
regulation, the measurement of poverty and
productivity, and the environment.
Term 1: D. Acemoglu
Term 2: Consult P. Temin.

14.04 Intermediate Microeconomic Theory

Prereq.: 14.01, 18.02, 18.06
U (1)
4-0-8

Basic theory of consumer behavior, production
and costs, partial equilibrium analysis of pric-
ing in competitive and monopolistic markets,
general equilibrium, welfare, and externalities.
Credit not given for both 14.03 and 14.04. May
not count toward HASS Requirement.
L. Smith

14.05 Intermediate Applied
Macroeconomics
(Revised Units)

Prereq.: 14.02
U (2)
4-0-8 HASS

Takes up two or three current policy problems
and studies them in some depth using the
tools of macroeconomics. Possible topics in-
clude the macroeconomic importance of
education and training, the US trade deficit
and the dollar exchange rate, policies to in-
crease the volume of investment, and the mac-
roeconomics of a united Europe.
R. M. Solow

14.06 Intermediate Macroeconomic Theory

Prereq.: 14.02
U (1)
3-0-9 HASS

Review of the basic tools seen in 14.02. Exten-
sions and applications to current macro-
economic issues. Unemployment. Costs of
inflation and disinflation. Budget deficits and
hyperinflation. Interest rates and the stock
market. Long-term growth. Open economy.
Trade deficits, exchange rates.
R. Benabou

14.09 Reading Seminar in Economics

Prereq.: 14.04,14.06
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Reading and discussion of particular topics in
economics. Open to undergraduate students
by arrangement with individual faculty mem-
bers. Consult Department Headquarters.
P. Temin

14.10 Reading Seminar in Economics

Prereq.: 14.04, 14.06
U (1, 2)
Units arranged

Reading and discussion of particular topics in
economics. Open to undergraduate students
by arrangement with individual faculty mem-
bers. Consult Department Headquarters.
P. Temin

14.101 Mathematics for Economists

Prereq.: 18.01, 18.02
G (1)
4-0-8

Introduction to optimization for micro-
economics. Linear algebra and mathematical
prerequisites for econometrics. Multivariate dif-
ferential calculus. Differential equations. Static
and dynamic optimization theory.
Consult P. Temin.

14.11 Special Topics in Economics
(New)

Prereq.: 14.03 or 14.04; 14.05 or 14.06
U (1)
3-0-9 HASS

Considers issues of current research interest
in economics. Topic for 1993-94: problems in
money and banking. Topics vary from year to
year.
S. Davis



14.111J Economics of Project
Evaluation

(Same subject as 1.1 48J)
Prereq.: 14.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Economic concepts of costs and benefits:
consumers' and producers' surplus; shadow
prices; and valuation of nonmarket costs and
benefits. Investment criteria and the discount
rate: static and dynamic; treatment of risk and
uncertainty. Pricing policies and investment
rules. Case studies in developed and under-
developed countries.
J. Rothenberg

14.12 Economic Applications of Game
Theory

Prereq.: 14.01
U (2)
3-0-9 HASS

Analysis of strategic behavior in multi-person
economic settings. Introduction to Nash equi-
librium and its refinements: subgame-perfect
equilibrium and sequential equilibrium. Applica-
tions drawn from labor economics, the
economics of organization, industrial organiza-
tion, international trade, and macroeconomics.
M. Rabin

14.121 Microeconomic Theory I

Prereq.: 14.04
G (1)
2-0-4 H-LEVEL Grad Credit

Individual choice and production, including
competitive markets and monopoly.
F. Fisher

14.122 Microeconomic Theory 11

Prereq.: 14.04
G (1)
2-0-4 H-LEVEL Grad Credit

Introduction to game theory.
M. Rabin

14.123 Microeconomic Theory IlIl

Prereq.: 14.04
G (2)
2-0-4 H-LEVEL Grad Credit

General equilibrium, welfare theory, capital
theory, incomplete markets, externalities,
public goods.
P. A. Diamond

14.124 Microeconomic Theory IV

Prereq.: 14.04
G (2)
2-0-4 H-LEVEL Grad Credit

Information economics, externalities, public
goods and incentives. Market equilibria and
contract design.
T. Piketty

14.126 Game Theory

Prereq.: 14.122
G (2)
3-0-9 H-LEVEL Grad Credit

How should economic agents act when their
optimal decisions depend on what they expect
other agents to do? We study various models
of equilibrium, which correspond to different
ways that the agents might make their
decisions, and various kinds of games - static
games, dynamic games, and games of incom-
plete information.
M. Rabin, L. Smith

14.127 Economics of Uncertainty

Prereq.: 14.124
G (1)
3-0-9 H-LEVEL Grad Credit

Static choice theory: utility, expected utility,
and non-expected utility theory; risk and risk
aversion. Dynamic choice theory: 1) optimal
search: price search, "classic" models of non-
price search, price search equilibrium; 2) op-
timal auctions: revenue equivalence,
mechanism design, auctions with risk aversion
or correlated values; 3) Bayesian learning:
sampling with learning, experimentation, the
two-armed bandit; 4) dynamic decision
analysis: informational externalities, prob-
abilistic reasoning.
L. Smith

14.128 Dynamic Optimization and
Economic Applications

Prereq.: 14.101
G (2)
3-0-9 H-LEVEL Grad Credit

Discrete and continuous time optimal control.
Maximum principle, calculus of variations,
dynamic programming. Dynamic consistency.
Contractions, Blackwell's theorem. Stochastic
processes and integrals; Ito calculus. Stochas-
tic optimal control. Regulated Brownian mo-
tion. Applications: growth, natural resources,
durable goods, asset pricing, learning, irre-
versibility.
R. Benabou

14.129 Contract Theory

Prereq.: 14.121, 14.451
G (1)
3-0-6 H-LEVEL Grad Credit

Recent developments in contract theory. In-
cludes hidden action and hidden information
models, dynamic agency issues, incomplete
contracts, and applications of contract theory
to theories of the firm and corporate financial
structure.
A. Baneree, L. Stole
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14.147 Topics in Game Theory

Prereq.: 14.126
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Advanced subject on topics of current re-
search interest. Possible topics include
repeated games with moral hazard, games
played by automata, learning rules and
bounded rationality in games, and various
types of equilibrium refinements.
Consult L. Smith.

14.191 Independent Research Paper
(New)

Prereq.: Permission of instructor
G (1, 2)
0-12-0 H-LEVEL Grad Credit

Under supervision of a faculty member ap-
proved by Graduate Registration Officer, stu-
dent writes a substantial, probably publishable
research paper. Must be completed by the end
of a student's second year to satisfy the
departmental minor requirement.
R. S. Eckaus

14.192 Supervised Research
(New)

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit

Student participates in research with an in-
dividual faculty member approved by Graduate
Registration Officer. Student receives some ex-
posure to the full process of research.
R. S. Eckaus

14.193 Seminar: Topics in Economics

Prereq.: 14.121, 14.451
G (1)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

14.194 Seminar: Topics in Economics

Prereq.: 14.121, 14.451
G (2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Reading and discussion of special topics in
economics. Open to advanced graduate stu-
dents by arrangement with individual members
of the staff. Consult Department Headquarters.

14.195, 14.196 Reading Seminar in
Economics

Prereq.: 14.121
G (1, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Reading and discussion of special topics in
economics. Open to advanced graduate stu-
dents by arrangement with individual members
of the staff. Consult Department Headquarters.



134D School of Humanities and Social Science

14.198, 14.199 Teaching Introductory
Economics

Prereq.: -
G (1, 2)
2-0-2 [P/D/F]
Can be repeated for credit

Required of teaching assistants in introductory
economics (14.01 and 14.02), under super-
vision of the faculty member in charge of the
subject.
14.198: F. Fisher, J. Harris
14.199: R. Dornbusch, 0. Blanchard

Industrial Organization

14.20 Industrial Organization and
Public Policy

Prereq.: 14.01
U (1)
3-0-9 HASS

Analyzes the structure, behavior, and perfor-
mance of industrial markets in the US
economy. Topics include the measurement of
monopoly power, behavior of firms in oligopoly
markets, static and dynamic measures of
market performance, antitrust, research and
development, and consumer protection policy.
D. Genesove

14.21J Health Economics

(Same subject as HST 901J)
Prereq.: 14.01
U (1)
3-0-9 HASS

Applies theoretical and empirical tools of
economics to problems of health and medical
care delivery. Concentrates on selected
problems such as the welfare economics of
"health" as a commodity, hospitals and the
nonprofit sector, human capital and medical
manpower, and innovation in medicine.
J. E. Harris

14.23 Government Regulation of Industry

Prereq.: 14.01
U (2)
3-0-9 HASS

Examines economic rationale for and against
government regulation of prices, entry, product
quality, and production processes in various
US industries. Theoretically and empirically ex-
amines economic effects of current regulatory
practices through case studies.
P. Joskow

14.24 Law and Economics

Prereq.: 14.01
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Analysis of the role of the legal system in
providing an appropriate framework for market
transactions and in encouraging efficient
resource allocation. Contracts, torts, and
property law emphasized. Cases considered
along with general theory.
Consult P. Temin.

14.25J Aerospace Economics

(Same subject as 16.70J)
Prereq.: 14.01
U (1)
3-0-9 HASS

See description under subject 16.70J.
P. P. Belobaba

14.271 Industrial Organization I

Prereq.: 14.04
G (1)
3-0-9 H-LEVEL Grad Credit

Covers theoretical and empirical work dealing
with the structure, behavior, and performance
of firms and markets and core issues in an-
titrust. Topics include the organization of the
firm, monopoly, price discrimination, oligopoly,
monopolistic competition, product selection,
and advertising. Theoretical and empirical
work are integrated in each area.
D. Genesove, L. Stole

14.272 Industrial Organization 11
Prereq.: 14.271
G (2)
3-0-9 H-LEVEL Grad Credit

A continuation of 14.271. Focuses on public
policy issues in industrial organization includ-
ing topics in antitrust policy, natural monopoly
and its regulation, deregulation, public
enterprise, patent, and R & D policies, and the
political economy of regulation. Theoretical
and empirical work is integrated in each area.
P. Joskow, R. Schmalensee

14.286J Health Economics Seminar

(Same subject as HST 903J)
Prereq.: 14.04, permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Advanced subject in economics of health-care
sector. Considers selected topics in depth,
such as design and financing of health in-
surance, behavior of nonprofit hospitals, role
of competition in the medical care market,
determinants of technological change, and ef-
fects of government regulations.
J. E. Harris

Statistics and
Econometrics

14.30 Introduction to Statistical Method
in Economics

Prereq.: 18.02
U (1, 2)
4-0-8 REST

Self-contained introduction to statistics with
economic applications. Elements of probability
theory, sampling theory, statistical estimation,
regression analysis, and hypothesis testing.
Elementary econometrics and other applica-
tions of statistical tools to economic data. May
not count toward HASS Requirement.
Term 1: J. Bai
Term 2: A. Bernard

14.31 Econometrics

Prereq.: 14.30
U (1, 2)
3-4-5 Institute LAB

Introduces basic econometric techniques, em-
phasizing the application of least squares to
cross section and time series data. Examples
include applications to labor economics,
monetary economics, and financial economics.
Advanced topics covered include two stage
least squares, panel data methods, and limited
dependent variable models. May not count
toward HASS Requirement.
Term 1: R. Caballero
Term 2: W. Newey

14.381 Statistical Method in Economics

Prereq.: 18.02
G (1)
4-0-8 H-LEVEL Grad Credit

Self-contained introduction to probability and
statistics as background for advanced
econometrics. Elements of probability theory;
sampling theory; asymptotic approximations;
decision-theory approach to statistical estima-
tion focusing on regression, hypothesis testing,
and maximum-likelihood methods. Illustrations
from economics and application of these con-
cepts to economic problems.
J. Bai

14.382 Econometrics I

Prereq.: 14.101, 14.381
G (2)
4-0-8 H-LEVEL Grad Credit

Specification and estimation of the linear
regression model. Departures from the stand-
ard Gauss-Markov assumptions include
heteroskedasticity, serial correlation, and er-
rors in variables. Advanced topics include
generalized least squares, instrumental vari-
ables, nonlinear regression, and limited de-
pendent variable models. Economic
applications are discussed.
J. Hausman, W. Newey



14.383 Econometrics 11
(Revised Content)

Prereq.: 14.382
G (1, IAP)
4-0-8 H-LEVEL Grad Credit

Covers identification and estimation of linear
and nonlinear simultaneous equations models.
Requires econometrics paper due at the end
of IAP.
J. Hausman

14.384 Time Series Analysis

Prereq.: 14.382 or 14.388
G (1)
2-0-4 H-LEVEL Grad Credit

Theory and application of time series methods
in econometrics, including representation
theorems, decomposition theorems, predic-
tion, spectral analysis, estimation with station-
ary and nonstationary processes, VARs, and
method of moments procedures.
J. Bai

14.385 Nonlinear Econometric Analysis

Prereq.: 14.382 or permission of instructor
G (1)
2-0-4 H-LEVEL Grad Credit

Nonlinear econometric models, including large
sample theory for estimation and hypothesis
testing, generalized method of moments, es-
timation of censored and truncated specifica-
tions and duration models, and nonparametric
and semiparametric estimation. Methods il-
lustrated with economic applications.
W. Newey

14.386 Advanced Topics in Applied
Econometrics
(Revised Content and Units)

Prereq.: 14.383
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-0-8 H-LEVEL Grad Credit

Focuses on recent applications of econometric
tools. Topics include models for duration data,
discrete choice models, nonparametric
methods, quantile regression and other robust
methods. Applications will be drawn from labor
economics, financial economics, industrial or-
ganization, and public finance.
Consult W. Newey.

14.388 Applied Econometrics

Prereq.: 14.101, 14.381
G (2)
3-0-9 H-LEVEL Grad Credit

Theory and practice of econometrics. The
linear regression model, tests of hypotheses,
generalized least squares, distributed lags,
and simultaneous equations. Emphasizes ap-
plications.
D. Costa

14.389 Econometrics Paper
(Revised Content)

Prereq.: 14.382 or 14.31
G (1, IAP)
0-0-3 H-LEVEL Grad Credit

Paper in econometrics required of all Ph.D.
candidates who do not take 14.383. Paper due
at the end of IAP.
J. Hausman

14.39 Undergraduate Thesis Seminar

Prereq.: 14.04, 14.06, 14.31
U (1)
2-0-4
Develops a thesis proposal through critical
reading of current research, review, and writ-
ten commentary on topical literature, individual
reports, and conferences. For senior
economics majors. Half-term subject.
P. Temin

14.391 Workshop in Economic
Research

Prereq.: 14.124, 14.454
G (1)
2-0-10 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

14.392 Workshop in Economic
Research

Prereq.: 14.124, 14.454
G (2)
2-0-10 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Develops research ability of students through
intensive discussion of dissertation research
as it proceeds, individual or group research
projects, and critical appraisal of current
reported research. Workshops divided into
various fields, depending on interest and size.
Consult R. S. Eckaus.

For additional related subjects in Statistics,
see:

Civil and Environmental Engineering: 1.03,
1.06, 1.101J, 1.151, 1.155, 1.202, 1.203J,
1.205, and 1.732

Electrical Engineering and Computer
Science: 6.040, 6.041, 6.231, 6.234J, 6.262,
6.264J, 6.430, 6.431, 6.432, and 6.435

Management: 15.034, 15.036, 15.061,
15.065, 15.070, 15.074, 15.075, 15.076,
15.078, 15.098, 15.306, and 15.832

Mathematics: 18.05,18.175, 18.177, 18.313,
18.440,18.441, 18.443, 18.445, 18.446,
18.454, 18.455, 18.456J, 18.458, 18.465, and
18.466
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See also: 2.061, 2.830, 2.870, 5.70, 5.72,
7.02, 8.044, 8.08, 10.816, 11.220, 11.221,
16.322, 17.842, 17.846, 22.38, 22.40,
HST 191, and MAS 622.

National Income and
Finance

14.40 Advanced Macroeconomics

Prereq.: 14.03 or 14.04, 14.06, 14.31
U (2)
3-0-9 HASS

Topics in advanced macroeconomics, possibly
including but not limited to models of economic
growth, term structure of interest rates, money
and overlapping generations, time-inconsisten-
cy, consumption, and investment. Emphasis
on relating theory to testable implications.
A. Bernard

14.41 Public Economics

Prereq.: 14.03 or 14.04
U (1)
3-0-9 HASS

The study of government expenditure and taxa-
tion policies. Externalities and the environ-
ment; public goods such as education; social
insurance programs such as social security;
health and welfare policy; optimal taxation
policy; taxation and economic behavior.
J. Gruber

14.416J Introduction to Financial
Economics

(Same subject as 15.416J)
Prereq.: 14.121, 14.122
G (1, 2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.416J.
J.-L. Vila

14.42 Economics of the Environment

Prereq.: 14.01
U (2)
3-0-9 HASS

Pollution as market externalities. Theory of pol-
lution and market breakdown. Optimal environ-
mental/nonenvironmental balance. Modeling
environmental quality. Environmental policy:
social valuation, alternative approaches to op-
timal policy, policy instruments, administrative
barriers. Air and water pollution, hazardous
wastes, international and global pollution,
global climate change. Environmental conflicts
with energy development, growth, and un-
employment. Graduate students welcome.
J. Rothenberg
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14.440J Advanced Financial
Economics I

(Same subject as 15.440J)
Prereq.: 15.416J
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 15.440J.
C.-F. Huang

14.441J Advanced Financial
Economics I1
(Same subject as 15.441J)
Prereq.: 15.416J
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 15.441J.
D. Scharfstein, J. Stein

14.442J Advanced Financial Economics Ill

(Same subject as 15.442J)
Prereq.: 14.382, 15.415, 15.416J, or permis-
sion of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 15.442J.
A. W. Lo

14.451 Macroeconomic Theory I

Prereq.: 14.06
G (2)
2-0-4 H-LEVEL Grad Credit

Macroeconomic analysis of general equi-
librium; Ramsey and overlapping generations
models; introduction to modern growth theory;
monetary and fiscal policies; introduction to
analysis of the open economy.
S. Fischer

14.452 Macroeconomic Theory 11

Prereq.: 14.451
G (2)
2-0-4 H-LEVEL Grad Credit

Determination of aggregate output, employ-
ment, and prices. Keynes and alternative
theories. The Phillips Curve. Inflation in the
short and long run. The new classical
economics. Half-term subject.
R. Dornbusch

14.453 Macroeconomic Theory III

Prereq.: 14.452
G (1)
2-0-4 H-LEVEL Grad Credit

Consumption and savings decisions under cer-
tainty and uncertainty. Aggregate savings,
wealth, and fiscal policy. Portfolio choice and
asset pricing. Investment and finance
decisions. Inventories. Half-term subject.
R. Caballero

14.454 Macroeconomic Theory IV

Prereq.: 14.453
G (1)
2-0-4 H-LEVEL Grad Credit

Recent ideas in macroeconomic theory, espe-
cially those emphasizing possibility of multiple
Pareto-rankable equilibria. Models of
economic growth, old and new. Emphasis on
underlying presumptions. Half-term subject.
R. M. Solow

14.461 Monetary Economics I

Prereq.: 14.122, 14.452
G (1)
3-0-9 H-LEVEL Grad Credit

Dynamics of capital accumulation. Role of
money and effects of inflation. Existence and
real effects of bubbles. Dynamic behavior
under uncertainty. Dynamic efficiency under
uncertainty. Real business cycles. Sources of
fluctuations. Asset pricing.
0. Blanchard, M. Kremer

14.462 Monetary Economics II
Prereq.: 14.461
G (2)
3-0-9 H-LEVEL Grad Credit

Income distribution and human capital. Multi-
ple equilibria and fluctuations. Flows, wages,
and employment in labor markets. Real and
nominal rigidities. Contracts, unions, efficiency
wages. Markups. Effects of inflation. Learning
and stability. Uncertainty and irreversibility. Ag-
gregation.
D. Acemoglu, R. Benabou

14.463 Monetary Economics III

Prereq.: 14.462
G (2)
3-0-9 H-LEVEL Grad Credit

Asset pricing, the volatility of asset prices, the
determination of the term structure of interest
rates, credit markets and financial intermedia-
tion, asset markets, the role of insiders, bub-
bles and fads, the transmission of monetary
policy.
A. Bernard, R. Caballero

14.471 Public Economics I

Prereq.: 14.04
G (1)
3-0-9 H-LEVEL Grad Credit

Theory and evidence on government taxation
policy. Topics include tax incidence; optimal
tax theory; the effect of taxation on labor supp-
ly and savings; corrective taxes for exter-
nalities; taxation and corporate behavior; and
tax expenditure policy.
P. Diamond, J. Gruber

14.472 Public Economics II
Prereq.: 14.04
G (2)
3-0-9 H-LEVEL Grad Credit

Theory and evidence on government expendi-
ture policy. Topics include the theory of public
goods; education; state and local public
goods; political economy; redistribution and
welfare policy; social insurance programs such
as social security and unemployment in-
surance; and health care policy.
P. Diamond, J. Gruber

14.473 Income Distribution, Growth, and
Public Finance
(New)

Prereq.: 14.04
G (1)
3-0-9 H-LEVEL Grad Credit

Reviews recent theoretical advances in the
field of income distribution and growth, as well
as the economics and politics of public finance
in these models. Topics include income and
wealth distribution with asymmetric informa-
tion, models of social and intergenerational
mobility, optimal dynamic taxation, growth and
unemployment, politico-economic models.
Also covers long-run empirical evidence on in-
come distribution, inequality, social mobility,
and growth.
T. Piketty

International, Interregional,
and Urban Economics

14.51J Economic Structure of Cities

(Same subject as 11.008J)
Prereq.: 14.01, 14.02
U (1)
3-0-9 HASS

Analyzes urban problems in the US using an
economic methodology. Metropolitan growth
and suburbanization, housing markets,
segregation and urban renewal, transportation
systems, ghetto economic development,
municipal finance, and social service provision.
Develops theoretical perspectives primarily
through discussion of policy issues.
J. Rothenberg

14.54 International Trade
(Revised Units)

Prereq.: 14.03 or 14.04
U (1)
4-0-8 HASS
Theory of international trade and finance, and
application to current problems such as ex-
change restrictions, economic development,
and foreign aid.
P. Krugman
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14.573J Spatial Economics of Cities and
Regions
(Revised Content)

(Same subject as 1.283J, 11.410J)
Prereq.: 14.03 or 14.04
G (1)
3-0-9 H-LEVEL Grad Credit

The theory of urban land and housing markets,
and the spatial development of cities. The
roles played by transportation systems and
local governments in shaping urban location
patterns. Interregional competition and the
migration of labor and capital.
W. Wheaton

14.581 International Economics I
(Revised Units)

Prereq.: 14.04
G (1)
4-0-8 H-LEVEL Grad Credit

Theory of international trade and applications
in commercial policy.
P. Krugman

14.582 International Economics 11
(Revised Units)

Prereq.: 14.06, 14.581
G (2)
4-0-8 H-LEVEL Grad Credit

Adjustment in international economic relations,
with attention to foreign exchange markets,
balances of payments, and the international
monetary system.
R. Dornbusch

Labor Economics and
Industrial Relations

14.63 Labor in Industrial Society

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS-D, Category 4

Offers students a cultural and historical over-
view of the organization of labor in industrial
society from colonial times to the present.
Course material has been selected to obtain a
broad overview of issues at the workplace
such as changes in the labor force, collective
bargaining, alternative systems of labor-
management relations, comparable worth, and
technology and human resource policy.
Course readings include political and
economic theories, historical surveys, and
case studies of workers and plants. May not
be used for Economics concentration, minor,
or major.
Consult M. Piore.

14.64 Labor Economics and Public Policy

Prereq.: 14.01 or permission of instructor
U (2)
3-0-9 HASS

Theory and evidence concerning the function-
ing of the labor market. Particular emphasis on
the roles played by government and institu-
tions. Topics include minimum wages, labor
market effects of social insurance and welfare
programs, the collective bargaining relation-
ship, discrimination, and unemployment.
S. Pischke

14.65J American Living Standards and
Income Inequality
(New)

(Same subject as 11.022J)
Prereq.: 14.01 or equivalent
U (2)
3-0-9 HASS

Provides students with an integrated overview
of the contemporary US economy, including
trends in living standards and income ine-
quality, productivity within the manufacturing
and service sectors, savings and investment,
the federal budget deficit, and the changing na-
ture of the poverty population. Applies recent
economic research and economic data sour-
ces to the study of current economic problems.
F. S. Levy

14.671J Labor Economics I

(Same subject as 15.671J)
Prereq.: 14.64 or 15.663
G (1)
3-0-6 H-LEVEL Grad Credit

An introduction to labor economics, stressing
various approaches to labor market analysis.
Special attention devoted to theories of worker
motivation and behavior, the structure of labor
markets, the determinants of wage levels and
unemployment, and the historical evolution of
labor market institutions.
S. Davis, M. Piore

14.672J Labor Economics I1
(Same subject as 15.672J)
Prereq.: 14.04
G (2)
3-0-6 H-LEVEL Grad Credit

Neoclassical analysis of the labor market and
its institutions. A systematic development of
the theory of labor supply, labor demand, and
human capital theory. Topics discussed also in-
clude theories of wage and employment deter-
mination, turnover, search, unemployment,
equalizing differences, and union behavior.
Particular emphasis on the interaction of
theoretical and empirical modeling.
S. Pischke, S. Davis

14.674J International Perspectives on
Industrial Relations and Human Resource
Development

(Same subject as 15.674J)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.674J.
R. M. Locke

14.691J Research Seminar in Industrial
Relations

(Same subject as 15.691J)
Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

14.692J Research Seminar in Industrial
Relations

(Same subject as 15.692J)
Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

See description under subject 15.692J.
Information: T. A. Kochan.

Economic History

14.71 Economic History
(Revised Content)

Prereq.: 14.01, 14.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

A survey of economic history from the in-*
dustrial revolution to the present. How in-
dustrialization spread, how world wars
destabilized the world economy, how national
economies and the international economy
have developed since the Second World War.
Most material deals with Western Europe and
North America.
Consult P. Temin.

14.72 Markets and the State

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

This subject addresses the evolution of the
modern capitalist economy and evaluates its
current structure and performance. Various
paradigms of economics are contrasted and
compared (neoclassical, Marxist,
socioeconomic, and neocorporate) in order to
understand how modern capitalism has been
shaped and how it functions in today's
economy. Readings include classics in
economic thought as well as contemporary
analyses. Subject stresses general analytic
reasoning and problem formulation rather than
specific analytic techniques. May not be used
for Economics concentration, minor, or major.
M. Piore
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14.731 Economic History
(Revised Content)

Prereq.: 14.04, 14.06
G (1, IAP)
3-0-9 H-LEVEL Grad Credit

A survey of world economic history, designed
to introduce economics graduate students to
the subject matter and methodology of
economic history. Topics chosen to show a
wide variety of historical experience and il-
luminate the process of industrialization. Term
paper due at the end of IAP.
D. Costa, P. Temin

Economic Development

14.74 Economic Growth and Development

Prereq.: 14.02
U (1)
3-0-9 HASS
Analysis of the problems of economic growth
and development, both microeconomic and
macroeconomic, including peasant agriculture,
demographic change, urbanization, and inter-
national trade. Considers policy measures to
promote development and growth.
R. S. Eckaus

14.75J Theories of Economic Development
(Revised Content)

(Same subject as 11 .102J)
Prereq.: 14.01, 14.02
U (1)
3-0-9 HASS

Macroeconomic theories of economic growth
emphasizing capital accumulation, education,
technological change, and political economy;
classic theories of development emphasizing
division of labor, dualistic economies, and the
big push; and their application to developing
countries. Topics in economic development:
diffusion of technology, population and fertility,
corruption, education, and health polity.
M. Kremer

14.771 Development Economics:
Microeconomic Issues and Policy Models
(Revised Content)

Prereq.: 14.121, 14.122
G (1)
3-0-9 H-LEVEL Grad Credit

Agricultural issues: peasant behavior, land
tenancy, factor markets, and factor payments.
Urban employment, rural-urban migration, and
urban bias. National income estimation and
welfare evaluation, social accounting matrices.
Rationale and experience of development
policy, aggregate growth models, multisector
static and dynamic programming models,
general equilibrium models, cost-benefit
analysis.
R. S. Eckaus

14.772 Development Economics:
Macroeconomics and Socialist Economy
Reform

Prereq.: 14.121, 14.451
G (2)
3-0-9 H-LEVEL Grad Credit

Basic models of growth and development, and
empirical evidence; alternative development
strategies; structural adjustment - trade
liberalization, financial markets, macro-
economic stabilization and reform, the agricul-
tural sector, institutional development;
technology transfer; aid effectiveness; socialist
economy reform, Eastern Europe, the former
Soviet Union, and China.
A. Baneree, S. Fischer

14.778J Theories of Economic
Development

(Same subject as 11.486J)
Prereq.: 11.210
G (1)
3-0-6
See description under subject 11.486J.
Staff

14.781J Political Economy 1: Theories of
the State and the Economy

(Same subject as 17.156J, 15.678J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.156J.
S. Berger, M. J. Piore
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Course 15 Management

For degree requirements, see listing in
Chapter VII under the Sloan School of
Management.

Managerial Economics

15.011 Applied Microeconomics

Prereq.: 14.01
G (1)
3-0-6
Applies basic principles of microeconomic
analysis to management decision making and
analysis of public policy. Cost and production,
utility and demand, competitive and noncom-
petitive market behavior. Analyzes pricing and
related policies. Rationales for and effects of
antitrust and government regulation.
T. M. Stoker, N. L. Rose, R. S. Pindyck

15.012 Applied Macro- and International
Economics
(Revised Units)

Prereq.: 14.02
G (2)
2-0-4 H-LEVEL Grad Credit

Macroeconomics, international trade, and
finance, emphasizing implications for business
behavior. Macroeconomic topics: business
cycles and their effects on industries,
monetary and fiscal policy, inflation and un-
employment, long-term economic growth, mac-
roeconomic forecasting. International topics:
balance of payments, exchange rates, trade
and specialization, trade policy and internation-
al competition, international lending and invest-
ment, the international debt problem and world
financial system.
J. J. Rotemberg

15.013 Industrial Economics for Strategic
Decisions

Prereq.: 15.011 or equivalent
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Applies principles of industrial economics most
relevant for corporate strategy to analysis of
particular industries. Topics: market structure
and its determinants; rational strategic be-
havior in "small numbers" situations; strategies
for price and nonprice competition; dynamic
pricing, output, and advertising decisions;
entry and entry deterrence; evolution of in-
dustries.
R. S. Pindyck, T. M. Stoker

15.017 Strategic Uses and Effects of
Government Regulation

Prereq.: 15.011 or 14.01
G (2)
3-0-6 H-LEVEL Grad Credit

Government regulation of business activity, the
strategic uses of political and regulatory
processes by firms, and business and market
responses to government policies. Usually
covers aspects of anti-trust policy, financial
market regulations, safety and environmental
policies, utility regulation, and transportation
policy.
N. L. Rose, R. L. Schmalensee

15.018 Management and Policy in the
International Economy

Prereq.: 15.012 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Examines major economic developments shap-
ing the international business environment.
Topics: causes and implications of exchange
rate volatility, persistent imbalances in the US,
integration in Western Europe, transition in
Eastern Europe, crisis and stabilization in debt-
or economies, Japan's expanding international
role, and trends in foreign direct investment.
S. L. Brainard, J. Rotemberg

15.019 International Trade and
Competition

Prereq.: 15.012 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Examines international competitive strategy
and the role of governments in setting the
terms of international competition, drawing on
insights from economics. Topics: competitive
advantage and comparative advantage, pric-
ing across exchange rates, location and licens-
ing decisions, foreign direct investment, trade
with scale and learning effects, protectionism,
strategic trade policy, and recent develop-
ments in the trade environment.
S. L. Brainard

15.020 Competition in
Telecommunications

Prereq.: 15.011 or equivalent
G (1)
3-0-6 H-LEVEL Grad Credit

Provides an introduction to the economics and
technology of telecommunications markets, in-
cluding markets for exchange and information
services, cellular telephone, long-distance ser-
vices, and both carrier and customer equip-
ment. The shifting roles of technology, Federal
and state government policies, and business
strategies in shaping these rapidly changing
markets are studied, with particular emphasis
on the roles of regulation and competition and
the likely evolution of technology, public policy,
and market structures over the next decade.
J. A. Hausman

15.021J Real Estate Economics

(Same subject as 11.433J)
Prereq.: 14.01 or 15.011
G (2)
4-0-8 H-LEVEL Grad Credit

See description under subject 11.433J.
W. C. Wheaton

15.022J Economics of Energy and
Environmental Policy
(New)

(Same subject as TPP 60J)
Prereq.: 14.01, 15.011 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Application of economic principles to the
analysis and design of energy and environmen-
tal policy. Includes review of the evolution of
energy markets and development of related en-
vironmental issues. Particular attention is
given to the role of technology. Topics:
resource theory, theory and measurement of
externalities, regulatory structures, public
choice, and technological change.
A. D. Ellerman



140D Sloan School of Management

15.024 Applied Economics for Managers

Prereq.: -
G (S)
3-0-6
Develops facility with concepts, language, and
analysis tools of economics. Covers
microeconomics, macroeconomics, and inter-
national trade and payments. Emphasizes in-
tegration of theory, data, and judgment in the
analysis of corporate decisions and public
policy, and in the assessment of changing US
and international business environments.
Restricted to Sloan Fellows.
H. D. Jacoby

15.034 Applied Econometrics and
Forecasting for Management

Prereq.: 15.061 or 15.075
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Designed for students interested in applied
econometric methods and business forecast-
ing. Emphasizes problems typically en-
countered in conducting empirical econometric
research, in evaluating results and testing
hypotheses, and in constructing forecasts. Re-
quires term paper. Problem sets involve work-
ing with econometric models and the computer.
T. M. Stoker

15.035 Pricing Strategy

Prereq.: 15.011
G (2)
3-0-6 H-LEVEL Grad Credit

Draws on research in marketing and
economics to present principles of profitable
pricing and methods of applying them. Topics
include pricing in oligopolies, implications of
cost and demand dynamics, market segmenta-
tion, pricing new products, quantity discounts
and nonlinear pricing, product-line pricing, and
pricing in distribution channels. Antitrust and
other legal issues discussed.
R. S. Pindyck, R. L. Schmalensee

15.036 Topics in Econometrics for
Management

Prereq.: 15.034, 14.388 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

The subject matter of this course changes
from one year to the next, but is always
focused on econometric and statistical issues
that emerge when doing topical empirical re-
search in economics, finance, marketing
and/or strategy. Topics addressed include es-
timation and inference in discrete or categori-
cal dependent variable models, confirmatory
factor analysis, models with measurement
error and multiple indicators, pooled cross-sec-
tion and time series models, and forecasting
techniques.
T. M. Stoker

15.041 Research Seminar in Applied
Economics

Prereq.: Permission of instructor
G (1, 2)
2-0-4
Can be repeated for credit

Discusses current research problems in ap-
plied economics. Topics vary from term to
term. Designed primarily for doctoral students.
Consult T. M. Stoker.

Operations
Research/Statistics

15.053 Introduction to Management Science

Prereq.: 18.06
U (1, 2)
4-0-8 REST

Introduces management science, emphasizing
basic deterministic models and their optimiza-
tion. Formulates and solves linear optimization
models for management applications. Simplex
method, duality theory, sensitivity analysis. In-
troduces networks, dynamic, integer, and non-
linear programming. Decision analysis. Solving
problems by computer and interpreting the
results.
R. M. Freund, J. B. Orlin

15.058 The Practice of Management Science

Prereq.: 18.06 or equivalent
G (2)
4-0-8 H-LEVEL Grad Credit

Covers practical applications of mathematical
programming models and probabilistic models
including linear programming, integer program-
ming, non-linear programming, decision
analysis and simulation. Presents the following
aspects of management science
methodologies: (1) formulation of problems,
(2) solution algorithms, (3) assessing assump-
tions and data requirements in practice, and
(4) evaluating model-based recommendations.
(15.058 is mathematically more advanced than
15.062 and substitutes for it.)
R. M. Freund, J. B. Orlin

15.059 Mathematical Programming Models
and Applications

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Covers practical applications of mathematical
programming modeling techniques, including
linear programming, integer programming,
quadratic programming, linear programming
with uncertainty, and multiple objective
programming. Case studies in finance, produc-
tion planning, transportation, and strategic
planning.
J. F. Shapiro

15.060 Data, Models, and Decisions
(New)

Prereq.: 18.01
G (1)
4-0-8

Introduces students to some key techniques in
using data to make informed management
decisions. Covers introductory probability,
statistics, decision analysis, and optimization,
and raises issues in information technology.
Emphasis on managerial examples and exer-
cises drawn from such areas as marketing,
finance, and operations management.
Restricted to first-year Sloan Master's students.
R. M. Freund

15.061 Decision Support Systems 11

Prereq.: 18.01
G (1)
3-0-6
Introduces probability and statistical data
analysis, emphasizing applications in manage-
ment. Topics: basic probability, sampling and
data collection, exploratory data analysis, in-
ference and diagnostics for linear regression
models, statistical computing and simulation.
Primarly for graduate students in Sloan School
of Management.
A. I. Barnett

15.062 Decision Support Systems Ill

Prereq.: 15.061
G (1)
3-0-6
Introduces management science concepts as
applied to managerial problem solving. Em-
phasizes identifying problems, formulating
models, assessing assumptions and data re-
quirements, and evaluating model-based
recommendations. Topics: decision analysis,
simulation, linear programming, integer and
dynamic programming, and decision making
under uncertainty.
R. M. Freund, D. J. Bertsimas

15.063 Management Decision Support
Models

Prereq.: -
G (S)
3-0-6
Model-based approach to modern managerial
analysis. Introduces various techniques that
support managerial decision making, including
decision analysis, simulation, statistics, and
linear programming. Emphasizes basic under-
standing and evaluation of techniques and
their application, rather than technical exper-
tise. Restricted to Sloan Fellows.
R. M. Freund

15.064J Engineering Probability and
Statistics

(Same subject as 6.430J, 3.81J)
Prereq.: 18.02
G (S)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.430J.
A. W. Drake
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15.065 Decision Analysis

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Basic theory of decision making under uncer-
tainty. Topics: decision trees, quantification of
judgments and preferences, the value of infor-
mation, Bayes theorem, the structuring of com-
plex decisions, and multi-attributed utility
theory interspersed with applications in law,
medicine, and management.
G. M. Kaufman

15.066J System Optimization and Analysis
for Manufacturing

(Same subject as 2.851J, 3.83J)
Prereq.: 18.02
G (5)
4-0-8 H-LEVEL Grad Credit

Introduction to dynamic systems, control and
mathematical programming. Linear systems,
optimal control and dynamic programming,
simulation, linear programming, network flow
problems, integer and quadratic programming,
and computer applications from manufacturing
processes and systems. Restricted to Leaders
for Manufacturing students.
S. C. Graves

15.067 Competitive Decision Making and
Negotiation

Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

Problems of decision making in competitive
and conflict situations when behavior of com-
petitors or adversaries affects decisions. Par-
ticipation in about twenty-two negotiation
exercises that simulate competitive business
situations characterized by a high degree of
uncertainty and sophisticated competitors
provides experience in making rapid but calcu-
lated decisions. Topics covered are distributive
and integrative bargaining with two or more
parties, auctions, fair division, and coalition for-
mation. Discussion of ethical dilemmas in
negotiation.
G. M. Kaufman

15.070 Advanced Stochastic Processes

Prereq.: 6.262, 18.100, or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Covers continuous-time stochastic processes.
Topics include weak convergence, diffusion
processes, heavy traffic approximations of
queueing networks, and stochastic integration,
with a strong emphasis on analysis of
Brownian motion. Examples from several prob-
lem areas, including manufacturing, telecom-
munications, finance, and electrical
engineering, are discussed to illustrate and
motivate the mathematical concepts.
D. Bertsimas, V. Nguyen

15.072J Queues: Theory and
Applications

(Same subject as 6.264J)
Prereq.: 6.262 or 6.432 or 15.071J
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.264J.
L. Wein, R. C. Larson

15.073J Logistical and Transportation
Planning Methods

(Same subject as 1.203J, 6.281J, 11.526J,
13.665J, 16.76J)
Prereq.: 6.431, 15.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.203J.
A. /. Barnett, R. C. Larson, A. R. Odoni

15.074 Mathematical Models and Policy
Analysis

Prereq.: 15.061 or 15.075
G (2)
3-0-6 H-LEVEL Grad Credit

Case-study method exploring strengths and
weaknesses of mathematical models (especial-
ly those related to data analysis) that affect
decision making of legislatures, corporations,
courts, and regulatory agencies. Topics: car-
cinogenic hazards of various substances,
deterrent effect of criminal sanctions, statistical
evidence in job-discrimination proceedings, ef-
fective operation of mass-transit systems.
A. I. Barnett

15.075 Applied Statistics

Prereq.: 6.041 or 18.440
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Introduces statistical data analysis, concentrat-
ing on techniques used in management and
engineering. Topics: statistical graphics, es-
timation, forecasting, statistical computing;
basics of sampling, quality control, design of
experiments, regression, and diagnostics.
Open to qualified undergraduates spring terms.
R. E. Welsch

15.076 Statistical Methodology

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Designed for Ph.D. students. Emphasis on the
basic concepts of mathematical statistics in-
dicating the relation of theory to practice.
Topics covered: random variables, probability,
estimation, hypothesis testing, regression
analysis, and nonparametric statistics. Differs
from 15.075 in emphasis on derivation of the
major "elementary" results and theory needed
to implement estimation and testing. Open to
others only by permission of instructor.
Information: B. Zhou.

15.078 Quality Improvement Via Statistics
(Revised Content)

Prereq.: 15.061
G (2)
3-0-9 H-LEVEL Grad Credit

Develops students' ability to employ statistical
process control and experimental design in pur-
suit of quality improvement. Emphasis is on un-
derstanding the structure of statistical quality
control methods and on when and how to
deploy them. Managerial issues that arise in
the implementation of statistical quality control
are explored via case studies. Students apply
process control charts, experimental designs,
and response surface methods to data. Project
required.
G. M. Kaufman

15.079J Applied Multivariate Methods

(Same subject as 18.456J)
Prereq.: 18.06, 15.075 or 18.441 or 18.443
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 18.456J.
M. Matthews

15.081J Introduction to Mathematical
Programming

(Same subject as 6.251J)
Prereq.: 18.06
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.251J.
0. Bertsimas, J. N. Tsitsiklis

15.082 Network Optimization

Prereq.: 15.081J
G (2)
3-0-9 H-LEVEL Grad Credit

Network models for industrial logistics sys-
tems, transportation systems, communication
systems, and other applications. Emphasizes
a rigorous treatment of algorithms and their ef-
ficiency - algorithms for shortest routes, maxi-
mum flows, minimum cost flows, traffic
equilibrium, and network design. Implementa-
tion issues.
T. L. Magnanti, J. B. Orlin

15.083 Combinatorial Optimization

Prereq.: 15.081J or permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Devoted to a theoretical and rigorous treat-
ment of topics in integer programming and
combinatorial optimization. Topics in com-
binatorial optimization include matching theory,
matroid theory, computational complexity,
design and analysis of heuristics. Topics in in-
teger programming include formulations,
branch and bound, Lagrangean techniques,
cutting plane algorithms, group theoretic ap-
proaches, and Benders' decomposition.
J. B. Orlin, J. F. Shapiro
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15.084J Nonlinear Programming

(Same subject as 6.252J)
Prereq.: 18.06, 18.100
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.252J.
J. F. Shapiro, D. P. Bertsekas

15.098 Special Seminar in Applied
Probability and Stochastic Processes

Prereq.: 6.431
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Doctoral student seminar covering current
topics in applied probability and stochastic
processes.
D. Berfsimas, L. Wein

15.099 Special Seminar in Operations
Research

Prereq.: 15.081J
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Doctoral student seminar covering current
topics related to operations research not other-
wise included in curriculum.
T. L. Magnanti

For additional related subjects in Statistics,
see:

Civil and Environmental Engineering: 1.03,
1.06, 1.101J, 1.151, 1.155, 1.202, 1.203J,
1.205, and 1.732

Electrical Engineering and Computer
Science: 6.040, 6.041, 6.231, 6.234J, 6.262,
6.264J, 6.430, 6.431, 6.432, and 6.435

Management: 15.034, 15.036, 15.061,
15.065, 15.070, 15.074, 15.075, 15.076,
15.078, 15.098, 15.306, and 15.832

Mathematics: 18.05, 18.175, 18.177, 18.313,
18.440, 18.441, 18.443, 18.445, 18.446,
18.454, 18.455, 18.456J, 18.458, 18.465, and
18.466

See also: 2.061, 2.830, 2.870, 5.70, 5.72,
7.02, 8.044, 8.08, 10.816, 11.220, 11.221,
16.322, 17.842, 17.846, 22.38, 22.40,
HST 191, and MAS 622.

Health Care Management

15.136J Health Technology

(Same subject as 10.547J, HST 920J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Research seminar in the development, evalua-
tion, and dissemination of medical tech-
nologies and practices. Strategies for
management of basic and applied biomedical
research. Communication channels for re-
search results among researchers and from re-
searchers to users. Analytic methods for
evaluation of efficacy and social impact. Ex-
amines factors influencing commercial develop-
ment of new health technology.
S. N. Finkelstein, C. L. Cooney

15.138J Seminar on Pharmaceutical and
Biotechnology Industry Management

(Same subject as 7.89J, 10.940J)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Weekly presentations by guests from phar-
maceutical and biotechnology-related in-
dustries sharing their management problems
with faculty and advanced students in manage-
ment, engineering, and life sciences. Invited
guests describe complex issues they face in
regulatory, finance, R & D, manufacturing, and
other areas. Seminar participants interact to
analyze and offer possible resolutions to the is-
sues presented.
T. J. Allen, C. L. Cooney, S. N. Finkelstein,
A. Sinskey

15.141 Comparative Health Systems

Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

Examines major issues facing health systems
in the US and selected other countries from a
variety of perspectives, including those of the
physician, the manager, and the policy
analyst. Considers cost, quality, access, and
technology trade-offs as they affect govern-
ment policy.
S. N. Finkelstein, E. R. Berndt,
R. M. Henderson

15.149 Special Studies in Health
Management

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

For graduate students who desire to do ad-
vanced work or research on a health manage-
ment problem not specifically covered
elsewhere. Readings, conferences, fieldwork,
and reports.
S. N. Finkelstein

International Management

15.215 International Dimensions of
Management
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6

Theory and practice of international business,
emphasizing strategy selection and implemen-
tation in response to the changing international
environment. Examines some of the distinctive
management problems that arise in internation-
al firms. Restricted to Sloan Fellows.
D. E. Westney

15.221 International Business
Management

Prereq.: -
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Provides framework and conceptual tools for
understanding the international business en-
vironment and the strategic tasks faced by the
firm. Topics include international regimes,
trade, strategies for market entry, business-
government relations, the nature of economic
regions, strategic control, human resource
management, cross-border and local alliances.
M. Guillen, J. N. Ziegler

15.223 Business-Government Relations
in a Changing International Economy

Prereq.: 15.221
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Provides an introduction to the cross-national
study of the business-government relations in
advanced industrial democracies. Attention is
given to competing theoretical perspectives
and different national patterns of business-
government relations. How both are changing
in today's competitive and interdependent
world is explored by examining the reorganiza-
tion of various industries from a cross-national
perspective.
R. M. Locke, J. N. Ziegler

15.227-229 Special Seminars
in International Management

Prereq.: 15.221
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study by graduate stu-
dents on current topics related to international
business not otherwise included in curriculum.
Information: D. E. Westney.
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15.231 Politics and the Business
Environment in Europe

Prereq.: 15.221 or permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Examines political change and its consequen-
ces for business practice in Europe. National
models explored in light of transnational in-
tegration, regionalization, and fundamental
reform in Eastern Europe. Changes in product
markets as well as supply (labor, capital, tech-
nology, land) assessed by comparing specific
industries in different countries. Alternate
years.
J. N. Ziegler

15.232 The Firm and the Business
Environment in Japan
(Revised Units)

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6

Examines how Japanese firms and their busi-
ness environments have been viewed from
Western management perspectives; the na-
ture of the Japanese business environment
(financial, political, human, technological, so-
cial, and cultural resources); and the internal
organization and strategic processes of
Japanese firms. Intended for Sloan students or
students with background in Japan.
D. E. Westney

15.233J Problems of Advanced Industrial
Societies

(Same subject as 17.166J)
Prereq.: 17.156J or permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 17.166J.
R. M. Locke

15.234J Comparative Organizations
(New)

(Same subject as 17.178J)
Prereq.: 15.221 or permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Provides an understanding of comparative,
cross-national patterns of organization, and of
how they relate to national economic, political,
cultural, and institutional characteristics.
Covers the development of the major
paradigms of organization, authority systems,
small-group activities, corporate cultures, politi-
cal activity of large corporations, flexible or-
ganizations, informal-economy activities, and
top management compensation systems in
North America, Europe, and East Asia.
M. F. Guill6n

History and Environment

15.268 Choice Points: Readings on the
Exercise of Power and Responsibility

Prereq.: Permission of instructor
G (2)
3-0-6 [P/D/F] H-LEVEL Grad Credit

Studies managerial power and responsibility.
Examines conflicts between power and moral
responsibility and the contexts for choice in
dealing with a number of such problems. Read-
ings are principally "classics" used to illustrate
several enduring such issues. Restricted to
Sloan Fellows.
A. J. Siegel

Communication

15.279 Management Communication for
Undergraduates
(Revised Units)

Prereq.: -
U (2)
3-0-9

Seminar designed for Management Science
majors to develop writing and speaking skills
necessary for managers. Students learn com-
munication principles, strategies, and methods
through discussions, exercises, examples, and
cases. A variety of written and oral assign-
ments, in class and in video lab. A major proj-
ect yields an original report designed to satisfy
Phase II of the Institute Writing Requirement.
D. R. Breakstone

15.280 Communication for Managers
(Revised Units)

Prereq.: -
G (1)
1-1-2

Writing and speaking skills necessary for a
career in management. Students polish com-
munication strategies and methods through
discussion of principles, examples, and cases.
Many short written and oral assignments,
some based on material from other subjects.
Restricted to first-year Sloan School of
Management graduate students.
J. Yates, D. R. Breakstone, L. Breslow

15.281 Advanced Managerial
Communication

Prereq.: 15.280 or permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Builds on managerial writing and speaking
skills developed in 15.280. Introduces more ad-
vanced oral ard interpersonal communication
skills important to managers, including running
and contributing productively to meetings, lis-
tening, and being interviewed. Includes a long
report and long oral presentation for a busi-
ness audience, generally in conjunction with a
project for another subject.
J. Yates

15.289 Doctoral Seminar: Communication
Skills for Academics
(New)

Prereq.: Permission of instructor
G (2)
2-0-4 H-LEVEL Grad Credit

Seminar focuses on the communication skills
needed for a career in academia. Topics in-
clude writing for academic journals, preparing
and delivering conference papers and job
talks, and researching and writing grant
proposals. Also examines the theory and prac-
tice of teaching. Participants are expected to
work on a major written project, deliver a major
oral presentation, and teach at least one class
for review. Restricted to doctoral students who
have completed their first year.
L. Breslow

Organization Studies

15.301 Managerial Psychology Laboratory

Prereq.: -
U (1, 2)
2-6-4 Institute LAB

Core subject for students majoring in manage-
ment science. Surveys individual and social
psychology and organization theory inter-
preted in the context of the managerial environ-
ment. Laboratory involves projects of an
applied nature in behavioral science. Em-
phasizes use of behavioral science research
methods to test hypotheses concerning or-
ganizational behavior.
T. J. Allen

15.304 Complex Organizations

Prereq.: 15.301
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6

Examines structures, processes, values, and
working practices of various forms of social or-
ganization. Sociological and anthropological
writings provide framework for describing
deviancy, control, ritual, authority, decision
making, and socialization in organizational set-
tings. Combines field observations, intervietvs,
and participation in a given social organization,
with readings drawn from the ethnographic
literature on culture and subculture in America.
Information: J. Van Maanen.
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15.306 Behavioral Science Research
Methods

(Subject meets with 15.347)
Prereq.: -
U (1)
3-0-9
Introduces methods of behavioral science re-
search. General strategy of behavioral re-
search (quantitative vs qualitative analysis,
hypothesis formulation) and research design
(purposes, variance control, control of ex-
traneous variables, use of control groups, ran-
domized designs, factorial designs). Specific
techniques of various designs (questionnaire
construction, sampling, interviews, systematic
observation). Organization and development
of research project. Meets with 15.347.
Information: J. S. Carroll.

15.310 Managerial Psychology

Prereq.: -
G (1, 2)
3-0-6
,Surveys social psychology and organization
theory interpreted in the context of the
managerial environment. Shares lectures with
15.301, with a separate recitation required.
Equivalent of 15.311 intended primarily for non-
Course XV students.
T. J. Allen

15.311 Organizational Processes
(Revised Content and Units)

Prereq.: -
G (1)
3-0-9
Focuses on the organization of the future, iden-
tifies its characteristics, and explores the im-
plications for living in, managing, and leading
such an organization. Also focuses on skills
such as negotiating, cross-cultural communica-
tion, and teamwork. Examines the creation of
the structures, rewards, career paths, and cul-
tures needed within the firm, and the alliances,
learning, and change practices needed to
maintain global performance. Restricted to first-
year Sloan Master's students.
D. G. Ancona, T. A. Kochan, M. A. Scully,
J. Van Maanen, D. E. Westney

15.312 Managerial Decision Making

Prereq.: 15.301 or 15.310 or 15.311 or
permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Examines individual managerial behavior with
emphasis on cognitive processes in judgment
and choice. Includes judgment under uncer-
tainty, biases and corrective procedures, risk
perception, models of judgment and choice,
decision aids, and problem structuring tech-
niques.
J. S. Carroll

15.313 Interpersonal Dynamics and
the Management of Groups

Prereq.: 15.301 or 15.310 or 15.311 or
permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Examines basic concepts of how people relate
to each other and how groups work from both
a psychological and sociological perspective.
Through lectures, discussion, roleplays,
videotaping, group exercises, and written as-
signments, students learn not only the con-
cepts but also how to improve their own
communication and group membership skills.
Topics include negotiation, team decision
making, meeting management, and team
rewards.
Information: E. L. Bell.

15.314 Organization Design

Prereq.: 15.301 or 15.310 or 15.311 or
permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Examines the character and characteristics of
effective organizations. Includes designing or-
ganization structures, managing change, or-
ganization environment relationships. Classes
use lectures, seminars, practice cases, films,
and some team projects.
R. J. Thomas

15.315 Planning and Managing Change

Prereq.: One subject in organizational
psychology and permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Basic models and tools used to analyze any
change problem in human systems. Applica-
tion of these models and tools to actual
change projects chosen by members of the
class, to be completed during the subject.
Group as well as individual projects, and week-
ly papers on progress. Models and tools drawn
from organization development theory. Primari-
ly for Master's students and Sloan Fellows.
Limited to 40.
E. H. Schein

15.316 Organizational Leadership and
Change

Prereq.: 15.794
G (IAP)
2-0-4 [P/D/F] H-LEVEL Grad Credit

Affords a structured debriefing of the LFM
internship experience with a focus on improv-
ing students' organizational change skills. Ex-
amines the socialization processes students
experienced while in the field and their at-
tempts to exercise leadership within various or-
ganizational cultures. Class format includes
lectures, discussions, case presentations, and
small-group activities exploring internship-
related issues. Individuals and teams submit
written analyses of aspects of the students'
LFM experiences. Restricted to LFM Fellows.
Continues into Spring term.
R. J. Thomas

15.322 Organizational Psychology and
Sociology

Prereq.: Permission of instructor
G (1)
3-0-6 [P/D/F] H-LEVEL Grad Credit

Analyzes - through lectures, discussions, and
class exercises - the human processes under-
lying organizational behavior. Restricted to
Sloan Fellows.
L. Bailyn

15.341 Individuals, Groups, and
Organizations

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Develops basic concepts for understanding in-
dividual, group, and organizational behavior
through critical analysis of important works in
the field. Areas covered: cognitive psychology,
behavioral decision making, group process
and performance, and organizational culture
and adaptation. Emphasizes use of behavioral
science concepts for stimulating new and use-
ful behavioral science research and its applica-
tion to typical management problems. Primarily
for doctoral candidates in the Sloan School of
Management.
D. L. Ancona

15.342 Organizations and Environments

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Focuses on the organization in interaction with
its environment, organizational populations/or-
ganizational fields and their evolution over
time, and the micro-macro linkage. Draws on
organization theory, organizational sociology,
economic theories of the firm, and theories of
social change. Emphasizes the application of
these theories in the context of business or-
ganizations and management research.
Primarily for doctoral candidates in the Sloan
School of Management.
M. A. Scully

15.345 Doctoral Seminar in Behavioral and
Policy Sciences I
(Revised Content and Units)

Prereq.: Permission of instructor
G (1)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

15.346 Doctoral Seminar in Behavioral and
Policy Sciences I
(Revised Content and Units)

Prereq.: 15.345
G (2)
2-0-4 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

A professional seminar for doctoral students to
report on their research, work on their thesis
proposals, and practice their job talks. Also
deals with general professional issues such as
publishing, searching for jobs, the academic
career, etc.
Information: L. Bailyn.
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15.347 Doctoral Seminar in Research
Methods I

(Subject meets with 15.306)
Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

Introduces the process of social research, em-
phasizing the conceptualization of research
choices to maximize validity, relevance, and
benefit-costs comparisons. Includes research
design (experiments, quasi-experiments) and
specific measurement techniques (question-
naires, interviews, observation).
J. S. Carroll

15.348 Doctoral Seminar in Research
Methods I1
(Revised Content and Units)

Prereq.: 15.347 or permission of instructor
G (1)
2-0-4 H-LEVEL Grad Credit

A seminar that deals with the logic of data
analysis and the role of conceptualization in so-
cial science research. Also covers practical,
ethical, and ideological issues in the research
process.
Information: L. Bailyn.

15.349 Managing Human Resources in a
Changing World

Prereq.: -
G (2)
2-0-7 H-LEVEL Grad Credit

Explores assumptions underlying organization-
al career procedures and consequences of
these procedures for employees. Considers im-
plications of changes in individual lifestyles
and in issues surrounding work and family on
management of human resources in organiza-
tions.
L. Bailyn

Management of Technology
and Innovation

15.351 Introduction to Technological
Innovation Management

Prereq.: 15.301 or 15.311
G (1, 2)
3-0-6 H-LEVEL Grad Credit

15.352 Management of Technological
Innovation
(New)

Prereq.: 15.311
G (2)
3-0-3 H-LEVEL Grad Credit

Introduction to the sources of technological in-
novation, economics of innovation, protection
of innovation rights, communication of techni-
cal information, capturing benefit from innova-
tion, organizing to manage the innovation
process, cooperation in the innovation
process, new ventures.
15.351: E. A. von Hippel, S. Schrader
15.352: S. Schrader, E. A. Von Hippel

15.353 Managing Technology

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Successful origination, development, im-
plementation, and diffusion of product and
process innovations in industry. Effective or-
ganization and management of the technologi-
cal change process (marketing, R&D,
engineering, and manufacturing) in new ven-
tures, multidivisional and multinational
enterprises. Restricted to Management of
Technology Program students.
J. M. Utterback

15.355 Managing Technological
Innovation

Prereq.: -
G (2)
2-0-4 H-LEVEL Grad Credit

Managerial perspectives on development and
consequences of technological innovations in
product and manufacturing process. Issues
relating to managing scientists and engineers
as individuals, in teams, and in large organiza-
tions. Interfaces between R&D function and
marketing and production. Technology plan-
ning and strategy approaches, including new
venture structures for business development
and diversification. Restricted to Sloan Fellows.
E. B. Roberts

15.361 Managing Professionals

Prereq.: -
G (S)
3-0-6 H-LEVEL Grad Credit

Examines human side of management of
professionals through application of behavioral
science research findings. Topics: supervis-
ing/motivating professional employees; career
orientations; effective conflict management;
group creativity/decision making; managing
product teams; group aging; critical roles for in-
novation; organizational structure/communica-
tion. Emphasizes professional individuals and
groups. Restricted to members of the Manage-
ment of Technology Program.
R. Katz, D. L. Ancona

15.363 Managing Product and Process
Change

Prereq.: 15.351 or 15.355 or 15.361
G (2)
3-0-6 H-LEVEL Grad Credit

Explores organizational problems in develop-
ing and introducing new process and product
technologies. Topics: operational and be-
havioral issues in development and ramp-up;
communication, information search, and learn-
ing during implementation; strategic issues,
e.g. cross-firm and cross-national technology
partnerships. Emphasizes case studies, small-
group exercises, and class discussion. Permis-
sion of the instructor required for
undergraduate and out-of-Course students.
M. J. Tyre

15.364J Management of Technological
Change in Manufacturing

(Same subject as 13.651J)
Prereq.: 14.01 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Technological change from invention, acquisi-
tion, innovation, implementation, and introduc-
tion. Technology transfer and pricing.
Production theory and productivity measure-
ment. Technology forecasting and evaluation.
Process and product technology change.
Strategic planning, timing, choice, and scale of
technological change. Hierarchical decision
models. Cross-impact analysis. Managing tech-
nological change in manufacturing. Case
studies from manufacturing industries.
E. G. Frankel

15.365J Manufacturing/Technology
Interface

(Same subject as 3.565J, 13.685J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Focus on the management of process innova-
tion. Economic and other influences on
manufacturing process change. Interactions
between research, development, and engineer-
ing activities, and manufacturing operations.
Transfer of new product developments into
manufacturing.
J. M. Utterback

15.369 Corporate Strategies for
Managing Research, Development, and
Engineering

Prereq.: 15.351 or 15.355 or 15.361; permis-
sion of instructor
G (2)
2-0-7 H-LEVEL Grad Credit

Selected strategic issues in managing re-
search, development, and engineering. Focus
upon linkages between internal and external
sources of technology for major new business
development. Examination of alliances, joint
ventures, acquisitions, and venture capital in-
vestments as alternative approaches. Outside
speakers supplement faculty lectures. Inde-
pendent study and preparation of student term
reports.
E. B. Roberts

15.370 Strategic Management of
Technology

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

The concepts and techniques of strategic
management, taking the perspective of the
general manager responsible for the long-term
health of the enterprise. Strategy formulation
and the management of strategic processes.
The use of technology for competitive ad-
vantage; the interaction of technology with
other strategic variables. Case studies supple-
mented by readings and news items
Restricted to students in Management of Tech-
nology Program.
M. J. Tyre
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15.372 Research Management

Prereq.: 15.351 or 15.361 or permission of in-
structor
G (2)
3-0-6 H-LEVEL Grad Credit

Examines the principles of effective research
management in industrial, academic, and
government laboratories, including the follow-
ing topics: organizing research activities;
motivating and leading researchers; enhancing
creativity; allocating resources; and evaluating
performance.
M. A. Rappa

15.374 Assessment of Emerging
Technologies

Prereq.: 15.351 or 15.361 or permission of in-
structor
G (2)
3-0-6 H-LEVEL Grad Credit

Examines the fundamental processes underly-
ing the emergence of new fields of technology
and discusses the skills necessary for anticipat-
ing and assessing their potential commercial
impact. Students review different approaches
to technology assessment used by industry
and government and investigate the emer-
gence of a variety of new technologies, includ-
ing fields such as neural networks and
high-temperature superconductors.
M. A. Rappa

15.375 New Enterprises

Prereq.: Permission of instructor
G (2)
2-1-6 H-LEVEL Grad Credit

Covers the process of conceptualizing, plan-
ning, and starting a new enterprise. Topics in-
clude the entrepreneur, the business
opportunity, legal issues, entrepreneurial
ethics, the business plan, the founding team,
and seeking funds. Each student develops a
detailed business plan for a start-up.
E. A. von Hippel

15.376 Technology Project Management

Prereq.: Permission of instructor
G (1)
3-0-3 H-LEVEL Grad Credit

Review of project management process.
Project identification and demand analysis.
Study of project design and planning. Network
planning, conditional stochastic activity plan-
ning, resource balancing techniques. Product
and Process forecasting and evaluation. Capi-
tal budgeting, project control, and scheduling.
Technical, operational, economic, and financial
project appraisal and analyses. Analytic hierar-
chical choice methods for project alternatives.
Procurement and contracting. Project super-
vision, test, and acceptance. Meets second
half of semester.
E. G. Frankel

15.377 R & D Process: Communications
and Organization

Prereq.: 15.311 or 15.310 or 15.361
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-3 H-LEVEL Grad Credit

A review of research, beginning with reward
systems for and motivation of engineers and
scientists in industry. Deals with a number of
diverse subjects, ranging from the aging of
technical groups to the management of R & D
matrix organizations and the architecture of
R & D labs. Meets first half of semester.
T. J. Allen

15.378J Dynamic Strategic Planning

(Same subject as TPP 23J)
Prereq.: Permission of instructor
G (S)
3-0-3 H-LEVEL Grad Credit

Restricted to students in the Management of
Technology program. See description under
subject TPP 23J.
R. de Neufville, J. P. Clark, F. Field

15.379 Seminar in Management of
Technology

Prereq.: Permission of instructor
G (1)
3-0-3 H-LEVEL Grad Credit

Current practices and issues in the Manage-
ment of Technology are analyzed and dis-
cussed by leaders from industry and
government. Examines different approaches to
managing the technology function within a
broad organizational context, in seminar dis-
cussions and in the field. Restricted to
Management of Technology Program stu-
dents. Seminar continues into Spring term.
R. A. Samuel

Finance

15.411 Financial Management

Prereq.: 15.511, 15.024, 15.063
G (1)
3-0-6 H-LEVEL Grad Credit

Primarily concerned with corporate finance. Ad-
dresses the three basic functions of a chief
financial officer: how to make good financial
decisions, how to make good investment
decisions, and how to forecast the cash needs
of the firm. Topics include: capital budgeting,
capital structure, the firm's cost of capital,
financial instruments available in the capital
market, dividend policy, mergers, and the inter-
action between a firm's product market and
financial goals. Restricted to Sloan Fellows.
J. Stein

15.412 Financial Management I
Prereq.: 15.501 or 15.515
G (1, 2)
4-0-8 H-LEVEL Grad Credit

Surveys and analyzes financial problems
facing managers, including theoretical introduc-
tion to financial institutions, financial instru-
ments, and capital markets. Topics: functions
and operations of capital markets, theory of ef-
ficient markets, portfolio and valuation theory,
capital budgeting and investment decision
making, firm's cost of capital, long-term financ-
ing instruments and financing decisions,
dividend policy and capital structure. Primarily
for students not concentrating in finance.
Information: A. W. Lo.

15.413 Topics in Corporate Financial
Management

Prereq.: 15.411 or 15.412
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
3-0-6 H-LEVEL Grad Credit

Extends and applies topics and concepts
covered in 15.411 and 15.412. Covers finan-
cial planning, leasing and project financing,
mergers, pensions, and new approaches to
corporate investment and financing decisions.
P. Asquith

15.415 Finance Theory

Prereq.: 15.011, 15.515
G (1, 2)
6-0-9 H-LEVEL Grad Credit

Core theory of capital markets and corporate
finance. Topics: functions and operations of
capital markets, analysis of consumption-
investment decisions of investors, diversifica-
tion and portfolio selection, valuation theory
and equilibrium pricing of risky assets, theory
of efficient markets, and investment and financ-
ing decisions of firms. Theoretical foundation
for further study and practical applications. Re-
quired for students concentrating in finance. In
the event the subject is oversubscribed,
priority is given to Course 15 students.
C.-F. Huang, J. C. Heaton

15.416J Introduction to Financial
Economics

(Same subject as 14.416J)
Prereq.: 14.121, 14.122
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Foundations of modern financial economics;
individuals' consumption and portfolio
decisions under uncertainty and implications
for the valuation of securities. Topics include:
expected utility theory; stochastic dominance;
portfolio frontiers; mutual fund separation; capi-
tal asset pricing model; arbitrage pricing
theory; Arrow-Debreu economies; dynamic
spanning; options; rational expectations; finan-
cial signaling. Introduction to continuous-time
finance. Primarily for doctoral students in ac-
counting, economics, and finance.
J. -L. Vila
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15.426J Real Estate Finance and
Investment

(Same subject as 11.431J)
Prereq.: 11.218
G (1)
4-3-8 H-LEVEL Grad Credit

See description under subject 11.431J.
M. Louargand

15.432 Capital Markets and Financial
Institutions

Prereq.: 15.415
G (1)
3-0-6 H-LEVEL Grad Credit

Role and functioning of the capital and money
markets as a device for the allocation of re-
sources, the channeling of investable funds,
and the reallocation of risk. Function of finan-
cial intermediaries operating in world financial
markets.
F. Modigliani

15.433 Investments

Prereq.: 15.415, 15.061 or permission of in-
structor
G (1)
3-0-6 H-LEVEL Grad Credit

Covers the empirical techniques used most
often in the quantitative analysis of financial
security prices and their applications to actual
price data from various markets. Includes ap-
plications of the CAPM/APT, the Black-
Scholes/Merton option pricing models,
performance evaluation, portfolio manage-
ment, and risk management. Some rudimen-
tary computer skills required.
A. W. Lo

15.434 Capital Investment Decisions

Prereq.: 15.415
G (2)
3-0-6 H-LEVEL Grad Credit

Theory and practice of capital investment
decisions. Approaches to estimating risk and
adjusting for it. Applications of option pricing
and new approaches to valuation. Managerial
incentive problems in investment decisions.
The market for corporate control. Bankruptcy.
D. Scharfstein, J. Stein

15.435 Corporate Financing Decisions

Prereq.: 15.415
G (1)
3-0-6 H-LEVEL Grad Credit

Theory and practice of corporate financing
decisions. Empirical work on debt and dividend
policy; agency cost and signaling models;
issue procedures and investment banking;
leasing, project financing, convertible
securities, pensions.
S. C. Myers

15.436 International Financial Markets

Prereq.: 15.012, 15.415
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Analysis of financial markets and instruments
in context of globalization. Exchange rate
determination; statistical properties of ex-
change rate behavior; asset pricing and asset
allocation in face of volatile real exchange
rates, cross-border taxes and barriers and dif-
ferent consumption preferences. International
portfolio management; Treasury risk manage-
ment and performance measurement. Curren-
cy futures, options and swaps; selected topics
in the management and regulation of interna-
tional financial service firms.
J. Wang

15.437 Options and Futures Markets

Prereq.: 15.415
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Develops option pricing theory. Applies theory
to valuation of put and call options, loan
guarantees, and corporate liabilities. Empirical
tests of the models and investment strategies.
Futures markets, emphasizing financial futures
and their uses.
J. C. Cox

15.438 Investment Banking and Markets

Prereq.: 15.415
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Surveys the investment banking industry and
the financial markets and intermediaries dealt
with by the industry. Description of trading and
hedging techniques. Analysis of new financial
innovations and analytical techniques.
Information: S. C. Myers.

15.439 International Corporate Finance

Prereq.: 15.415, 15.436, or permission of in-
structor
G (2)
3-0-6 H-LEVEL Grad Credit

Theory and practice of investment, financing,
contracting, and risk management decisions of
firms operating internationally, with emphasis
on interactions of financial considerations with
operating strategy and tactics. Implications of
fluctuating exchange rates, differing fiscal
regimes, distorted and segmented capital
markets, and cross-border risks for corporate
decisions.
D. R. Lessard

15.440J Advanced Financial
Economics I

(Same subject as 14.440J)
Prereq.: 15.416J
G (1)
3-0-9 H-LEVEL Grad Credit

Covers advanced topics in the theory of finan-
cial markets with a focus on continuous time
models. Topics include multiperiod securities
markets and martingales; pricing of contingent
securities such as options; optimal consump-
tion and portfolio problems of an individual;
dynamic equilibrium theory and the Intertem-
poral Capital Asset Pricing Model; and term
structure of interest rates. This subject is
primarily for doctoral students in accounting,
economics, and finance.
C.-F. Huang

15.441J Advanced Financial
Economics 11

(Same subject as 14.441J)
Prereq.: 15.416J
G (2)
3-0-9 H-LEVEL Grad Credit

Surveys selected topics in current advanced re-
search in corporate finance. Primary focus is
upon problems of information and game theory
as they apply to corporate financing decisions,
the design of efficient and optimal financial
contracts, organization and accounting struc-
ture design, and asset valuation. This subject
is primarily for doctoral students in accounting,
economics, and finance.
D. Scharfstein, J. Stein

15.442J Advanced Financial
Economics Ill

(Same subject as 14.442J)
Prereq.: 14.382, 15.415, 15.416J, or permis-
sion of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Recent empirical methods in finance, includ-
ing: the estimation and testing of market ef-
ficiency, the random walk hypothesis, the
CAPM/APT, various term structure models, op-
tion pricing theories, and market microstruc-
tures; performance evaluation; bond rating and
default analysis; event study methodology;
continuous-time econometrics; and general
time series methods. An empirical term project
is required. Some econometric background
and rudimentary computer programming skills
are assumed. Primarily for doctoral students in
accounting, economics, and finance.
A. W. Lo

15.449 Special Seminar in Finance

Prereq.: 15.412 or 15.415
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study by graduate stu-
dents on current topics related to finance not
otherwise included in curriculum.
P. Asquith
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Accounting

15.501 Introductory Financial Accounting

(Subject meets with 15.516)
Prereq.: -
U (1, 2)
3-0-6

Studies basic concepts of financial reporting
and the accounting principles underlying finan-
cial statements. Viewpoint is that of the
readers of financial statements rather than the
accountants who prepare them. Meets with
subject 15.516. In the event the subject is over-
subscribed, priority is given to Course 15 stu-
dents.
Information: P. Healy.

15.511 Financial and Management
Accounting

Prereq.: -
G (S)
3-0-6

Studies basic concepts of financial and
managerial accounting. Viewpoint is that of the
users of accounting information (especially
managers) rather than the preparer (the ac-
countant). Restricted to Sloan Fellows.
Information: P. Healy.

15.515 Financial and Managerial Accounting
(Revised Content and Units)

Prereq.: -
G (1)
3-0-9

An intensive introduction to the preparation
and interpretation of financial information for in-
vestors (external users) and managers (inter-
nal users). Adopts a decision-maker
perspective of accounting by emphasizing the
relation between accounting data and the un-
derlying economic events that generated
them. Assignments include textbook problems,
analysis of financial statements, and cases.
Restricted to first-year Sloan Master's students.
Information: P. Healy.

15.516 Introductory Financial Accounting

(Subject meets with 15.501)
Prereq.: Permission of instructor
G (1, 2)
3-0-6 (H except XV)

Meets with subject 15.501. In the event the
subject is oversubscribed, priority is given to
Course 15 students.
Information: P. Healy.

15.521 Management Accounting and
Control

Prereq.: 15.501 or 15.511 or 15.515 or 15.516
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Examines management accounting and re-
lated analytical methodologies for decision
making and control in profit-directed organiza-
tions. Product costing, budgetary control sys-
tems, and performance evaluation systems for
planning, coordinating, and monitoring the per-
formance of a business. Defines principles of
measurement and develops framework for as-
sessing behavioral dimensions of control sys-
tems; impact of different managerial styles on
motivation and performance in an organization.
A. M. Kofman

15.525 Corporate Financial Accounting

Prereq.: 15.501 or 15.511 or 15.515 or 15.516
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
3-0-6 H-LEVEL Grad Credit

Examination of corporate financial accounting
policy, fundamental issues, and emerging
trends in the financial accounting area. Ad-
vanced analysis and interpretation of financial
statements and pronouncements of various
agencies concerned with financial reporting
(FASB, SEC, etc.).
Information: P. Healy.

15.535 Financial Statement Analysis

Prereq.: 15.515, 15.411 or 15.412 or 15.415
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Provides a framework for financial analysis
and financial reporting. Also covers techniques
for financial statement analysis and uses of
analysis in a decision-making context. Applica-
tions include lending decisions, risk analysis,
and equity valuation for merger and divestiture
purposes. 15.525 recommended.
P. Healy

15.539 Special Seminar in Accounting
and Control

Prereq.: 15.515
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Designed primarily for doctoral students in ac-
counting and related fields. The reading list
consists of accounting research papers. The
objective of the course is to introduce research
topics, methodologies, and developments in
accounting.
P. Healy

15.545 Mergers and Acquisitions: The
Market for Corporate Control

Prereq.: 15.411 or 15.412 or 15.415; 15.511 or
15.515 or 15.516
G (2)
3-0-6 H-LEVEL Grad Credit

Probably the most dramatic events in a
corporation's history involve the decision to ac-
quire another firm or the decision to oppose
being acquired. This is also one of the areas of
management most thoroughly documented in
the financial press and the academic literature.
This subject explores three aspects of the
merger and acquisition process: the strategic
decision to acquire, the valuation decision of
how much to pay, and the financing decision
on how to fund the acquisition. Class sessions
alternate between discussions of academic
readings and applied cases.
P. Asquith

Information Technologies

15.560 Decision Support Systems I

Prereq.: 15.060
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4 H-LEVEL Grad Credit

Introduction to information technology, ad-
dressing issues such as computer hardware,
software, management information systems,
and the strategic use of such technologies.
Familiarization with and use of computer
resources and software. Primarily for graduate
students in Sloan School of Management.
S. E. Madnick, T. W. Malone

15.561 Information Systems: From
Technology Infrastructure to the Networked
Corporation
(New)

Prereq.: Permission of instructor
G (2)
2-0-4 H-LEVEL Grad Credit

Fundamental principles for the effective use of
computer-based information systems (IS).
Focuses on the strategic and organizational im-
plications of the key technologies. Topics:
trends in core technologies; the coalescing in-
dustries of computers, communications, infor-
mation services, electronics, and media; the
current state of the art in IS design; using IS to
support work and gain competitive advantage;
reinventing business processes for the next
decade; evaluating and managing advanced in-
formation technologies; the networked corpora-
tion. Primarily for Sloan Master's students.
J. F. Rockart, W. J. Orlikowski, E. Brynjolfsson
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15.562 Information Technology and
Organizations: Managerial Perspectives

Prereq.: 15.560 or permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
3-0-6 H-LEVEL Grad Credit

Introductory examination of how managers ef-
fectively use computer-based information sys-
tems. Topics include using information
technologies (IT) to execute strategy and gain
competitive advantage, recognizing oppor-
tunities for business process redesign, manag-
ing the transition to new, IT-based forms of
organizing, evaluating and implementing ad-
vanced IT, using IT to support work, and
managing issues of IT security and privacy.
Case studies, field work, and class discussion
illustrate principal concepts and techniques.
Credit not given for 15.562 and 15.568.
Limited enrollment.
W. J. Orlikowski, E. Brynjolfsson

15.564 Information Technology I

Prereq.: 1.00 or 6.001 or 15.560 or program-
ming experience
G (1, 2)
4-0-8 H-LEVEL Grad Credit

Intense coverage of modern information tech-
nology and its operational and strategic ap-
plications. Technology topics include computer
architecture; first-, second-, third-, and fourth-
generation programming languages; trans-
lators and compilers; table processing;
searching and sorting; database systems; and
operating systems. Student projects, using
machine language, assembly language, C
programming language, SQL database lan-
guage, and the UNIX Shell command lan-
guage.
S. E Madnick, G. M. Brooke

15.565 Information Technology 11

Prereq.: 15.564 or equivalent
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Provides broad coverage of current trends and
perspectives in the computer industry with an
emphasis on modern database technology.
Topics: basic principles of database technol-
ogy, framework for integrating concepts essen-
tial to analysis and development of
computer-based information systems, critical
issues facing IT professionals, evaluation of IT
vendors from a business perspective. Topics
substantiated by speakers such as prominent
scholars, IT vendors, and chief information of-
ficers.
R. Y. Wang

15.566 Information Technology as an
Integrating Force in Manufacturing
(New)

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Focuses on the key role that information tech-
nology plays as an integrating force in a
manufacturing organization. Taught in a
proseminar format with presentations by stu-
dents, faculty, and company representatives.
Topics: 1) core technologies, including com-
puter architectures, robotics, databases, and
networks; 2) manufacturing-oriented applica-
tions such as CAD/CAM, MRP, and flexible
manufacturing; 3) intra- and inter-organization-
al issues, such as business process redesign,
networked organizations, and new bases for
competitive advantage. Offered jointly with
LFM program.
E. Brynjolfsson

15.568 Management of Information
Systems

Prereq.: 15.564, 15.565
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Concepts, frameworks, tools, techniques, and
processes that assist management in its inter-
action with and direction of computer-based in-
formation systems today. Discusses major
transaction processing systems of the firm, as
well as those systems used primarily for
managerial information and communication.
Emphasizes managerial point of view and or-
ganizational issues involved in managing a
firm's information resources.
J. F. Rockart, T. W. Malone

15.569 Advanced Decision Support
Systems

Prereq.: 15.564 or 15.565
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Focuses on issues and techniques involved in
development of computer-based systems
designed to support managers' decision-
making and problem-solving processes.
Topics: assessment of the technology avail-
able, and discussion of the design and im-
plementation of such systems in ongoing
organizations. Lectures, cases, projects, and
analysis of existing decision support systems.
C. F. Kemerer

15.571 Advanced Computer Systems

Prereq.: 15.564
G (2)
3-0-6 H-LEVEL Grad Credit

Central focus is on operating systems for
workstations and mainframes. Attention to the
OS as a provider of service and manager of
resources. Historical discussion of issues and
trends with examples of multiprogramming,
networking, virtual storage, multiprocessing,
open systems, parallel processing, and
UNIX TM. Attention is given to management of
technology and people as well as personal is-
sues facing professionals and managers.
Some programming is assumed, and large
amounts of reading are required.
R. A. MacKinnon

15.574 Theoretical Foundations for
Information Technology

Prereq.: 15.560 or programming experience
G (2)
3-0-6 H-LEVEL Grad Credit

Presents a theoretical background for many im-
portant topics in information technology such
as efficiency of algorithms, computer perfor-
mance evaluation, computer communications,
parallel processing, and database manage-
ment systems. Theoretical foundations are
drawn from areas such as combinatorics,
queuing theory, concurrency control, theorem
proving, and Petri nets. Primarily for doctoral
students.
S. E. Madnick, P. J. Resnick

15.575 Research Seminar in Information
Technology and Organizations: Economic
Perspectives

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Builds upon relevant economic theories and
methodologies to analyze the changes
enabled by information technology within and
between organizations. Typical perspectives
examined include transaction cost theory, prin-
cipal-agent theory and institutional economics,
industrial organization, strategic frameworks,
intellectual property, productivity assessment,
and technology diffusion. Extensive reading
and discussion of research literature aimed at
exploring the application of these theories and
illustrating alternative research methods used
in their development and testing. Primarily for
doctoral students.
E. Brynjolfsson
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15.576 Research Seminar in Information
Technology and Organizations: Social
Perspectives

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Examines the assumptions, concepts,
theories, and methodologies that inform re-
search into the behavioral aspects of informa-
tion technology. Extensive reading and
discussion of research literature aimed at ex-
ploring micro, group, and macro level social
phenomena surrounding the development, im-
plementation, use and implications of informa-
tion technology in organizations. Primarily for
doctoral students.
W. J. Orlikowski

15.577 Software Engineering
Management

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Focuses on managing and improving the
delivery of software in organizations, especial-
ly the management of projects that have been
described as "programming-in-the-large."
Through case studies, students are exposed
to the tools and techniques used on commer-
cial systems, and present research results on
the state of the art in how best to manage
these projects. Subject places particular em-
phasis on measurement tools for effective
managerial planning and control. Provides op-
portunities to develop the basis for 12- or 24-
unit theses in this area.
C. F. Kemerer

15.578 Communications and Connectivity
Among Information Systems

Prereq.: 15.560 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Explores critical issues of communications and
connectivity among information systems from
strategic, organizational, and technical
perspectives. Strategic connectivity: competi-
tive forces, interlinked value chains, motivating
strategic alliances. Physical connectivity:
software, hardware, protocols of local-area
and wide-area communications networks. Logi-
cal connectivity: distributed databases, object-
oriented systems, semantic reconciliation.
Organizational connectivity: loosely coupled or-
ganizations, development of standards.
S. E. Madnick

15.579 Special Seminar in Information
Technology

Prereq.: 15.564
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study by graduate stu-
dents on current topics related to information
technology not otherwise included in cur-
riculum.
C. F. Kemerer, S. E. Madnick

15.581 Information Systems and Law

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Examines interlocking technological and legal
issues that arise in the operation of computer-
based information systems in society. Em-
phasizes, in class discussions and in term
projects, interdisciplinary definition, analysis,
and solution of specific problems. Continuing
effort toward improving and integrating techni-
cal, social, and legal concepts of information.
Topics: protection of privacy and of proprietary
rights in software, computer crime, computer
ethics, jurimetrics.
J. A. Meldman

15.582J Information and Communications:
Technology and Policy
(New)

(Same subject as TPP 71J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject TPP 71J.
L. McKnight

15.599 Workshop in Information Technology

Prereq.: Permission of instructor
G (1, 2)
Units arranged
Can be repeated for credit

Presentations by faculty, doctoral students,
and guest speakers of ongoing research relat-
ing to current issues in information technology,
as well as discussions of key research papers
in the field. Specific topics determined by the
interest of participants and by new and impor-
tant directions in information technology. Back-
ground readings and active participation by
students expected. Primarily for doctoral stu-
dents.
S. E. Madnick, C. F. Kemerer

Law

15.601 The American Legal System

(Subject meets with 15.611)
Prereq.: 14.01 or 14.02 or equivalent
U (1)
3-0-6 HASS

15.611 The American Legal System

(Subject meets with 15.601)
Prereq.: 14.01 or 14.02 or equivalent
G (1)
3-0-6 H-LEVEL Grad Credit

General intensive introduction to law and the
American legal system. Analyzes components
and operation of the legal process in context of
specific legal problems. Examines judicial
reasoning and development of legal doctrine.
Topics: torts, contracts, criminal and constitu-
tional law, trial procedure and evidence, ad-
ministrative law, scope of the judicial process,
and the relationships between state and
Federal law. Extensive reading of case law
together with textual materials and legal es-
says.
J. A. Meldman

15.615 The Manager's Legal Function

Prereq.: -
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Provides a basic understanding of legal issues
that corporations meet during their existence.
Follows one firm throughout its life - from
birth to bankruptcy, first as a breakaway from
an established high-tech firm, then proceeding
through initial funding efforts, establishment of
its capital and corporate structure, and through
problems in labor, trade secrets, contracts and
antitrust, product liability, and resolution of
transnational and domestic business disputes.
J. D. Nyhart, J. A. Lachman

15.635 International Law and Regulatory
Order

Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

Jurisdiction, sources, and nature of internation-
al law. Issues basic to private-sector
managers, including international economic
law, extension of US domestic regulatory
policies beyond US territory, and the problems
of obtaining consistency among nations'
regulation of transborder business. Emer-
gence of international regulation of transporta-
tion, communications, trade, ocean use,
finance, food and health standards, and multi-
national corporations.
J. D. Nyhart
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15.645 Government and the Management of
Technology

Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

The changing role of government in shaping
and directing the management of technology
in the civilian sector of the economy. Principal
themes: rationales, processes, and
mechanisms of government involvement;
promotion and regulation of technological
development and use by government; and in-
dustrial policy in the US and other countries. Il-
lustrative case studies: protection of individual
property, R&D policy, environmental regula-
tion, administrative law.
J. D. Nyhart

15.649 Special Seminar in Law

Prereq.: -
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study by graduate stu-
dents on current topics related to law not other-
wise included in curriculum.
J. D. Nyhart, J. A. Lachman

15.655J Law, Technology, and Public
Policy

(Same subject as TPP 32J, 3.576J)
Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject TPP 32J.
N. A. Ashford, C. C. Caldart

15.656J Technology, Law, and the Working
Environment

(Same subject as 10.805J, TPP 35J)
Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 10.805J.
N. A. Ashford, C. C. Caldart

15.658J Legal Issues in the Development
Process

(Same subject as 11.252J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 11.252J.
L. Bacow

See also 15.581.

Industrial Relations and
Human Resource
Management

15.660 Industrial Relations and Human
Resource Management

Prereq.: 15.311
G (2)
2-0-4 H-LEVEL Grad Credit

15.662 Industrial Relations and Human
Resource Management

Prereq.: Permission of instructor
G (S)
3-0-6 H-LEVEL Grad Credit

Introduces industrial relations and human
resource management at level of the firm. Ex-
plores role of firm in its larger industrial rela-
tions systems. Examines effects of the
environment on human resource management
strategies. Assesses strategies against their ef-
fects on the firm, its employees, labor organiza-
tions, and public policies. Uses collective
bargaining game to demonstrate dynamics of
negotiations and conflict resolution. 15.660
primarily for Sloan School of Management
graduate students. 15.662 restricted to Sloan
Fellows. Coverage in 15.662 deeper and more
extensive.
15.660: P. Osterman
15.662: R. B. McKersie

15.664 Management of Human
Resources

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
2-0-7 H-LEVEL Grad Credit

Seminar covering various topics in labor
economics and human resources. Topics in-
clude career patterns in organizations, public
employment policy, impact of technical
change, discrimination and affirmative action,
wage determination, training policy, and
unionization.
P. Osterman

15.665 Power and Negotiation

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Provides understanding of the theory and
processes of negotiation as practiced in a
variety of settings. Designed for relevance to
the broad spectrum of bargaining problems
faced by the manager and professional. Allows
students opportunity to develop negotiation
skills experientially and to understand negotia-
tion in useful analytical frameworks. Em-
phasizes simulations, exercises, role playing,
and cases.
R. P. McKersie, M. P. Rowe

15.666 Negotiation and Conflict
Management

Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Explores theory and processes of negotiation
within an employment context. Covers conflict
management as a first party and as a third
party (third-party skills include helping others
deal directly with their conflicts, mediation, in-
vestigation, arbitration, helping the system it-
self to change as a result of a dispute). Special
cases: abrasiveness, dangerousness, mean-
ness, whistleblowing, ethics. Simulations of dif-
ficult situations: hiring, firing, drug use, etc.
Complementary to 15.665.
M. P. Rowe

15.671J Labor Economics I

(Same subject as 14.671J)
Prereq.: 14.64 or 15.663
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 14.671J.
S. Davis, M. Piore

15.672J Labor Economics 11

(Same subject as 14.672J)
Prereq.: 14.04
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 14.672J.
J. Currie, S. Pischke

15.674J International Perspectives on
Industrial Relations and Human Resource
Development

(Same subject as 14.674J)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

International and comparative analysis of in-
dustrial relations systems and systems of
human resource development. Concentrates
on an examination of selected issues involving
the nature and functions of labor and manage-
ment organization in different contexts, role of
the state in establishing procedures and shap-
ing the substance of industrial relations,
employment structure in the context of com-
parative systems of human resource develop-
ment, worker participation in management,
and other topics.
R. M. Locke
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15.676 Industrial Relations Theory and
Research Seminar

Prereq.: Permission of instructor
G (2)
2-0-7 H-LEVEL Grad Credit

Historical evolution and assessment of re-
search in industrial relations. Introduces doc-
toral students to the field and explores where
their research interests fit within the broader
field. First part compares the normative as-
sumptions, theories, and methodologies used
by economists, historians, sociologists,
psychologists, and legal scholars from the lat-
ter nineteenth century to the present. Final por-
tion explores strategies for advancing research
on topics of current interest to participants.
T. A. Kochan

15.677J Public Policy and Human
Resources

(Same subject as 11.508J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Research seminar covering topics such as
public and private training policy, anti-poverty
programs, the relationship between federal
labor policy and the organization of work within
firms, public policy and the transformation of in-
dustrial relations, and family issues and other
benefit policies within firms.
P. Osterman

15.678J Political Economy 1: Theories of
the State and the Economy

(Same subject as 17.156J, 14.781J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.156J.
S. Berger, M. J. Piore

15.691J Research Seminar in Industrial
Relations

(Same subject as 14.691J)
Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

15.692J Research Seminar in Industrial
Relations

(Same subject as 14.692J)
Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Discusses important areas for research in in-
dustrial relations; frameworks for research, re-
search techniques, and methodological
problems. Centered mainly on staff research
and the thesis research of advanced graduate
students and invited guests.
Information: T. A. Kochan.

15.699 Special Seminar in Industrial
Relations

Prereq.: 15.660 or 15.662
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study by graduate stu-
dents on current topics related to industrial
relations and human resource management
not otherwise included in curriculum.
T. A. Kochan

Operations Management

15.760 Introduction to Operations
Management

Prereq.: 15.060
G (2)
2-0-4 H-LEVEL Grad Credit

15.761 Operations Management

Prereq.: Permission of instructor
G (S)
3-0-6 H-LEVEL Grad Credit

Introduces students to problems and analysis
related to the design, planning, control, and im-
provement of manufacturing and service opera-
tions. Includes process analysis, project
analysis, materials management, production
planning and scheduling, quality management,
computer-aided manufacturing technologies,
design for manufacturing, capacity and
facilities planning, and operations strategy.
15.760 primarily for graduate students in Sloan
School of Management. Course 15 under-
graduates must have 6.041, 15.053, and
15.501 as prerequisites.
S. D. Eppinger, K. T. Ulrich, L. M. Wein

15.762 Operations Management Models
and Applications

Prereq.: 15.760 or 15.761 or permission of in-
structor
G (2)
2-0-4 H-LEVEL Grad Credit

Builds upon concepts developed in 15.760 and
15.761. Focuses on models and techniques
that operations managers use to diagnose and
evaluate operational performance, and make
short-term and long-term decisions. Intro-
duces, through lectures, exercises, and case
discussions, various descriptive and decision-
support models and methods for inventory
management, production planning and
scheduling, quality improvement, tactical plan-
ning, capacity planning, manufacturing sys-
tems design. Strongly recommended for
Operations Management concentrators.
A. Balakrishnan

15.763 The Practice of Operations
Management

Prereq.: 15.760 or 15.761
G (1)
3-0-6 H-LEVEL Grad Credit

Provides an opportunity to apply TQM and
decision support methods to practice through
operations improvement and planning projects
in local manufacturing and service organiza-
tions. Team projects provide experience in
defining, diagnosing, and analyzing complex
problems, and developing effective solutions.
Case analyses and class discussions focus on
the process and tools for operations improve-
ment. Emphasizes integrative approach, using
methodologies from operations management,
information systems, and organizational be-
havior. Strongly recommended for operations
management concentrators.
A. Balakrishnan

15.764 The Theory of Operations
Management

Prereq.: 15.081J or 6.251, 6.431, 15.760 or
15.761
G (2)
3-0-6 H-LEVEL Grad Credit

Focus on theoretical work for studying opera-
tions planning and control problems. Topics
vary from year to year, and will include inven-
tory theory, sequencing theory, aggregate
production planning, production scheduling,
multistage production/distribution systems, per-
formance evaluation, and flexible manufactur-
ing systems.
A. Balakrishnan, L. M. Wein

15.766 Total Quality Management

Prereq.: 6.431 or 6.430J
G (S)
3-0-6 H-LEVEL Grad Credit

Teaches broad management skills and con-
cepts for total quality management, an ap-
proach to quality encompassing management
strategy, outlook, commitment, and methods
applicable in any culture. Encompasses tools
and approaches for quality management, prob-
lem-solving, and improvement activities
through lectures, readings, applications (includ-
ing written reports), and participation in a
workshop.
S. Shiba

15.768 Operations Management in the
Service Industry

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Explores the difference between service and
manufacturing operations, and the degree of
distinct management skills and tools required.
Analyzes cases selected from variety of ser-
vice operations. Guest speakers from specific
service industries discuss essence of manag-
ing those operations.
G. R. Bitran
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15.769 Manufacturing Policy

Prereq.: 15.760 or 15.761 or Permission of
Instructor
G (1, 2)
3-0-6 H-LEVEL Grad Credit

Provides framework for analyzing strategic is-
sues in manufacturing. Analyzes relationships
between manufacturing managers and their
suppliers, customers, competitors, superiors,
and hourly workers. Also covers the interface
between manufacturing and marketing, en-
gineering, quality, purchasing, finance, and ac-
counting. Devotes a moderate amount of time
to international manufacturing competition.
C. H. Fine

15.770J Transportation and Logistics
Analysis

(Same subject as 1.208J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

See description under subject 1.208J.
S. C. Graves, Y. Sheffi

15.771J Case Studies in Logistics
Management

(Same subject as 1.209J)
Prereq.: Permission of instructor
G (1)
3-0-6
See description under subject 1.209J.
J. Byrnes

15.778 Service Industry Operations

Prereq.: Permission of instructor
G (1)
2-0-4 H-LEVEL Grad Credit

Examines the special problems of designing,
producing, and delivering services (as op-
posed to physical goods) and explores the dif-
ferent management tasks faced in various
types of service firms. The primary (though not
exclusive) focus of the course is on operations
management, including the relationship be-
tween operating decisions and company
strategy. Restricted to Sloan Fellows.
G. R. Bitran

15.779 Manufacturing Management

Prereq.: Permission of instructor
G (1)
2-0-4 H-LEVEL Grad Credit

Provides framework for analyzing strategic is-
sues in manufacturing. Analyzes relationships
between manufacturing managers and their
suppliers, customers, competitors, superiors,
and hourly workers. Also covers the interface
between manufacturing and marketing, en-
gineering, quality, purchasing, finance, and ac-
counting. Devotes a moderate amount of time
to international manufacturing competition.
Similar in content to 15.769. Restricted to
Sloan Fellows.
C. H. Fine

15.783J Product Development in the
Manufacturing Firm

(Same subject as 2.739J, 3.59J)
Prereq.: 15.760 or 15.761 or 2.731 or 2.73 or
permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Addresses the role of product development in
the manufacturing firm. Uses cases, hands-on
exercises, readings, and team projects to in-
vestigate topics including product require-
ments, quality improvement, and design for
production. Projects involve designing and
prototyping a product and process, either of
the student's choice or for an industrial spon-
sor. Students with an engineering background
and a strong career interest in product design
are especially encouraged to enroll.
S. D. Eppinger, K. T. Ulrich, W. C. Flowers,
T. W. Eagar

15.792J Proseminar in Manufacturing

(Same subject as 2.890J, 3.80J, 10.792J,
16.985J)
Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Provides an integrative forum and experience
for students, faculty, and companies affiliated
with the Leaders for Manufacturing (LFM) Pro-
gram. The seminar covers a set of integrative
manufacturing topics or issues such as leader-
ship and related topics, and includes presenta-
tions by LFM faculty and guest speakers. The
seminar also includes presentation of projects
done by LFM students. Primarily for LFM Fel-
lows.
D. B. Rosenfield

15.794 Research Project in
Manufacturing

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

A special projects subject designed for
Leaders for Manufacturing (LFM) students in
conjunction with on-site projects at LFM
partner companies. Student teams work on
faculty-supervised research projects that deal
with a specific aspect of manufacturing. Stu-
dents are required to summarize their work in
the context of understanding organization,
team-work, and task management. Completion
of projects is the basis for joint theses in
management and engineering.
D. B. Rosen field

15.795 Seminar in Operations
Management

Prereq.: 15.760 or 15.761
G (1, 2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Topics vary from year to year. Typical ex-
amples from past years: manufacturing
strategy, managing quality improvement.
C. H. Fine

15.799 Workshop in Operations
Management

Prereq.: -
G (1, 2)
Units arranged
Can be repeated for credit

Presentations by faculty, doctoral students,
and guest speakers of ongoing research relat-
ing to current issues in operations manage-
ment. Topics: reports of research projects
(proposed or in progress) and informal discus-
sions of recent literature dealing with subjects
of special interest to participants. Primarily for
doctoral students. Consult G. R. Bitran.

Marketing

15.810 Introduction to Marketing

Prereq.: 15.060
G (2)
2-0-4 H-LEVEL Grad Credit

Introduces concepts and skills needed to
manage the marketing function. Topics:
marketing strategy, competitive analysis, con-
sumer behavior, new product development,
marketing research, and the marketing mix -
advertising, promotion, personal selling, dis-
tribution, and pricing. Lectures, cases, and
problem sets. Class meets three times per
week for half the term. Primarily for graduate
students in Sloan School of Management.
Others please note 15.812.
J. R. Hauser, B. Wernerfelt

15.811 Strategic Marketing

Prereq.: 15.063, 15.511
G (1)
3-0-6 H-LEVEL Grad Credit

An examination of the marketing process from
the perspective of the general manager. Em-
phasis on consumer behavior, life cycles, seg-
mentation, positioning, market response and
competitive strategy, the development and
marketing of new products, and the special
challenges of the global marketplace.
Restricted to Sloan Fellows.
G. L. Urban

15.812 Marketing Management

Prereq.: -
G (2)
3-0-6
Similar content to 15.810, but coverage is
deeper and more extensive. Primarily for non-
Sloan School graduate students and under-
graduate students. In the event the subject is
oversubscribed, priority is given to Course 15
students.
W. Chu
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15.814 Marketing Management

Prereq.: 15.061 or equivalent
G (1)
3-0-6 H-LEVEL Grad Credit

Similar in content to 15.812 but with a technol-
ogy focus. Restricted to Management of Tech-
nology students.
Information: G. L. Urban.

15.820 Advanced Marketing
Management

Prereq.: 15.810 or 15.812
G (2)
2-0-4 H-LEVEL Grad Credit

Concentrates on advanced topics in market-
ing. Guest speakers, projects, and team par-
ticipation in a marketing strategy game.
Primarily for Sloan School of Management
graduate students; others admitted by permis-
sion of instructor.
Information: W. J. Qualls.

15.824 Marketing Communications

Prereq.: 15.810 or 15.812
G (1)
3-0-6 H-LEVEL Grad Credit

Focuses on issues involved in the manage-
ment of advertising and promotion strategy.
Familiarizes students with concepts and tech-
niques relevant to the planning and control of
marketing communication campaigns. Lec-
tures, guest speakers, case discussions,
projects.
F. Leclerc

15.825 Marketing Models

Prereq.: 15.810, 15.812, or Permission of
Instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Basic modeling approaches. Models for
specific decision areas: price, promotion, ad-
vertising, distribution, and sales force. Integra-
tive models; the marketing mix, new products.
Emphasizes decision support systems.
W Chu

15.826 Business to Business Marketing

Prereq.: 15.810 or 15.812
G (2)
3-0-6 H-LEVEL Grad Credit

Focuses on the marketing of products and ser-
vices to business and consumers. Emphasizes
the implementation of specific decision areas
of price, sales force, distribution, and promo-
tion for the industrial marketing system.
W. J. Qualls

15.827 Consumer Marketing

Prereq.: 15.810 or 15.812
G (1)
3-0-6 H-LEVEL Grad Credit

Provides a comprehensive framework and a
variety of concepts to analyze and understand
the consumer in order to develop better
marketing strategies. Lectures, guest
speakers, case discussions, projects.
F. Leclerc

15.828 New Product Development

Prereq.: 15.810 or 15.812
G (2)
3-0-6 H-LEVEL Grad Credit

Identifies new market opportunities. Designs
"core benefits" of a new product having high
potential. Designs physical product and market-
ing mix to fulfill the "core benefits." Testing,
launching, and managing the new product.
Develops theory, measurement, and models to
manage this process. Requires term project.
D. Prelec

15.832 Measurement for Management

Prereq.: 15.810 or 15.812
G (1)
3-0-6 H-LEVEL Grad Credit

Familiarizes students with methods for collect-
ing, analyzing, and interpreting data relevant
to the managerial decision-making process.
Surveys design, sampling, questionnaire
design, focus groups, experimentation, scal-
ing, and data analysis. Focuses on measure-
ment of perceptions, attitudes, and
preferences. Lectures, guest speakers,
projects.
D. Prelec

15.834 Marketing Strategy

Prereq.: 15.810 or 15.812
G (2)
3-0-6 H-LEVEL Grad Credit

Examines marketing aspects of strategy for-
mulation. Studies market phenomena that are
foundations of strategy. Analyzes decisions
about brand, product line, strategic-business
unit, and corporate marketing strategy. Lec-
tures, cases.
G. L. Urban

15.838 Research Seminar in Marketing

Prereq.: 15.810 or 15.812
G (1, 2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Seminar on current marketing literature and
current research interests of faculty and stu-
dents. Topics such as the game theory, com-
petitive strategy, marketing experimentation,
consumer behavior, and the development of
marketing models. Restricted to doctoral stu-
dents.
Consult J. R. Hauser.

15.839 Workshop in Marketing

Prereq.: Permission of instructor
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Presentations by faculty, doctoral students,
and guest speakers of ongoing research relat-
ing to current issues in marketing. Topics:
reports of research projects (proposed or in
progress) and informal discussions of recent
literature dealing with subjects of special inter-
est to participants. Primarily for doctoral stu-
dents.
F. Leclerc

System Dynamics

15.852 Principles of Dynamic Systems I

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 REST

15.872 Principles of Dynamic Systems I

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Introductory course in system dynamics, a
powerful computer simulation technique for
modeling physical, human, and other systems.
Aids in the analysis of complex issues such as
technological change, AIDS, corporate
strategy, ecological change, economic turmoil,
and student burnout. Learn to deal with situa-
tions where policies are defeated by unan-
ticipated reactions and side effects.
Emphasizes a mix of computer models, role-
playing games, and case studies. Hands-on
experience with a variety of computer simula-
tion models and software.
J. D. Sterman

15.873 Principles of Dynamic Systems 11
Prereq.: 15.872 or 15.874
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Continues philosophy and methods of 15.874,
with purpose of expanding students' ability to
build computer simulation models and analyze
behavior arising from complex dynamic feed-
back systems. Topics: translating qualitative
observations on real systems into quantitative
models; methods for relating system structure
to system behavior; common errors in model
construction and policy design. Alternate years.
J. D. Sterman



15.874 System Dynamics for Business
Policy

Prereq.: -
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Why do so many business strategies fail? Intro-
duction to system dynamics modeling applied
to corporate strategy. Uses a mixture of simula-
tion models, role-playing games, and case
studies to develop principles for successful
management of complex strategies in a
dynamic world. Case studies of successful
strategy design using system dynamics. Con-
siders strategic issues such as business
cycles, market growth and stagnation, the dif-
fusion of new technologies, the misuse of
forecasts, and the rationality of managerial
decision making.
J. D. Sterman

15.875 Applications of System
Dynamics

Prereq.: 15.872 or 15.874
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Project-based subject, applying methods of
system dynamics to real corporate problems.
Class divided into groups that act as consult-
ants to local corporations. Meetings with cor-
porate managers and staff to obtain
information for model construction; instructor
provides advice and guidance on model for-
mulation and testing. Final report on work
done and recommendations. Alternate years.
J. D. Sterman

Corporate Strategy and
Policy

15.930 Strategic Management
(Revised Units)

Prereq.: -
G (1)
2-0-6
15.931 Strategic Management

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Deals with approaches to strategic manage-
ment problems affecting all facets of the
enterprise. Discussions, cases, field studies,
and readings trace strategy practice, methodol-
ogy, and theory. Focus on both strategic for-
mulation and implementation. 15.930 useful as
a broad introduction to the corporate strategy
field and is restricted to Sloan School of
Management graduate students. 15.931 is
restricted to Sloan Fellows and non-Sloan
School students.
15.930: M. A. Cusumano
15.931: A. C. Hax, M. Segall

15.932 Technology Strategy

Prereq.: 15.930 or 15.931 or Permission of
Instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Considers key aspects of the emerging tech-
nology-strategy relationship in the large cor-
poration from different perspectives, including
the individual firm, an entire industry, the in-
dustrial policy of a nation, cross-country com-
parisons, and cross-industry comparisons.
Uses conceptual readings, empirical studies,
case studies, student field studies, and invited
outside speakers.
Information: M. A. Cusumano.

15.933 Advanced Strategic Management

Prereq.: 15.930 or 15.931 or Permission of
Instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Focuses on some important issues in strategic
management. Builds on foundation provided
by the basic subject in strategic management
(15.930 or 15.931) and applies perspectives in
new, relevant, and challenging directions.
Course emphasizes a technological and global
outlook since this orientation highlights sig-
nificant emerging trends in strategic manage-
ment.
D. R. Lessard

15.934 Research Seminar in Corporate
Strategy

Prereq.: 15.930 or 15.931
G (2)
3-0-6 H-LEVEL Grad Credit

Seminar built around published theoretical and
empirical research in corporate strategy is-
sues. Students share leadership of seminar,
using journal articles focusing on the study of
particular strategic issues or problems. Articles
drawing on theory and/or methodology may
come from current literature in economics, the
behavioral sciences, or management science.
Articles and topics change each term.
W. Ocasio

15.936 Applied Corporate Analysis

Prereq.: 15.412 or 15.415; 15.761, 15.812
G (1)
3-0-9 H-LEVEL Grad Credit

Provides practice in identifying important
management issues, making reasoned judg-
ments about priorities, and defending choice of
issues and priorities. Students assume roles of
managers and board members in class ses-
sions simulating top management and board
meetings. Visits to operating and corporate ex-
ecutives. Limited to 20.
W. F. Pounds
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15.938 Economics for Technology
Strategy

Prereq.: 15.011 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6 H-LEVEL Grad Credit

Introduces students to the core concepts of
the economics of technological change and
their application to the formulation of technol-
ogy strategy. Topics include investment in re-
search as a function of market structure, firm
size, technical history, and organizational
capability; optimal licensing policies; joint ven-
tures; and theories of diffusion and adoption.
P. M. Henderson

15.939 Advanced Topics in Policy and
Strategy

Prereq.: 15.930 or 15.931
G (1, 2)
Units arranged H-LEVEL Grad Credit

The twin forces of a global business environ-
ment that is turbulent and likely to remain so,
and shifting customer ideas of value, are put-
ting many organizations under real pressure.
At the same time, information technology is
rapidly changing. This, in turn, can change
how and where work gets done and which or-
ganizational forms will be most effective. Sub-
ject explores these issues and suggests ways
of thinking about what organizational forms are
most likely to emerge over the next decades.
Primarily for doctoral students and others with
experience.
M. S. Scott Morton

15.940 Environmental Challenges in
Corporate Management
(New)

Prereq.: 15.011 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Examines the response of corporate manage-
ment to changing public and consumer at-
titudes about protection of the physical
environment, and to the resulting expansion of
government regulation and legal liability. Or-
ganized along dimensions of corporate
response, such as issue management, product
and market strategy, and firm organization and
incentive programs. Uses examples ranging
from toxic waste to global warming, and
covers analysis concepts and methods that
are prominent in environmental management
and regulation.
H. D. Jacoby
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15.941 Managing the Real Estate
Company

Prereq.: 11.431 or 15.412 or 15.415
G (2)
3-0-6 H-LEVEL Grad Credit

Case studies of real estate companies il-
lustrate management and organization theory
and concepts. Course topics include: strategic
planning, organization design, styles and skills,
delegation, motivation and rewards, learning,
information technology, and ethics. Students
are required to participate in field research
projects.
G. Schuck

Special Studies

15 UR Undergraduate Research in
Management

Prereq.: -
U (1, IAP, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

15 URG Undergraduate Studies in
Management

(15.950)
Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

Participation in the work of a research group
which includes such activities as independent
study of the literature, direct involvement in the
group's research (commensurate with the
student's skills and preparation), or project
work under an individual faculty member pos-
sibly extending over more than one term. Ad-
mission by arrangement with individual faculty
member. Requires written project report. Stu-
dents wanting a letter grade should register
under 15 URG.
J. S. Carroll

15.951 Special Studies in Management

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

Special tutorial arrangement with a faculty
member for guided reading, research,
laboratory, or teaching experience.
J. A. Meldman

15.952-15.959 Special Seminars in
Management

Prereq.: -.-
U (1, IAP, 2)
Units arranged
Can be repeated for credit

Opportunity for group study by undergraduate
students on current topics related to manage-
ment not otherwise included in curriculum.
Consult Undergraduate Program Head-
quarters. 15.952 is taught P/D/F.

15.961 Special Studies in Management

Prereq.: Permission of instructor
G (1, IAP, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

For graduate students who desire to do ad-
vanced work or to carry out some special in-
vestigation of a management problem not
specifically covered elsewhere and not qualify-
ing as a thesis. Readings, conferences,
laboratory and fieldwork, and reports. Consult
Department Headquarters.

15.962-15.971 Special Seminars in
Management

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

15.973-15.976 Special Seminars in
Management
(New)

Prereq.: Permission of instructor
G (1, IAP, 2)
Units arranged [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study by graduate stu-
dents on current topics related to management
not otherwise included in curriculum. Consult
Department Headquarters.

15.977 Seminar in Management

Prereq.: 15.311, 15.660
G (1)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Investigates effective management through in-
formal meetings with executives representing
a range of industries and functions in both
public and private sectors. Examines
managerial philosophies, practical problems of
management, and personal career paths, and
enables students to develop skill in careful lis-
tening and the art of asking questions.
Restricted to Sloan School of Management
graduate students.
D. A. Weber

15.978 Seminar in Management I

Prereq.: 15.511
G (1)
3-0-6 H-LEVEL Grad Credit

Provides students opportunities to meet senior
executives of private and public institutions,
and to discuss key management issues from
the perspective of top management. Students
prepare detailed briefings identifying and
analyzing important management issues
facing these organizations. Seminar concludes
with a one-week field trip to southern Connec-
ticut and New York City. Restricted to Sloan
Fellows.
W. F. Pounds, C. R. Grader

15.979 Seminar in Management 11
Prereq.: 15.978
G (2)
3-0-6 H-LEVEL Grad Credit

Continuation of subject 15.978 on the iden-
tification and analysis of important manage-
ment issues. Students prepare briefings and
meet with senior government and international
leaders during field trips to Washington and a
selected international area. Restricted to Sloan
Fellows.
C. R. Grader
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Course 16 Aeronautics and
Astronautics

For degree requirements, see listing in
Chapter VII under the School of
Engineering.

Core Undergraduate Subjects

16.00 Introduction to Aerospace
Engineering

(16.005)
Prereq.: -
U (2)
3-1-5

Presents the fundamental concepts and ap-
proaches of aerospace engineering in the con-
text of a series of conceptual design studies of
aerospace vehicles and their subsystems; com-
mercial transport aircraft, launch vehicles,
fighter aircraft, aircraft engines, rocket en-
gines, atmospheric reentry vehicles, control
systems. The performance, weight, and prin-
ciple characteristics of these systems are es-
timated and illustrated using physics,
mathematics, and chemistry known to entering
freshmen, the emphasis being on the applica-
tion of this knowledge to aerospace engineer-
ing rather than on exposure to new science
and mathematics.
J. L. Kerrebrock

16.010 Unified Engineering I
(Revised Content)

(16.001)
Prereq.: 8.02, 18.03 or 18.034
U (1)
4-2-6 REST

16.020 Unified Engineering 11
(Revised Content)

(16.002)
Prereq.: 8.02, 18.03 or 18.034
U (1)
4-1-7

16.010 and 16.020 require simultaneous
registration. Presents the principles and
methods of engineering, as well as their inter-
relationships and applications, through lec-
tures, recitations, design problems, and labs.
Disciplines introduced include: statics, solid
mechanics, dynamics, fluid dynamics, ther-
modynamics, propulsion, signal and system
analysis, and circuits. Topics: mechanics of
solids and fluids; statics and dynamics for
bodies systems and networks; conservation of
mass and momentum; properties of solids and
fluids; temperature, conservation of energy;
stability and response of static and dynamic
systems. Applications include particle and rigid
body dynamics; stress and deformations in
beams and columns; airfoils and nozzles in
high-speed flow; passive and active circuits.
Laboratory exposure to empirical methods in
engineering; illustration of principles and prac-
tice. Design of typical aircraft or spacecraft ele-
ments.
E. F. Crawley, E. M. Greitzer, J. E. McCune,
M. Martinez-Sanchez, W. R. Markey,
J. Paduano, D. Newman, D. Gonzales

16.030 Unified Engineering III
(Revised Content)

(16.003)
Prereq.: 16.010, 16.020
U (2)
4-2-6

16.040 Unified Engineering IV

(16.004)
Prereq.: 16.010, 16.020
U (2)
4-1-7

16.030 and 16.040 require simultaneous
registration. Presents concepts, principles, and
methods of engineering, emphasizing unified
presentation of disciplines, by application to
high-technology devices and aerospace sys-
tems. Topics: behavior and failure of structural
materials; dynamics of systems; low-speed
flows; representation of information. Applica-
tions include failure modes in structures, frac-
ture, fatigue, plasticity; flow over bodies, lift
and drag of airfoils and wings; dynamics of
aircraft, spacecraft, and orbital transfer; aircraft
and rocket engines; filtering, sampling, and
modulation. Techniques presented for model-
ing and optimization of systems. Experiments
in mechanics, subsonic and supersonic flows,
system dynamics, analog networks and cir-
cuits. Design and evaluation of an aircraft or
spacecraft component.
E. F. Crawley, E. M. Greitzer, J. E. McCune,
M. Martinez-Sanchez, W. R. Markey,
J. Paduano, D. Newman, D. Gonzales

16.050 Thermal Energy
(New)

Prereq.: 16.030-16.040
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9
Thermodynamic principles relevant to en-
gineering processes, particularly aerospace
power generation and propulsive cycles. Intro-
ductory analysis of conductive, convective,
and radiative heat transfer and their roles in
flight vehicles. Aerospace propulsion as an ex-
ample showing application of the ideas
developed in 16.010-16.040 and key roles of
these ideas in the design of high-performance
vehicles.
E. M. Greitzer
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16.060 Principles of Automatic Control
(Revised Units)

(16.30)
Prereq.: 16.030-16.040
U (1)
3-2-7

Provides a solid foundation in the methods
used to analyze feedback control systems, in-
cluding closed-loop stability and performance;
a working understanding of the relationship be-
tween specifications on control system perfor-
mance and frequency domain characteristics
of the control system; an appreciation for the
issues in control system design.
W. R. Markey, S. R. Hall

Mechanics and Physics of Fluids

16.100 Fluid Mechanics in Aerospace
Applications
(Revised Units)

(16.02)
Prereq.: 16.030-16.040 or 2.20 or 1.06
U (1)
4-0-8

Air as a continuum, free molecular flow. Dimen-
sionless parameters and scaling. Similarity
concepts. Velocity potential and stream func-
tion. Vorticity, circulation, Biot-Savart. Conser-
vation equations. Generalized Bernoulli
equation. Kelvin impulse. Lift, drag, and thrust
from the momentum equation. 2-D wings, sub-
sonic flow, supersonic flow. Slender bodies,
fuselages. Boundary layers (laminar and tur-
bulent), Kutta condition. Skin friction and heat
transfer. Separation and stall. Role of stream-
lining. Unsteady flow.
E. E. Covert

16.106 Molecular Gas Dynamics of Space
and Reentry

(16.06)
Prereq.: 16.040 or 2.40 with either 2.20 or 1.05
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
4-0-8

Elements of gas dynamics and plasma physics
relevant to orbiting flight and atmospheric
entry of space vehicles. Molecular and convec-
tive effects. Drag and heat transfer. Spacecraft
charging. Discussion is based on kinetic theory
of gases and on statistical mechanics. Leads
to understanding of real gas effects, including
rates of dissociation and ionization, and radia-
tive heat transfer. Gas-surface interactions. Ap-
plication to performance of space and design
vehicles.
H. Y. Wachman, L. Trilling

16.110 Flight Vehicle Aerodynamics

(16.04)
Prereq.: 16.100
G (1)
3-1-8

Aerodynamic analysis of flight vehicles using
analytical, numerical, and experimental techni-
ques separately and in combination. Matched
asymptotic expansions. Farfield behavior.
Finite wing theory. Trefftz-plane analysis.
Laminar and turbulent boundary layers.
Slender body theory. Calculation and measure-
ment of drag components. Aerodynamic
stability derivatives.
M. Drela

16.121 Low-Speed Aerodynamics
(Revised Units)

(16.035)
Prereq.: 16.110
G (1)
3-0-9 H-LEVEL Grad Credit

Advanced techniques in fluid mechanics, em-
phasizing both the underlying physics and their
applications to subsonic and transonic flight
vehicles. Advanced topics in laminar and tur-
bulent boundary layers. Separation and stall.
Vorticity kinematics and dynamics. Behavior of
strong vortices and vortex bursting. Unsteady
flows. Low- and high-aspect ratio wings.
Slender body theory. Transonic flow.
K. S. Breuer, M. T. Landahl

16.122 High-Speed Aerodynamics
(New)

Prereq.: 16.110
G (2)
4-0-8 H-LEVEL Grad Credit

Aerodynamic loading on wings of high- and
low- aspect ratios, and on slender bodies at su-
personic speeds. Minimum drag. Transonic
flow. Hypersonic inviscid flow. Boundary layers
at high Mach numbers.
M. T. Landahl, J. W. McCune, L. Trilling

16.123 Gases and Fluids in the Space
Environment
(New)

Prereq.: 16.100, 6.041, 8.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-0-8 H-LEVEL Grad Credit

The space environment. Scales, mean free
path. Nondimensional numbers. Temperature
and transport coefficients. Kinetic theory and
statistical mechanics (Boltzmann equation,
Maxwell-Boltzmann distribution, entropy). Con-
tinuum equations (boundary conditions, slip,
reacting surfaces). Planetary atmospheres.
Electromagnetic environment. Reentry (heat
balance). Gravity-free flows. Reaction kinetics.
D. E. Hastings, L. Trilling, H. Y. Wachman

16.13 Aerodynamics of Viscous Fluids -
Boundary-Layer Approximation

(16.041)
Prereq.: 16.110
G (2)
3-0-9 H-LEVEL Grad Credit

Boundary layers as rational approximations to
the solutions of exact equations of fluid mo-
tion. Physical parameters influencing laminar
and turbulent aerodynamic flows and transi-
tion. Effects of compressibility and heat con-
duction. Influence of boundary layers on outer
potential flow and appropriate numerical solu-
tion techniques. Numerical exercises require
familiarity with FORTRAN or similar language.
M. Drela

16.14 Transition and Turbulence

(1 6.044J)
Prereq.: 16.110 or 16.121
G (2)
4-0-8 H-LEVEL Grad Credit

Analysis and description of transitional and tur-
bulent flows drawing from theoretical, numeri-
cal, and experimental approaches. Linear and
nonlinear stability theory. Three-dimensional
disturbances and bypass transition.
Homogeneous turbulence. Kolmogorov theory.
Structure of turbulence shear flows, including
the dynamics of coherent structures in near-
wall boundary layers. Turbulence modeling.
Other topics of current research interest.
K. S. Breuer

16.150 Unsteady Fluid Mechanics

(16.055)
Prereq.: 16.121
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Fluid mechanics of fixed airfoils, wings, bodies,
and cascades in unsteady potential flows; or
moving airfoils, wings, bodies, and cascades in
a uniform stream. Methods (analytical and
numerical) for predicting the pressure on un-
steadily moving bodies in subsonic, transonic,
and supersonic flow. A limited discussion of
viscous effects, boundary layers, aerodynamic
noise generation, flow instability, and separa-
tion introduced where appropriate. Alternate
years.
M. T. Landahl

16.160 Computational Fluid Dynamics

(16.026)
Prereq.: 16.90 or 18.086
G (2)
3-0-9 H-LEVEL Grad Credit

Computational methods for compressible invis-
cid and viscous flow. Euler and Navier-Stokes
equations in general nonorthogonal, cur-
vilinear coordinates, using finite-difference,
finite-volume, and finite-element methods.
Coordinate system generation. Draws applica-
tions from internal and external flow problems
in aerospace vehicles. Assignments requiring
use of digital computer.
J. Peraire
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Structures and Materials

16.20 Structural Mechanics I
(Revised Content)

Prereq.: 16.030-16.040, or 2.01
U (1)
5-0-7 '

Applies solid mechanics to analysis of high-
technology structures. Structural design con-
siderations. Review of three-dimensional
elasticity theory; stress, strain, anisotropic
materials, heating effects. Two-dimensional
plane stress and plane strain problems. Tor-
sion theory for arbitrary sections. Bending,
shear, and torsion of unsymmetric section and
thin-wall beams. Buckling of columns and
stability phenomena. Structural dynamics in-
cluding influence coefficients, modeling, vibra-
tion modes, normal equations of motion,
dynamic response to sinusoidal and arbitrary
forces.
P.rA. Lagace

16.202 Manufacturing with Advanced
Composite Materials

(16.291)
Prereq.: -
U (1)
1-3-2

Introduces the various methods used to
manufacture parts made of advanced com-
posite materials. Revolves around laboratory
sessions in the Technology Laboratory for Ad-
vanced Composites. Students gain hands-on
experience by using various laboratory tech-
niques to fabricate and test graphite/epoxy
specimens. Lectures supplement laboratory
sessions with background information on the
nature of composites, curing, composite
machining, secondary bonding, and the testing
of composites.
H. L. McManus

16.210 Structural Mechanics II
(New)

Prereq.: 16.20
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-0-8

Introduces analysis techniques for complex
structures and the role of material properties in
structural design, failure, and longevity. Energy
principles in structural analysis and applica-
tions to statically-indeterminate structures and
solid continua. Matrix and finite-element
methods of structured analysis including bars,
beams, and two-dimensional plane stress ele-
ments. Structural materials and their proper-
ties; metals, composites. Modes of structural
failure. Criteria for yielding and fracture. Crack
formation and fracture mechanics. Fatigue and
design for longevity. Other failure modes.
Structural design project.
Staff

16.221 Structural Dynamics

(16.91)
Prereq.: 16.20
G (1)
3-0-9 H-LEVEL Grad Credit

Vibrations of simple and complex structures:
bars, strings, rods, beams, plates; emphasizes
physical concepts. Analyzes continuous and
multimass systems. Formulation and applica-
tion of diverse methods; finite element,
Galerkin, integral equation, and numerical col-
location. Variational principles in dynamics:
Hamilton's Principle and Lagrange's equa-
tions. Transient response solution by modal su-
perposition and direct numerical integration
techniques. Self-excited vibrations, dynamic
stability. Wave propagation concepts. See
2.032 and consult advisor.
N. W. Hagood

16.222 Mechanics of Filamentary
Composite Materials

(16.292)
Prereq.: 16.20
G (1)
3-0-9 H-LEVEL Grad Credit

Studies the behavior of filamentary composite
materials composed of boron, graphite, glass,
and Kevlar fibers embedded in a matrix.
Material properties of fibers and matrices.
Micromechanics, anisotropic elasticity, tensor
notation, and Classical Laminated Plate
Theory. Also includes failure analysis, buck-
ling, sandwich construction, thermal and mois-
ture stresses, and interlaminar stresses.
Design concepts and cost-effective applica-
tions.
H. L. McManus

16.230 Plates and Shells
(Revised Content)

(16.21)
Prereq.: 16.222
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Coupling and duality in bending and stretching
of plates, transverse shear effects. Large
deflections stability and buckling. Elements of
tensor analysis. General formulation of elas-
ticity in curvilinear coordinates. Development
of shell equations in general form, and for
bending of thin and shallow shells.
N. W. Hagood

16.241 Advanced Structural Dynamics

(16.94)
Prereq.: 16.221
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Reviews transient response of linear systems.
Emphasizes nonlinear vibrations and transient
response of structures; elastic and inelastic
material behavior and large deflections. Modal
and direct numerical timewise integration tech-
niques. Transient strain and displacement
responses; permanent deformation. Impact
and propagation of both elastic and inelastic
stress waves in solids. Wave propagation and
scattering in structural networks and in peri-
odic structures. Mechanical filtering. Forced
and parametric excitation. Alternate years.
J. Dugundji

16.242 Advanced Aeroelasticity

(16.92)
Prereq.: 16.221, 16.100
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Presents field of aeroelasticity from unified
viewpoint, applicable to flight structures as well
as buildings, suspension bridges, and other
structures. Static aeroelastic and flutter in-
stabilities of simple and complex structures.
Similarity lows and wind-tunnel modeling.
Responses to gusts and random excitation.
Derivation of unsteady airloads. Simple non-
linear aeroelastic behavior. Alternate years.
J. Dugundji, E. F. Crawley

16.243 Dynamics of Controlled Structures

(16.93)
Prereq.: 16.221, 16.320J, 16.330J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Presents control-structural dynamic interaction
from a unified viewpoint, applicable to flexible
space structures, precision structures, and
aero-servo-elastic lifting surfaces. Damped
structures, modeling of dissipative and non-
linear effects. Mode shape-wave duality in
structures. Approximate and continuum model-
ing. Formulations of controllers for reduced-
order models. Control-structure interaction and
spillover. System identification. Deployment
and assembly dynamics. Alternate years.
E. F. Crawley
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16.251 Structural Design for Longevity

Prereq.: 16.20
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Longevity is the most difficult of all the struc-
tural integrity requirements for aerospace
vehicles. Examines the many aspects of lon-
gevity such as frequency of loads, fatigue of
materials, growth of cracks, safe-life
philosophy, fail-safe philosophy, damage
tolerance, stress concentrations, scatter fac-
tors, testing. Introduces linear elastic fracture
mechanics and its use. Emphasizes applica-
tion of theory to practice. A portion devoted to
study of case histories. Alternate years.
P. A. Lagace

16.26 Thermal Structures

Prereq.: 16.20
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduction to heat transfer. Temperature dis-
tributions and heat flows in structures. Ther-
moelasticity, thermal deformations and
stresses, induced failure and buckling.
Coupled thermostructural problems, tempera-
ture dependence of material properties,
degradation, ablation and charring. Examples
from high-speed aircraft structures, turbine
and rocket engines, and space structures. Al-
ternate years.
H. McManus

16.27 Finite-Element Method

Prereq.: 16.20
G (2)
3-0-9 H-LEVEL Grad Credit

Formulation of finite-element method, through
use of variational principles for structural
mechanics and continuum mechanics, as-
sumed displacement and assumed stress
models. Tools in numerical analyses, interpola-
tion, and integration. Problems treated include
plane stress and plane strain, plate bending
and three-dimensional solids. Emphasizes
practical ways of constructing and assembling
the element matrices and methods of solving
large systems of algebraic equations by
modern computers. Students required to carry
out actual solutions using the digital computer.
Staff

16.28 Adaptive Materials and Structures

Prereq.: 16.221, 16.060
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

In-depth treatment of materials and structures
capable of controllable response to their en-
vironment. Reviews elasticity, electro/magneto
statics. Characteristics and modelling of adap-
tive materials employing piezoelectric,
electrostrictive, and shape memory effects.
Linear electroelastic and nonlinear modelling
of adaptive structures incorporating such
materials. Distributed induced-strain actuation
of beams and plates. Energy methods for ap-
proximate analysis of more complex struc-
tures. Distributed structural strain sensing.
Sensor and actuator placement and structure
manufacture with embedded components. Dis-
tributed control topics including processing ar-
chitecture and adaptation.
N. W. Hagood

16.29 Advanced Topics in Filamentary
Composite Materials

(16.293)
Prereq.: 16.222
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Generalized study of the anisotropic properties
of composite laminates. Failure modes, frac-
ture theories/correlations, damage tolerance,
fatigue, interlaminar stresses, environmental ef-
fects. Reviews current problems in the applica-
tions of composite materials in the aerospace
and automotive industry. Guest lecturers share
their experiences. Alternate years.
P. A. Lagace, J. Dugundi, H. McManus

Instrumentation, Control, and
Estimation

16.300 Measurement, Estimation, and
Navigation
(New)

Prereq.: 16.060, 6.041
U (2)
3-0-9
Introduction to the estimation of variables from
noisy measurements. Linearization of non-
linear measurements. Treatment of navigation
as a problem in measurement. Application to
inertial and radio navigation systems. Con-
sideration of power requirements, bandwidth,
signal-to-noise ratio, and measurement techni-
ques. Comparative analysis of competitive
navigation systems.
R. J. Hansman

16.31 Feedback Control Systems
(New)

Prereq.: 16.060
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
Reviews and reinforces classical control
design fundamentals, and introduces more ad-
vanced compensation techniques. State space
representation of dynamic systems, control-
lability, observability, state space realizations
of transfer functions, and canonical forms.
Brief introductions to systems design using
state space methods and to nonlinear system
analysis and synthesis.
S. R. Hall

16.320J Multivariable Control Systems I

(16.341J)
(Same subject as 6.233J, 10.28J, 13.481J)
Prereq.: 10.550 or 2.14 or 6.302 or 16.060
G (1)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.233J.
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W. Vander Velde

16.322 Statistical Problems in Automatic
Control

(16.37)
Prereq.: 16.060
G (1)
3-0-9 H-LEVEL Grad Credit

Statistical problems of importance to control-
system engineers. Reviews probability theory,
with application to such problems as system
reliability and multidimensional random errors.
Measurement of the statistics of random vari-
ables and processes. Extensive treatment of
random processes in linear systems, using
both transfer function and state-space descrip-
tions. Design of optimum filters according to
Wiener and Kalman.
W. E. Vander Velde

16.323 Principles of Optimal Control

(16.312)
Prereq.: 18.085
G (2)
3-0-9 H-LEVEL Grad Credit

Studies the principles of deterministic optimal
control. Pontryagin's maximum principle. Ap-
plications of the theory, including optimal feed-
back control, time-optimal control, and others.
Dynamic programming, numerical techniques.
Optimal estimation and control in the presence
of uncertainties.
W. E. Vander Velde

16.330J Multivariable Control Systems 11
(1 6.342J)
(Same subject as 6.234J, 10.29J, 13.482J)
Prereq.: 16.320J
G (2)
4-0-8 H-LEVEL Grad Credit

See description under subject 6.234J.
M. Athans, Geo. Stephanopoulos,
M. S. Triantafyllou, W. Vander Velde
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16.332 Computer Control of Dynamic
Systems

(16.33)
Prereq.: 16.060
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Elements of linear discrete-time system theory:
state description, stability, z-transform
analysis, controllability, observability, canoni-
cal forms. Analyzes linear discrete-time control
systems: stability, root locus, frequency
response. Synthesis of state feedback com-
puter control systems: stability improvement,
deadbeat controllers, minimum quadratic cost
optimal regulators. Control of systems with in-
complete state measurements: observers,
properties of observer-regulator computer con-
trollers.
S. R. Hall

16.333 Advanced Flight Dynamics and
Control

(16.17)
Prereq.: 16.060
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Brief review of applied aerodynamics. Wing,
fuselage, and tail contributions. Power, com-
pressibility, and aeroelastic effects. Modern ap-
proach to aircraft stability and control. Motion
along steep trajectories, reentry dynamics, and
stability of a shuttle vehicle. Human pilot
models and autopilots. Variable flight condi-
tions. VTOL transition. Sensitivity to parameter
variations in variable systems. Motion at high
angle-of-attack, roll coupling, and other non-
linear flight regimes.
R. V. Ramnath

16.334 Advanced Control of Flight
Vehicles

(16.34)
Prereq.: 16.060
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Application of design techniques and principles
to advanced control systems for air and space
vehicles. Review of nondimensional equations
of motion. Classical and modern control tech-
niques applied to flight vehicle stabilization.
Time and frequency domain analysis of control
system performance. Models for pilot-in-the-
loop control. Prediction and validation of
vehicle handling qualities. Introduction to digi-
tal control techniques. Control system design
to meet mission requirements, including robust-
ness criteria. Adaptive control and display
design. Alternate years.
S. R. Hall

16.335 Spacecraft Dynamics and Control

(16.18)
Prereq.: 16.060
G (1)
3-0-9 H-LEVEL Grad Credit

Reviews rigid body kinematics and dynamics
for small and large rotations. Reviews attitude
sensors and actuators and the attitude
guidance and control problem. Open-loop
stability analyses are developed for a variety of
equilibrium conditions; spinners, dual spinners,
gravity gradient equilibria. Active control is ap-
plied to the same examples: bang-bang con-
trol for thrusters, linear control for pitch and
coupled roll/yaw motion, active nutation damp-
ing. Effects of fuel slosh and structural
flexibility covered briefly. Alternate years.
R. V. Ramnath

16.336 Nonlinear System Design
Methods

(16.372)
Prereq.: 16.060 or 2.14 or 6.302; 18.075
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Basic concepts are covered succinctly, without
rigorous proofs, which are covered at optional
recitation hours arranged separately. Main em-
phasis on nonlinear design techniques. These
include describing function methods, statistical
linearization, input-output linearization
methods, sliding mode control and nonlinear
loop operator recovery, stability based designs
(Lyapunov/hyperstability) and adaptive control,
perturbation methods, and multiple time scale
methods. Bifurcation and catastrophe theory
are also addressed.
R. Ramnath

16.337J Dynamics of Nonlinear Systems

(16.311J)
(Same subject as 6.243J, 2.156J)
Prereq.: 18.100, 18.06; 6.233J or 6.241
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.243J.
P. Ramnath, J. L. Wyatt, Jr., M. Dahleh,
N. Hogan

16.343 Spacecraft and Aircraft
Instrumentation

(16.852)
Prereq.: 16.040, 8.03
G (1)
3-0-9 H-LEVEL Grad Credit

Covers fundamental instrumentation principles
in the context of systems designed for space
or atmospheric flight. Systems discussed are
incoherent and doppler radars; space com-
munications; spacecraft attitude determination
by stellar, solar, and horizon sensing; remote
sensing by radiometry, spectrometry, and inter-
ferometry; air data systems; and radio naviga-
tion. Also, review of basic electromagnetic
theory and antenna design. Discussion of
design considerations for flight.
R. J. Hansman, S. Weiss

16.346 Astrodynamics I

(16.46)
Prereq.: 18.03
G (1)
3-1-8 H-LEVEL Grad Credit

Fundamentals of astrodynamics; the two-body
orbital initial-value and boundary-value
problems with applications to space vehicle
navigation and guidance for planetary explora-
tion. Topics: orbital mechanics, Kepler's prob-
lem, universal orbital variables, Lambert's
problem, recursive algorithms, Lagrange's ex-
pansion theorem, hypergeometric functions,
Bessel functions, continued fractions and
quaternions. Selected applications from the
Apollo and Space Shuttle programs.
R. H. Battin

16.347 Astrodynamics I
(16.47)
Prereq.: 16.346
G (2)
3-1-8 H-LEVEL Grad Credit

Fundamentals of space vehicle guidance with
applications for both powered flight and mid-
course maneuvers; fundamentals of space
vehicle navigation emphasizing self-contained
methods and statistical analysis. Topics:
precision orbit determination methods, varia-
tion of parameters, linearized and explicit tech-
niques for targeting, state-space methods,
maximum-likelihood estimates, numerical in-
tegration, elliptic integrals, Legendre functions,
hodograph analysis and application of op-
timization principles.
R. H. Battin

16.381 Lasers and Optics for
Applications I

Prereq.: 8.03
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

An introduction to fundamentals of modern op-
tics and lasers, intended for those interested in
laser applications. Presents a simplified ac-
count of lasers and their coherence properties:
optics of laser beams and the propagation of
light in vacuum, dielectrics, and fibers. Basics
of laser "gyroscopes," and the use of lasers
and fiberoptics in displacement, velocity,
temperature, pressure, and acoustic sensing.
S. Ezekiel
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16.382 Lasers and Optics for
Applications II
Prereq.: 16.381 or 6.631 or 8.243
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Continuation of 16.381, emphasizing a more
advanced treatment of lasers. Interaction of
radiation with atoms, stimulated and spon-
taneous emission, and line-broadening
mechanisms. Steady-state and transient be-
havior of lasers. Survey of gas, liquid, solid,
and semiconductor lasers. Nonlinear optics.
Modulation and deflection of light. Harmonic
generation and mixing. Laser spectroscopic
techniques, with emphasis on specie identifica-
tion and resolution.
S. Ezekiel

Humans and Automation

16.400 Human Factors Engineering
(New)

(Subject meets with 16.453J, 2.181J)
Prereq.: 16.060 or 2.14
U (1)
3-0-9
Accidents associated with "human error" often
reflect the failure to recognize human factors
in the design stage. Reviews sensory, motor,
and cognitive performance characteristics and
derives human engineering design criteria. Ap-
plications emphasize piloted aircraft and space
vehicles and treat the human/vehicle interface
from an engineering point of view. The
operator is considered as controller and
monitor of automation. Term project. Meets
with graduate subject 16.453J, but assign-
ments differ.
L. R. Young, G. Zacharias, T. B. Sheridan

16.401J Quantitative Physiology: Sensory
and Motor Systems

(16.351J)
(Same subject as 6.023J, 2.793J, HST 543J)
Prereq.: 2.02 or 6.003 or 16.060
U (2)
3-2-7

See description under subject 6.023J.
L. S. Frishkopf, C. Wall ///, N. Hogan

16.410 Optimization and Decision Analysis
(New)

Prereq.: 16.060, 6.041
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9

Survey of fundamental methodologies in
automated decision-making and decision sup-
port systems. Classical approaches to op-
timization; linear programming; network
optimization; discrete optimization and integer
programming; dynamic programming. Introduc-
tion to single-attribute and multi-attribute
decision analysis. Emphasis on modeling and
applications.
A. Odoni

16.421 Automatic Decision Systems
(Revised Content)

(16.42)
Prereq.: 16.410
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Solutions to optimization problems for large-
scale (complex), real-time systems. Ap-
proaches to large-scale problem
decomposition. Development of optimal solu-
tions as well as consideration of heuristic solu-
tions for those problems not well-suited to
formal mathematical developments. Case
studies include air-traffic flow control and real-
time planning for autonomous air vehicles.
M. Adams

16.422J Human Supervisory Control of
Telerobots and Flight Vehicles
(New)

(Same subject as 2.182J)
Prereq.: Permission of instructor
G (2)
3-1-8 H-LEVEL Grad Credit

Principles of supervisory control and
telerobotics. Different levels of automation are
discussed, as well as the allocation of roles
and authority between humans and machines.
Human-vehicle interface design in highly
automated systems. Decision aiding.
Tradeoffs between human control and human
monitoring. Automated alerting systems and
human intervention in automatic operation. En-
hanced human interface technologies such as
virtual presence. Performance, optimization,
and social implications of the human-automat-
ion system. Examples from aerospace,
ground, and undersea vehicles, robotics, and
industrial systems.
T. B. Sheridan, R. J. Hansman

16.423 Aerospace Physiology and Life
Support
(New)

Prereq.: 16.400
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Fundamentals of human physiology and
psychology impacting engineering design and
performance of aerospace systems. Topics in-
clude: metabolism, work capacity, and heat
balance; hyperbaric physiology and environ-
mental control systems. Design of open and
closed chemical and bioregenerative life sup-
port systems for aerospace vehicles and EVA.
Waste management. Toxicity of ozone, propel-
lants, and spacecraft chemical and biological
contaminants. Ionizing radiation effects. Ef-
fects of high and low G on cardiovascular, mus-
culoskeletal, vestibular, and immune systems.
Impact, vibration, and noise. Circadian physiol-
ogy and work/rest cycles. Isolation. Vigilance.
Term paper and quantitative homework sets
emphasizing engineering and system aspects.
D. Newman, C. M. Oman

16.431 Flight Simulation

(16.36)
Prereq.: 18.03, 16.060 or 2.14
G (2)
3-6-3 H-LEVEL Grad Credit

Simulation of aircraft for research and pilot
training. Conversion of aircraft equations of
motion and data package into a digital com-
puter model. Simplified transfer functions. Prin-
ciples of vision relevant to out-the-window
displays. Implementation of CRT, model
board, and point light source displays. Cockpit
motion requirements, motion washout, artificial
control, and feel and high-g cuing devices.
G. L. Zacharias, W. M. Hollister

16.453J Human Factors Engineering
(Revised Units)

(1 6.353J)
(Same subject as 2.181J, 16.400)
Prereq.: 16.060 or 2.14
G (2)
3-1-8 H-LEVEL Grad Credit

Accidents associated with "human error" often
reflect the failure to recognize human factors
in the design stage. Reviews sensory, motor,
and cognitive performance characteristics and
derives human engineering design criteria. Ap-
plications emphasize piloted aircraft and space
vehicles and treat the human/vehicle interface
from an engineering point of view. The
operator is considered as controller and
monitor of automation. Term project. Open to
seniors. Meets with undergraduate subject
16.400, but assignments differ.
L. R. Young, G. Zacharias, T. B. Sheridan
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16.454J Fundamentals of Space Life
Sciences

(1 6.354J)
(Same subject as HST 550J)
Prereq.: HST 542J or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

This subject touches on all aspects related to
problems encountered by humans in the
space environment, including the effects on
various physiological systems and perfor-
mance, life support systems, and EVA. Some
familiarity with human physiology required.
C. M. Oman, S. Churchill

16.456J Biomedical Signal and Image
Processing

(1 6.356J)
(Same subject as HST 582J, 6.555J)
Prereq.: 6.003 or 2.02 or 18.085
G (2)
3-6-3 H-LEVEL Grad Credit

See description under subject HST 582J.
W. M. Siebert, B. Delgutte

16.458J Biomedical Instrumentation
Electronics

(1 6.608J)
(Same subject as HST 570J, 2.781J)
Prereq.: Permission of instructor
G (S)
6-6-6

See description under subject HST 570J.
D. Rowell, S. K. Burns

16.459 Bioengineering Journal Article
Seminar

(16.359)
Prereq.: -
G (1, 2)
0-2-0
Can be repeated for credit

Each term, the class selects a new set of
professional journal articles on bioengineering
topics of current research interest. Some
papers are chosen because of particular con-
tent, others are selected because they illus-
trate important points of methodology. Each
week, one student leads the discussion,
evaluating the strengths, weaknesses, and im-
portance of each paper. Subject may be
repeated for credit a maximum of four terms.
Letter grade given in the last term applies to all
accumulated units of 16.459.
L. R. Young, C. M. Oman

Propulsion and Energy
Conversion

16.50 Introduction to Propulsion Systems
(New)

Prereq.: 16.050
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
Presents a variety of propulsive devices as sys-
tems, with functional requirements and en-
gineering and environmental limitations.
Simple theory used to show how these require-
ments and limitations constrain design
choices. Both air-breathing and rocket engines
covered, at a level which enables rational in-
tegration of the propulsive system into an over-
all vehicle design. Mission analysis,
fundamental performance relations, and
design solutions presented.
J. L. Kerrebrock

16.511 Aircraft Engines and Gas Turbines

(16.54)
Prereq.: 16.50
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-1-8

Performance and characteristics of aircraft en-
gines and industrial gas turbines, as deter-
mined by thermodynamic and fluid mechanic
behavior of components: inlets, compressors,
combustors, turbines, nozzles. Discusses
various engine types, including turbojet, tur-
bofan, and turboprop. Limitations imposed by
material properties and stresses. Emphasizes
future design trends, including reduction noise,
pollutant formation, fuel consumption, and
weight.
A. Epstein

16.512 Rocket Propulsion

(16.53)
Prereq.: 16.50
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-1-8

Velocity requirements for orbital and inter-
planetary flight. Available velocity increments
and staging. Treats rocket systems involving
liquid, solid, and hybrid propellants, with refer-
ence to nozzle flows, thermochemistry, real
gas effects, losses and heat transfer, structural
constraints, propellant feed, and combustion.
Simple vehicle optimization. Design project.
J. L. Kerrebrock

16.521 Aircraft Turbine Engines

(16.541)
Prereq.: 16.511
G (1)
3-0-9 H-LEVEL Grad Credit

Fluid mechanics, thermodynamics, and solid
mechanics of aircraft turbine engines. Steady
two-dimensional and three-dimensional flow
theories of compressors and turbines. Un-
steady flow and noise production in tur-
bomachinery and in complete engines.
Operational limitations and instabilities. Stress
and associated temperature limits and in-
fluence of blade cooling techniques on tur-
bines.
A. H. Epstein

16.522 Advanced Space Propulsion

(16.532)
Prereq.: 16.512, 8.03
G (2)
3-0-9 H-LEVEL Grad Credit

Reviews rocket propulsion fundamentals. Dis-
cusses advanced concepts in rocket propul-
sion ranging from chemical engines to
electrical engines. Topics include advanced
mission analysis, physics and engineering of
microthrusters, liquid propellant pressurization
schemes, hybrid and solid propellant rockets,
electrothermal, electrostatic, and electro-mag-
netic schemes for accelerating propellant.
M. Martinez-Sanchez

16.523 Environmental Aerospace
Engineering

(16.542)
Prereq.: 16.511 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Students learn to apply their disciplinary
strengths to understand, evaluate, and
develop design procedures to reduce the en-
vironmental impact of current and future
aerospace systems. Focus on aircraft emis-
sions and noise. Principles of reacting flows,
combustor design, fundamentals of acoustics,
and aircraft and engine noise sources are
presented within a broad contextual backdrop
that includes discussions of ethics, human and
global effects, the regulatory process,
economics, urban planning, and environmental
policy.
/. A. Waitz
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16.530J Space Power Generation

(16.531J)
(Same subject as 22.34J)
Prereq.: 16.512, 8.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Covers space energy sources; general system
considerations; power systems including solar
power; batteries; nuclear reactor criticality,
shielding and fluid mechanics; nuclear rockets;
thermionic and thermoelectric power genera-
tion; Brayton, Rankine, and Stirling cycle
power systems; the role of space power in the
US space program.
J. L. Kerrebrock, M. Martinez-Sanchez,
D. E. Hastings, D. Lanning, J. Meyer

16.540 Internal Flows in Turbomachines

(16.543)
Prereq.: 16.121 or 16.122 or 2.25
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

General features of internal flows with applica-
tion to compressors and turbines. Fundamen-
tal concepts of rotational flows, inherent
unsteadiness of turbomachines, boundary
layers, wakes, and losses in turbomachines.
Axisymmetric swirling flows, blade element
theory, streamline curvature computations,
rotating flows. Effects of viscosity and compres-
sibility in internal flows. Secondary flows. Flow
instabilities in turbomachines. Recent develop-
ments and experimental information. Alternate
years.
E. M. Greitzer

16.55 Ionized Gases
Prereq.: 8.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Properties and behavior of low-temperature
plasmas for magnetohydrodynamics, therm-
ionic energy conversion, plasma propulsion,
gas lasers. Equilibrium of ionized gases: ener-
gy states, statistical mechanics, and equi-
librium. Kinetic theory: motion of charged
particles, distribution function, collisions, char-
acteristic lengths and times, cross-sections,
transport properties. Gas surface interactions:
thermionic emission, sheaths, probe theory.
Radiation in plasmas, diagnostics. Alternate
years.
M. Martinez-Sanchez

16.560 Hypersonic Airbreathing Propulsion
(Revised Content)

(16.544)
Prereq.: 16.511 or 16.512
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Fundamentals of high-speed air-breathing en-
gines. Review of the essential fluid mechanics;
then consideration of the simple cycle and one-
dimensional analysis of Ramjets with subsonic
or supersonic combustors. Chemical kinetics,
jet mixing, and effects of heat addition to a
high-speed flow are then considered. Other
topics include viscous effects, boundary layer
separation, and cooling effects and require-
ments. Finally, integration with the airframe,
trajectory constraint, and mission analysis are
included.
M. Martinez-Sanchez

16.57 Active Control of Fluid System

Prereq.: 16.121 or 16.320 or permission of in-
structor
G (2)
3-0-9 H-LEVEL Grad Credit

A multidisciplinary subject treating new con-
cepts for dynamic control of fluid flows and sys-
tems typical of modern industrial practice.
Review of feedback control and signal
analysis. Elements of unsteady fluid dynamics
and system modelling. Applications from a
number of fields including "anti-sound," active
control of aeroengine system instabilities, sup-
pression of instabilities in simple combustion
systems, control and modification of multi-
dimensional fluid flows, and active control of
rotating stall in turbomachinery.
A. H. Epstein, J. D. Paduano, E. M. Greitzer

Other Undergraduate Subjects

16 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [PID/F]
Can be repeated for credit

16 URG Undergraduate Research
(New)

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Undergraduate research opportunities in
aeronautics and astronautics. For further infor-
mation, contact W. R. Markey, Departmental
Coordinator.

16.610 Engineering Design Workshop

(16.86)
Prereq.: -
U (IAP)
2-4-0 [P/D/F]
Gives students (mostly freshmen) a first look
at the design process. Students in teams
design and make prototypes of useful devices
(e.g., fire alarm, wheelchair lift, solar heat unit).
L. Trilling

16.620 Experimental Projects I
(New)

Prereq.: 16.040
U (1, 2)
1-1-1
Introduces laboratory experimental tech-
niques. Principles of reliable measurements.
Laboratory safety. Instruction in effective
report writing and oral presentation. Selection
and detailed planning of an individual research
project, including design of components or
equipment. Preparation of a detailed proposal
for the selected project carried through to com-
pletion under 16.622.
/. A. Waitz, H. Y. Wachman

16.621 Experimental Projects I
(Revised Content and Units)

Prereq.: 6.041, 16.050, 16.060
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1, 2)
2-1-3

Introduces laboratory experimental tech-
niques. Principles of experimental design and
reliable measurement. Laboratory safety. In-
struction in effective report writing and oral
presentation. Selection and detailed planning
of an individual research project, including
design of components or equipment. Prepara-
tion of a detailed proposal for the selected
project carried through to completion under
16.622.
/. A. Waitz, H. Y. Wachman

16.622 Experimental Projects I
Prereq.: 16.620 or 16.621
U (1, 2)
1-7-4 Institute LAB

Helps student gain practical insight and im-
proved understanding of engineering ex-
perimentation through design and execution of
"project" experiments. Building upon work in
16.620 or 16.621, student constructs and tests
equipment, makes systematic experimental
measurements of phenomena, analyzes data,
compares theoretical predictions with results.
Written final report on entire project and formal
oral presentation. Provides valuable link be-
tween theory and practice.
/. A. Waitz, H. Y. Wachman
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16.64 Flight Measurement Laboratory

Prereq.: 16.020
U (2)
2-2-2

Opportunity to see aeronautical theory applied
in real-world environment of flight. Students as-
sist in design and execution of simple engineer-
ing flight experiments in light aircraft. Typical
investigations include determination of stability
derivatives, verification of performance
specifications, and measurement of navigation
system characteristics. Limited to students in
Aeronautics and Astronautics.
Information: R. J. Hansman.

16.651 Computer Models of Physical and
Engineering Systems

(16.008)
Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. R. Williams

16.652 Inventions and Patents

(16.673)
Prereq.: 14.02
U (1)
3-0-6
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. H. Rines

16.653 Management in Engineering

(16.993)
Prereq.: -
U (1)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult, H. S. Marcus

16.654 The Nuclear Age

(16.994)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. P. Ruina, G. W. Rathjens

16.655J Real-World Ethics

(1 6.996J)
(Same subject as 2.95J, STS 061J, TPP 09J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
5-0-7 HASS

See description under subject 2.95J.
C. Whitbeck, N. Kiang, L. Trilling, 1. Paul

16.66 Industrial Practice

(16.80)
Prereq.: -
U (1, 2)
0-8-0 [P/D/F]

Seven months of engineering practice, carried
out by the cooperative students at the plants of
organizations participating in the cooperative
program.
W. R. Markey

16.67 Engineering Internship

(16.801)
Prereq.: -
U (S)
0-6-0 [P/D/F]
Can be repeated for credit

A summer of work experience as part of the
Engineering Internship Program. Students
register for this subject twice, receiving the
grade "J" for the first registration. Two work as-
signments must be completed in order for
credit to be awarded. Limited to students
registered in Course XVI-C.
W. E. Vander Velde

16.681 Special Projects

(16.605)
Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Study or laboratory project work of under-
graduate level by qualified students. Topics
selected in consultation with the instructor.
W. R. Markey

16.682 Selected Topics in Aeronautics and
Astronautics

(16.606)
Prereq.:
U (1, 2)
Units arranged
Can be repeated for credit

Study at the undergraduate level by qualified
students. Topics selected in consultation with
the instructor.
W. R. Markey

16.683 Aeronautics and Astronautics
Seminars

(16.99 1)
Prereq.: -
U (1, 2)
2-0-0 [P/D/F]
Can be repeated for credit

Speakers from campus and industry discuss
current activities and advances in aeronautics
and astronautics. Restricted to Course XVI stu-
dents.
W. R. Markey

Aeronautical and Astronautical
Systems

16.70J Aerospace Economics

(1 6.745J)
(Same subject as 14.25J)
Prereq.: 14.01
U (1)
3-0-9 HASS

Applies basic microeconomic theory to
aerospace industries and markets, including
aircraft manufacturing, air transportation sys-
tems, and commercial space ventures.
Focuses on industry structure and firm be-
havior, measures of concentration, regulation,
and government subsidy issues, as well as
cost/benefit analysis. Specific topics include
competition among aircraft manufacturers, im-
pacts of airline deregulation, and evaluation of
large-scale space projects.
P. P. Belobaba

16.71 Probabilistic Models in Engineering

(16.793)
Prereq.: 1.03 or 6.041 or 18.05
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. R. Odoni, R. C. Larson

16.72 Air Traffic Control

Prereq.: 6.071 or 16.400
G (1)
3-0-6 H-LEVEL Grad Credit

Introduces the various aspects of present and
future Air Traffic Control systems. Descriptions
of the present system: systems-analysis ap-
proach to problems of capacity and safety; sur-
veillance, including NAS and ARTS; navigation
subsystem technology; aircraft guidance and
control; communications; collision avoidance
systems; sequencing and spacing in terminal
areas; future directions and development; criti-
cal discussion of past proposals and of prob-
able future problem areas. Requires term
paper.
R. W. Simpson

16.73J Seminar in Air Transportation
Analysis and Planning

(1 6.704J)
(Same subject as 1.233J)
Prereq.: -
G (1)
1-0-5
A review of current issues facing the airline in-
dustry in operational, economic, financial,
regulatory, and institutional areas. Seminars
are presented on alternate weeks by leading
speakers from airlines, aircraft manufacturers,
major airports, regulatory agencies, and nation-
al and international aviation organizations
Preparatory lectures precede each seminar.
Opportunity for students to conduct studies on
particular topics, with readings guided by staff.
Term paper required.
R. W. Simpson, A. R. Odoni
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16.74 Air Transportation Economics

Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

Introduces fundamental concepts for the
economic analysis of airline systems. Con-
trasts basic models of the operation of air
transport markets with neoclassical
microeconomic models. Defines market sys-
tems for air transport service, and develops a
theory for pricing, demand, costs, and supply
for regulated and unregulated, domestic and in-
ternational markets. Presents market models
for equilibria in isolated markets and over a net-
work of markets.
P. P. Belobaba

16.75 Airline Management

Prereq.: 16.74
G (2)
3-0-6 H-LEVEL Grad Credit

Overview of airline management problems
focusing on current issues. Development of
planning models and data analysis tools, with
emphasis on the interactions between diverse
components of airline operations, including
fleet planning, demand forecasting, overbook-
ing, yield management, scheduling, and route
network design. Students participate in a com-
petitive airline management simulation game
as part of the subject requirements.
P. P. Belobaba

16.76J Logistical and Transportation
Planning Methods

(Same subject as 1.203J, 6.281J, 11.526J,
13.665J, 15.073J)
Prereq.: 6.431, 15.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.203J.
A. R. Odoni, A. /. Bamett, R. C. Larson

16.77 Flight Transportation Operations
Analysis

Prereq.: 15.081
G (2)
3-0-6 H-LEVEL Grad Credit

Studies application of linear programming and
network flow theory to operational problems in
flight transportation systems. Reviews graph
theory. Network flow theory. Integer program-
ming and branch and bound methods.
Dynamic programming. Reviews implementa-
tion of computerized mathematical program-
ming systems. Applies the theory to
scheduling, aircraft and crew routing, timetable
optimization, passenger traffic flow, flight plan-
ning, etc. Students use computer to solve
large-scale problems and for term project.
R. W. Simpson

16.781J Planning and Design of Airport
Systems

(Same subject as 1.231J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

See description under subject 1.231 J.
A. R. Odoni, R. de Neufville

16.784 Engineering Systems Analysis

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. de Neufville, J. P. Clark, F. Field

16.794 Engineering Risk-Benefit
Analysis

Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. R. Odoni, A. W. Drake

16.82 Flight Vehicle Engineering

(16.84)
Prereq.: Permission of department
U (1)
2-3-7

Design of an atmospheric flight vehicle to satis-
fy stated performance, stability, and control re-
quirements. Emphasizes individual initiative,
application of fundamental principles, and the
compromises inherent in the engineering
design process. Enrollment restricted to
seniors in Course XVI who have satisfactorily
completed all other Departmental require-
ments for the S.B. degree, or by permission of
instructor.
M. Drela, R. J. Hansman

16.83 Space Systems Engineering

(16.85)
Prereq.: Permission of department
U (2)
4-1-7

Design of a complete space system, including
systems analysis, trajectory analysis, entry
dynamics, propulsion and power systems,
structural design, avionics, thermal and en-
vironmental control, human factors, support
systems, weight and cost estimates. Students
participate in teams, each responsible for an in-
tegrated vehicle design, providing experience
in project organization and interaction between
disciplines. Enrollment is restricted to seniors
in Course XVI who have satisfactorily com-
pleted all other Departmental requirements for
the S.B. degree, or by permission of instructor.
S. Weiss, N. W. Hagood, P. Belobaba

16.851 Satellite Engineering

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Fundamentals of satellite engineering design.
Studies orbital environment. Analyzes
problems of station keeping, attitude control,
communications, power generation, structural
design, thermal balance, and subsystem in-
tegration. Considers trade-offs among weight,
efficiency, cost, and reliability. Discusses
choice of design parameters, such as size,
weight, power levels, temperature limits, fre-
quency, bandwidth. Examples taken from cur-
rent satellite systems.
W. M. Hollister

16.89 Space Systems Engineering
(Revised Units)

Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

Subject defines what a systems engineer
does, and reviews the unifying concepts which
are applicable across many disciplines. Ex-
amples drawn from major national programs
such as the development of ballistic missiles,
Apollo, the Shuttle, Space Station Freedom,
and Patriot. Principles of good practice are
developed and applied to current national
space programs, including the National
Aerospace Plane, the Space Exploration Initia-
tive, and the Mission to Planet Earth. Class
specifies and designs a hypothetical satellite.
J. F. Shea

Other Graduate Subjects

16 ThG Graduate Thesis

Prereq.:
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research, leading to an
S.M., E.A.A., Ph.D., or Sc.D. thesis; to be ar-
ranged by the student with an appropriate MIT
faculty member, who is then thesis supervisor.
H. Y. Wachman



Department of Aeronautics and Astronautics (Course 16) 167D

16.90 Introduction to Computational
Mechanics
(New)

Prereq.: 18.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-0-9 H-LEVEL Grad Credit

An introductory subject in computational
mechanics serving as a prerequisite for ad-
vanced computational fluids, structures, and
propulsion subjects. Includes discretization
methods (finite difference and finite element),
solution methods for elliptic equations (direct
and iterative) and initial value problems (ex-
plicit and implicit). Concepts of accuracy, con-
sistency, stability, convergence, dissipation,
and dispersion introduced. Examples selected
from simple fluids, structures, heat, and mass
transfer model problems (one- and two-dimen-
sional). Emphasis is on mathematical numeri-
cal analysis. Computer assignments requiring
programming.
J. Peraire

16.951 Entrepreneurship

(16.672)
Prereq.: -
G (2)
4-0-5

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult

16.952 Management Topics in Engineering

(16.821)
Prereq.: -
G (1)
2-0-4

Directed toward the student whose objective is
a career in engineering leading to manage-
ment. Provides opportunities to examine topics
relating to the conduct of engineering activities
within a total management environment. Inter-
faces between engineering and other com-
pany functions, such as marketing, finance,
manufacturing, quality, explored with em-
phasis on the management process. Special
attention given to the role of technical staff in
the acquisition of new business and long-
range planning. Seminar format based on cur-
rent industrial practice.
J. Yamron

16.954J Ethics in Industry and Research

(1 6.997J)
(Same subject as 2.953J, TPP 41J)
Prereq.: -
G (2)
5-0-7

See description under subject 2.953J.
C. Whitbeck, N. Kiang, T. Sheridan, L. Trilling

16.97 Advanced Engineering Internship

(16.802)
Prereq.: 16.67
G (1, 2, S)
0-6-0 [P/D/F]
Can be repeated for credit

A consecutive seven-month period of work ex-
perience as part of the Engineering Internship
Program. Students register for this subject in
two terms, receiving the grade "J" for the first
registration. Limited to students registered in
Course XVI-C who have been admitted to the
Graduate School.
W. E. Vander Velde

16.981 Advanced Special Project

(16.60)
Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Study, original investigation, or lab project
work of graduate level by qualified students.
Topics selected in consultation with instructor.
H. Y. Wachman

16.982 Advanced Special Subject

(16.601)
Prereq.: -
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

16.983 Advanced Special Subject

(16.602)
Prereq.: -
G (1, IAP, 2)
Units arranged
Can be repeated for credit

Organized lecture or laboratory subject, con-
sisting of graduate-level material not available
in regularly scheduled subjects.
H. Y. Wachman

16.984 Seminar

(16.992)
Prereq.: -
G (1, 2)
2-0-0 [P/D/F]
Can be repeated for credit

Discussion of current interest topics by staff
and guest speakers. Restricted to Course XVI
students.
W. R. Markey

16.985J Proseminar in Manufacturing

(1 6.23J)
(Same subject as 15.792J, 2.890J, 3.80J,
10.792J)
Prereq.: -
G (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

See description under subject 15.792J.
D. B. Rosenfield
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Course 17 Political Science

For degree requirements, see listing in
Chapter VII under the School of
Humanities and Social Science.

Political Philosophy/
Social Theory

17.105J Political Philosophy

(Same subject as 24.233J)
Prereq.: One Philosophy subject
U (1)
3-0-9 HASS

17.106J Political Philosophy
(Same subject as 24.611J)
Prereq.: One subject in Modern Political
Philosophy
G (1)
3-0-9 H-LEVEL Grad Credit

An examination of ideas of equality in contem-
porary political philosophy. Readings from
Rawls, Dworkin, Sen, Parfit, and Walzer.
Graduate students are expected to pursue the
subject in greater depth through reading and
individual research.
J. Cohen

17.107 Introduction to Political Theory:
Individual and Community

Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS

Basic introduction to the study of politics, focus-
ing on selected works in classical, medieval,
and early modern political thought. The claims
to freedom of the individual as they encounter
demands of the community for order, justice,
and obedience. Extent to which political
society is justified in shaping the lives and con-
sciousness of its members. Foundations of
political authority. Readings include Plato, Aris-
totle, Locke, and Hobbes.
U. Mehta

17.109J Philosophy of Law

(Same subject as 24.235J)
Prereq.: One Philosophy subject
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

See description under subject 24.235J.
J. Cohen

17.110 New Currents in Social Theory

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

The course begins by discussing some classi-
cal debates in social theory, e.g., the sources
of instability in slave systems and the notion of
a determinate logic of social progress. The
second part reconsiders these debates in light
of contemporary social scientific and historical
research. The third part uses the results of the
first two segments to address several contem-
porary debates in social theory, e.g., the role
of moral sentiments in explaining political ac-
tion and the plausibility of evolutionary explana-
tions of social change.
C. F. Sabel

17.111 Modern Social Theory

(Subject meets with 17.112)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

17.112 Modern Social Theory

(Subject meets with 17.111)
Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

This seminar studies selected writings of
Tocqueville, Marx, Weber, and Durkheim. It
focuses on three broad issues: (1) In trying to
understand social/political change, what are
the significant social nexuses for these
theorists; (2) the explanatory accounts that
these theorists give of "major' historical
changes (e.g., feudalism to capitalism, aris-
tocracy to democracy, "traditional" to "rational"
societies); (3) the theoretical and explanatory
significance of non-Western societies and
"marginal" groups in the work of these
theorists. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research.
U. Mehta

17.113J Classics in Political Philosophy

(Sare subject as 24.09J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 2

See description under subject 24.09J.
U. Mehta

17.115J Justice

(Same subject as 24.04J)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 2

See description under subject 24.04J.
D. Brink, J. Cohen

17.118J Gender, Theory, and Politics

(Same subject as SP 412J)
Prereq.: -
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject SP 412J.
E. Wood

17.120 American Political Thought
(New)

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Considers three broad themes: American na-
tion building, American Constitutionalism, and
the political standing of minorities, especially
African-Americans, with respect to these two
themes. Readings drawn from the early
Puritans, the Constitutional Convention,
Reconstruction, the works of various African-
American thinkers, and some important
Supreme Court cases.
U. Mehta

Political Economy

17.154 Politics of Industrialization

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Focuses on the way the pace and direction of
economic development depend upon the out-
comes of historical struggles for justice and the
control of resources: politics in the broadest
sense. Shows how both the industrial structure
of mass-production capitalism and the defini-
tion of the interests of groups that occupy
places in that structure cannot be understood
without reference to these struggles.
C. F. Sabel
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17.156J Political Economy 1: Theories of
the State and the Economy

(Same subject as 14.781J, 15.678J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Critical analysis of liberal, neoclassical, and
Marxist perspectives on modern society. Alter-
native theories of economic growth, historical
change, the state, classes, and ideology.
S. Berger, M. J. Piore

17.158 Political Economy of West
Europe

Prereq.: 17.534 or 17.156J
G (2)
3-0-6 H-LEVEL Grad Credit

Examines role of European states in postwar
period of rapid economic growth and current
crisis. Includes analysis of different state tradi-
tions ("etatist," liberal, authoritarian); govern-
ment's role in decline of some economies and
rise of others; why and where Keynesianism,
indicative planning, and state enterprises were
introduced; alternative conceptions of contem-
porary economic problems (new international
division of labor? too few producers? oil
shock?); and of policies to deal with them (in-
dustrial policy? monetarism? protectionism?).
S. Berger

17.162 States in History and Theory

Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit

Aims to familiarize students with the archetypal
forms of the modern state and with debates
regarding its true nature. Also intended to
allow American students of social science to
understand foreign students' often unspoken
presuppositions about politics, and vice versa.
Explores the link between the study of policy
as defined in American social science and the
study of political economy as defined else-
where. Examines politically pressing problems
regarding the reorganization of the welfare
state in the OECD countries.
C. F. Sabel

17.166J Problems of Advanced Industrial
Societies

(Same subject as 15.233J)
Prereq.: 17.156J or permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Analyzes selected comparative political
economy issues. Includes industrial relations
systems, international competitiveness, train-
ing and skills, structural change, and new tech-
nologies. Focus on industrial adjustment in
light of changing patterns of international com-
petition. Open to qualified undergraduates by
permission of instructor. Alternate years.
R. M. Locke

17.167 Political Economy of Asia

Prereq.: -
U (2)
3-0-9 HASS

17.168 Political Economy of Asia

Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit

Comparative analyses of economic and politi-
cal developments of India, China, Japan, and
Korea-Taiwan-Singapore. Focuses on the
politics of economic planning, relationships be-
tween policy and performance, political and so-
cial consequences of different developmental
approaches, and Asian economics in global
perspective. Graduate students are expected
to pursue the subject in greater depth through
reading and individual research.
Z. Cui

17.170 The International Politics of
Migration and Refugee Movements

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Explores the political causes and conse-
quences of population movements across inter-
national boundaries and within states. Detailed
examination of the following: political effects of
urban migration, political behavior of political
refugees, consequences of internal population
movements in multiethnic societies, economic
and political impact of migrants on the receiv-
ing country, effects of migration on the country
of origin. Draws case materials from contem-
porary Asia, Africa, and Latin America.
M. Weiner

17.172J Technology, Productivity, and
Industrial Competition

(Same subject as 22.843J, 15.972J)
Prereq.: Permission of instructor
G (2)
3-0-9
See description under subject 22.843J.
R. K. Lester

17.174J The State and the Economy
in Europe, 1929-1951

(Same subject as 21 H 961J)
Prereq.: -
G (1)
3-0-9
Explores in international and comparative
perspective the development of state interven-
tion in the economy across three
watersheds - responses to the Great Depres-
sion, rearmament and war mobilization, and
post-war reconstruction - with a view to ex-
plaining the origins of the "long prosperity" of
the 1950s and 1960s, and differences in na-
tional patterns and growth rates. Themes in-
clude monetary and financial policy, economic
planning, wartime controls, nationalizations,
and business-labor-state relations.
D. Forsyth

17.178J Comparative Organizations
(New)

(Same subject as 15.234J)
Prereq.: 15.221 or permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Provides an understanding of comparative,
cross-national patterns of organization, and of
how they relate to national economic, political,
cultural, and institutional characteristics.
Covers the development of the major
paradigms of organization, authority systems,
small-group activities, corporate cultures, politi-
cal activity of large corporations, flexible or-
ganizations, informal-economy activities, and
top management compensation systems in
North America, Europe, and East Asia.
M. F. Gui/len

See also 17.422.

American Politics/
Public Policy

Public Policy

17.201J Controversies in Public Policy

(Same subject as 11.007J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Introduction to political aspects of public policy.
Considers philosophical rationales for govern-
ment action and the evolution of public policy
in America; the policy-making process; basic
strategies of public policy, including markets,
government regulation, mass persuasion; and
ways of analyzing the impacts of public
policies - social indicators, cost/benefit
analysis, evaluation of distributive equity, and
unintended consequences.
E. M. Immergut

17.202 Theories of Public Policy
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Analyzes the effects of political structures on
public policies from conceptualization to enact-
ment and implementation. Topics include nor-
mative theories of state intervention;
interest-group/government relations; the ef-
fects of scale and arenas; bureaucracy and
complex organizations; comparative public
policy. Students apply theoretical issues to a
policy topic of their choice.
E. M. Immergut
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17.203 Political Science Laboratory

Prereq.: _
U (1)
3-5-4 Institute LAB

Introduces students to the conduct of political
research using quantitative methodologies.
The methods are examined in the context of
specific political research activities like public
opinion surveys, voting behavior, Congres-
sional behavior, comparisons of political
processes in different countries, and the
evaluation of public policies. Students par-
ticipate in joint class projects and conduct in-
dividual projects. May not count toward HASS
Requirement.
P. H. Lemieux

17.205 Health Policy
(New)

Prereq.: 17.241, 17.201 or permission of in-
structor
U (2)
3-0-9 HASS

Analyzes the health policy problems facing
America including adequate access to care,
the control of health care costs, and the en-
couragement of medical advances. Considers
market and regulatory alternatives as well as
possible foreign models including Canadian,
Swedish, and German arrangements. Em-
phasis on historical development, interest
group behavior, and organizational influences
in setting and implementing policy.
E. M. Immergut, H. M. Sapolsky

17.206 The Welfare State in Comparative,
Historical Perspective

Prereq.: 17.156J or permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduces recent debates on the welfare
state, both as they concern specific social
policies and as they treat the welfare state qua
state. Ranging from convergence theory to the
new institutionalism, these approaches are as-
sessed in the light of a series of case studies
that include workmen's compensation, full
employment, and health policy. Issues ad-
dressed: How can one define "the welfare
state"? What are the dimensions of com-
parison across nations (mainly Western
Europe and North America)? What makes the
US case exceptional? As a political entity, how
is the welfare state unique?
E. M. Immergut

17.209 Race and the American Legal
System

Prereq.: Previous law-related subject or per-
mission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Considers the treatment of race from slavery
to the present, relying on legal materials such
as case law, legislation, and legislative history.
Explores how the legal system has accom-
modated racial difference and racism, and ex-
amines remedies such as affirmative action.
M. Bumham

17.220J The Policy-Making Process

(Same subject as TPP 22J)
Prereq.* Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Analyzes the political process by which issues
arise, and the public policies that are formu-
lated, contested, determined, implemented,
and evaluated. Treats the role of mass activity
(including protest politics), professional exper-
tise, elites, the media, and public officials in
the stages of the policy process. Weighs the
relationship between popular and program-
matic responsiveness and distributive conse-
quences of policy.
Staff

American Politics

17.241 Introduction to the American
Political Process

Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

Studies functioning of the American national
governmental system. Topics include: divided
government, public opinion, electoral and
group politics, political control of the
bureaucracy and political steering of the
economy, and the lessons of the political
debate at the Founding.
D. T. Kryder

17.245 The Supreme Court and
Constitutional Law

Prereq.: -
U (1)
3-0-9 HASS

An interpretation of constitutional rights,
processes, and concepts of limited govern-
ment, in light of Supreme Court decisions and
executive and legislative initiatives.
M. A. Burnham

17.247J Women and Children in the Legal
Process

(Same subject as SP 496J)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS
17.248J Women and Children in the Legal
Process

(Same subject as SP 497J)
Prereq.: -
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9
Relies on caselaw, legal essays, and other
materials to expose students to the fluid politi-
cal discourse surrounding the rights of women
and children. Topics covered include the abor-
tion debate in the context of the movements to
reform abortion laws from the 1960s through
the present; the constitutional standard of
review in gender cases; the special treat-
ment/equal protection debate; parental and
family rights; the clash between maternal and
fetal rights; the feminist debate over pornog-
raphy; the development of abuse law; and the
judicial treatment of juveniles as offenders and
as persons in need of care and protection.
Graduate students are expected to pursue the
subject in greater depth through readings and
individual research projects.
M. Burnham

17.251 Congress and the American
Political System

Prereq.: 17.241, 17.201
U (1)
3-0-9 HASS
17.252 Congress and the American
Political System

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Focuses on both the internal processes of the
House and Senate and on the place of Con-
gress in the American political system. Atten-
tion to committee behavior, leadership
patterns, and informal organization. Considers
relations between Congress and other
branches of government, as well as relations
between the two houses of Congress itself.
Graduate students are expected to pursue the
subject in greater depth through reading and
individual research.
C. Stewart
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17.253 American Political Economy

Prereq.: 17.241
U (1)
3-0-9 HASS
17.254 American Political Economy

Prereq.: 17.241
G (1)
3-0-9 H-LEVEL Grad Credit

Analysis of contemporary and historical issues
in US political economy, with special emphasis
on public finance and economic regulation.
Selected topics in trade and tax policy, agricul-
tural, transport, labor, and environmental
regulations, and local public finance treated in
some detail. Focuses primarily on the neoclas-
sical/rational-choice approach; strengths and
weaknesses of this approach are discussed.
Where necessary, devotes time to developing
tools used in rigorous microeconomic analysis.
Graduate students are expected to pursue the
subject in greater depth through reading and
individual research.
J. M. Snyder, Jr.

17.258 Politics of Race and Ethnicity
in America

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

17.259 Politics of Race and Ethnicity
in America

Prereq.: -
U (2)
3-0-9 HASS

How have race and ethnicity shaped American
politics from the eighteenth to the twentieth
centuries? Argues that racial and ethnic con-
flict have been central to the evolution of
American democracy. Special attention paid to
electoral politics and social movements. Uses
a comparative perspective where appropriate.
Graduate students expected to pursue the sub-
ject in greater depth through reading and in-
dividual research.
D. T. Kryder

17.260 Graduate Seminar in American
Politics

Prereq.: 17.241
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Analyzes the American political system, with
primary emphasis on the national level. Ex-
amines American political culture, federalism,
American party system, representation and
public policy, and major institutional com-
ponents of the national policy process. Atten-
tion to contemporary and comparative
research on American politics and govern-
ment. Discussion also includes some refer-
ence to the explicit and implicit theoretical
assumptions of such work, as well as critiques
of these assumptions.
C. Stewart

17.261 Congress and the Policy Process

Prereq.: 17.251
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

17.262 Congress and the Policy
Process

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Analyzes the genesis and implementation of
policy in the US by understanding the relations
between Congress and other political
entities - the presidency, the bureaucracy,
the courts, and voters. Special attention is paid
to the American system of weak parties and
divided powers and how these peculiarities of
institutional design leave their marks on the
policy process within and between the national
political institutions. Graduate students are ex-
pected to pursue the subject in greater depth
through reading and individual research.
C. Stewart

17.273 American Political Analysis I

Prereq.: -
U (2)
3-0-9 HASS

Introduces students to the theories and
methods of the scientific study of American
politics. Organized around three major substan-
tive units: American political institutions, politi-
cal behavior, and political development. Each
unit provides an introduction to basic issues
and concepts relevant to that subject, em-
phasizing the integration of theory, method,
and research in these topics.
Staff

Science, Technology, and
Policy

17.301J Science, Technology, and
American Government
(Revised Content)

(Same subject as STS 082J)
Prereq.: -
U (1)
3-0-9 HASS

Examines the development of policy toward
science and technology in the US from the
early days of the Republic to the present time,
with emphasis on major issues posed by the
advance of technology. Attention is given to
the policy and budgetary processes of the
government today, selected issues such as
competitiveness and risk assessment, and
policy prospects for science and technology in
the university and in industry.
E. B. Skolnikoff

17.302J Science, Technology, and
Public Policy

(Same subject as STS 524J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Examines the public policy issues associated
with the setting of policy for science and tech-
nology, primarily in the US, and the societal
mechanisms for reaching decisions on con-
troversial technology-related issues. Includes
the history of the development of American
governmental institutions, current controver-
sies, and exploration from a science and tech-
nology policy perspective of selected
representative issues such as economic com-
petitiveness, risk, and climate change.
E. B. Skolnikoff

17.319 Environmental Politics and Policy

Prereq.: -
U (2)
3-0-9 HASS

Examines how local, state, and national
governmental institutions, non-governmental
institutions and interest groups, and the public
interact in the formulation and implementation
of environmental policy. Explores the mixing of
politics and science, and how this often leads
to tradeoffs and compromise among conflicting
values and interests in policy-making. Case
studies in environmental policy are examined.
S. M. Meyer

17.322 Seminar in Systematic Policy
Analysis and Technology Assessment

Prereq.: 14.01, 14.02
G (2)
3-0-6 H-LEVEL Grad Credit

Analyzes policy problems illustrative of those
facing the Federal and local governments.
Cost-benefit calculations and topics in welfare
economics. Cases selected from such areas
as energy policy, the environment, space
programs, and communications. Open to un-
dergraduates by permission of instructor only.
G. W. Rathjens

17.328J Science and Technology in
International Affairs

(Same subject as STS 525J)
Prereq.: 17.302 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Examines the generic relationship between
science and technology and central aspects of
international affairs, including economic struc-
ture, security relationships, and global
dangers. Explores process of interaction, the
nature of changes in the international political
system, and implications for national and inter-
national government. Undergraduates may be
admitted with permission of the instructor.
E. B. Skolnikoff
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17.331J Public Policy and Climate
Change

(Same subject as STS 084J)
Prereq.: Permission of instructor
U (2)
3-0-9 HASS

17.332J Public Policy and Climate
Change

(Same subject as STS 526J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Examines the many public dimensions of the
threat of climate change, starting from the
scientific and technological understanding of
the phenomenon, through alternatives of
mitigation and adaptation. Particular attention
given to the political and economic setting in
which national policies are considered, and the
implications for international institutions and
regimes. Faculty from other departments par-
ticipate for portions of the subject. Graduate
students are expected to pursue the subject in
greater depth through reading and individual
research.
E. B. Skolnikoff

International Relations/Arms
Control and Defense Studies

International Relations and
Foreign Policy

17.403 American Foreign Policy: Past,
Present, and Future

Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

Subject's mission is to explain and evaluate
America's past and present foreign policies.
What accounts for America's past wars and in-
terventions? What were the consequences of
American policies? Overall, were these conse-
quences positive or negative for the US? For
the world? Using today's 20/20 hindsight, can
we now identify policies that would have
produced better results? History covered in-
cludes World Wars I and II, the Korean, In-
dochina, and Persian Gulf wars, and the
Cuban Missile Crisis. Recent and contem-
porary crises and issues also covered, includ-
ing the conflict in former Yugoslavia.
S. Van Evera

17.405 Seminar in Middle East Politics

Prereq.: -
U (1)
3-0-6 HASS

17.406 Seminar in Middle East Politics

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Focuses on evolution of contemporary politics
and economics. Divided into three parts:
1) domestic and regional politics of the Arab
East, Iran and the Gulf, the Maghreb, and Is-
rael; 2) energy: the world oil and energy pic-
ture; 3) Middle East and world politics:
geostrategic shifts, Arab-Israeli conflicts, the
Iran-Iraq war, the Gulf War, and their interac-
tion with energy issues. Graduate students are
expected to pursue the subject in greater
depth through reading and individual research.
N. Choucri

17.410 Politics of Global Environmental
Change

Prereq.: -
G (2)
3-0-9
Tracing the evolution of international environ-
mental issues as they become politicized, this
subject explores types of human determinants
and consequences of global change, the ran-
ges and types of uncertainties, and the poten-
tial attendant implication for policy. Of concern
are linkages among individuals, nation-states,
transnational organizations and firms, interna-
tional systems, and global environments. Spe-
cial focus is placed on comparative public
policy for environmental management, on chal-
lenges of sustainable development, and on
evolving modes and models of international
and institutional responses to global change.
N. Choucri

17.420 Theories of International
Relations

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Critical analysis of contending theories of inter-
national relations. Focus is on alternative
paradigms, world views, and middle-range
theories, including political realism, the com-
munitarian and the critical/reflectivist traditions,
and alternative theories from nonwestern, non-
major-power perspectives. Discussion of con-
nections between theories of international
relations and changes in international politics
and relations. Open to undergraduates by per-
mission of instructor.
H. R. Alker, Jr.

17.422 International Political Economy

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Interdisciplinary analysis of ways in which na-
tions undertake dual international objectives:
pursuit of power and pursuit of wealth. Sur-
veys major competing paradigms of interna-
tional political economy, including neoclassical
economics, neo-Marxist theories, lateral pres-
sure, dependency and interdependence
perspectives, and structural views of power
relations. Examines political and economic
dimensions of international trade, capital flows,
foreign investment, intellectual property rights,
international migration, and select issues in
foreign economic policy. Examines the evolu-
tion of international economic institutions and
attendant political implications. Open to under-
graduates by permission of instructor.
N. Choucri

17.423 War and War Prevention

Prereq.: -
U (2)
3-0-9 HASS

Examines the causes of war, with a focus on
practical measures to prevent and control war.
Topics covered include: causes and conse-
quences of national misperception; arms races
and war; accidental war; US foreign policy as a
cause of war and peace; and the likelihood
and possible nature of another world war. His-
torical cases are examined, including World
War I, World War II, Korea, the Peloponnesian
War, Indochina, and the Cuban Missile Crisis.
S. Van Evera

17.424 International Political Economy of
Advanced Industrial Societies

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Seminar provides an overview of international
political economy with specific reference to the
advanced industrial societies. Integrates inter-
national and comparative perspectives and
fuses microeconomic and institutionalist ap-
proaches. Compares and contrasts the role of
states in regulating intergroup conflicts over
domestic markets with the role of regimes in
regulating interstate conflicts over international
markets. Examines the rise and decline of
economic powers, industrial policy and trade
relations, financial and monetary politics, and
economic integration.
K. Oye
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17.426 The United States and the Third
World
Prereq.: -
G (2)
3-0-9
Examines the causes and consequences of
American military and covert interventions in
the Third World, focusing on interventions
since 1898. Cases covered include the US-
Filipino War, the Indochina War, and US inter-
ventions in Iran, Guatemala, Lebanon, Cuba,
the Dominican Republic, Chile, Grenada,
Nicaragua, El Salvador, Angola, and Cam-
bodia. Soviet interventions are also covered.
Open to undergraduates by permission of in-
structor only.
S. Van Evera

17.428 US Foreign Policy - Past, Present,
Future

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Critical analysis of US foreign policy in the con-
text of past tendencies and future possibilities.
Roots of US policy; origins of the Cold War;
security redefined; special emphasis on the
policy process. Open to advanced under-
graduates by permission of instructor only.
Staff

17.430 Research Seminar in International
Relations

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

While this seminar provides an overview of
recent literature, its principal purpose is to help
graduate students develop skills suited to
production of research papers and/or disserta-
tions. Begins by reviewing general theoretical
and methodological issues, then turns to
specific empirical studies that examine the ef-
fects of systems structure, national attributes,
bargaining processes, institutions, ideas, and
norms on security affairs and political
economy. The last two sessions of the semi-
nar are devoted to evaluating research
proposals generated by all members of the
class.
K. Oye

17.438 Research Seminar on African
Foreign Relations and Development

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Application to Africa of the more general
predominant approaches and analytical con-
structs in international relations and foreign
policy studies. Special topics covered include:
African international relations, including foreign
policy processes, African international or-
ganizations, African participation in multilateral
organizations, regional integration, and interna-
tional investment institutions. Open to under-
graduates with permission of instructor.
W. R. Johnson

Defense and Arms Control
Studies

17.460 Defense Politics

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Examines the politics affecting US defense
policies before, during, and after the Cold War.
Includes consideration of intra- and inter-ser-
vice rivalries, civil-military relations, contractor
influences, congressional oversight, and peace
movements in historical and contemporary
perspectives.
H. M. Sapolsky

17.462 Innovation in Military Organizations

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
Explores the origins, rate, and impact of in-
novations in military organizations, doctrine,
and weapons. Emphasis on organization
theory approaches. Comparisons with non-
military and non-US experience included.
B. Posen, H. M. Sapolsky

17.465 The Nuclear Age

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. P. Ruina, G. W Rathjens

17.468 Foundations of Security Studies

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Aims to develop a working knowledge of the
theories and conceptual frameworks that form
the intellectual basis of security studies as an
academic discipline. Particular emphasis on
balance of power theory, organization theory,
civil-military relations, and the relationship be-
tween war and politics. The reading list in-
cludes Jervis, Schelling, Waltz, Blainey, von
Clausewitz, Brodie, Allison, Steinbruner, and
Huntington. Students write a seminar paper in
which theoretical insights are systematically ap-
plied to a current security issue.
B. Posen

17.471 American National Security Policy

Prereq.: -
U (1)
3-0-9 HASS

Introduces the student to the problems and is-
sues confronting American national security
and the process by which American national
security policy is formulated. The nature of the
international system (post-World War 11), the
theoretical requirements for deterrence and
defense, and alternative strategies for im-
plementing American national security policy
are discussed. The roles of the President, Na-
tional Security Council, Department of
Defense and armed services, the Congress,
and public opinion in formulating national
security policy are examined.
S. M. Meyer

17.474 Comparative Defense
Management

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Examines the management issues in the or-
ganization, equipping, and direction of military
forces. Of particular interest are the effects of
defense activities on national research and
manufacturing capabilities. Comparisons
made with European, Israeli, and Russian ex-
perience.
H. M. Sapolsky

17.476J Analysis of Strategic Nuclear
Forces

(Same subject as STS 516J)
Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Introduces the assessment of strategic nuclear
forces. Emphasizes the development of force
requirements and methods for analyzing alter-
native force postures in terms of missions, ef-
fectiveness, and cost. The history of the
US-Soviet strategic competition provides the
backdrop against which the evolution of
nuclear strategy and forces is considered.
T. Postol

17.477J Technology and Policy of Weapons
Systems

(Same subject as STS 076J)
Prereq.: -
U (2)
3-0-9 HASS

See description under subject STS 076J.
T. Postol
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17.479J Technology, Politics, and Weapons
Choice

(Same subject as STS 079J)
Prereq.: -
U (2)
3-0-9 HASS

17.480J Technology, Politics, and Weapons
Choice

(Same subject as STS 519J)
Prereq.: -

G (2)
3-0-9

See description under subject STS 519J.
T. Postol

17.482 US General-Purpose Forces

(Subject meets with 17.483)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

17.483 US General-Purpose Forces

(Subject meets with 17.482)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Based on the concept of Grand Strategy as a
system of interconnected political and military
means and ends. Topics covered include US
grand strategy, the organization of the US
military, the defense budget, ground forces,
tactical air forces, naval forces, power projec-
tion forces, and the control of escalation. Par-
ticular episodes of military history that offer
insights into current conventional forces issues
examined. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research.
B. Posen

17.484 Comparative Grand Strategy and
Military Doctrine

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

A comparative study of the grand strategies
and military doctrines of the great powers in
Europe (Britain, France, Germany, and Rus-
sia) from the late nineteenth to the mid-twen-
tieth century. Examines strategic
developments in the years preceding and
during World Wars I and II. What factors have
exerted the greatest influence on national
strategies? How may the quality of a grand
strategy be judged? Exploration of compara-
tive case study methodology also plays a
central role. What consequences seem to fol-
low from grand strategies of different types?
Open to undergraduates with permission of in-
structor.
B. Posen

17.490 Russian National Security Policy

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Examines the historical and contemporary
determinants of Russian Security policy. The
Soviet legacy in civil-military relations, military
doctrine, strategy, and organization is ex-
amined. The impact of political, economic, and
social forces on the breakup of the Red Army
and the formation of the Russian military estab-
lishment is examined in detail.
S. M. Meyer

17.492 Research Seminar in Post-Soviet
Security Studies

Prereq.: 17.490
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
3-0-9 H-LEVEL Grad Credit

An advanced seminar that examines historical
and contemporary issues in Soviet and post-
Soviet defense planning. Students select in-
dividual research topics and work with original
source materials.
S. M. Meyer

See also 17.301J, 17.302J, 17.328J, 17.403,
17.405,17.406,17.420, 17.428.

Comparative Politics/
Political Development/
Communist Studies

Theories and Research Methods

17.520 Comparative Politics of Business-
Government Relations

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Seminar provides an introduction to the cross-
national study of business-government rela-
tions, emphasizing competing theoretical
perspectives and with attention to experiences
of selected industrialized countries and sec-
tors. Examines how and why governments are
in business, as well as the influence busi-
nesses exert on governmental decision
making. Central questions include historical im-
pact of business on national economies, politi-
cal origins of state enterprises, and
implications of business-government relations
for democratic theory.
R. J. Samuels

See also 17.154, 17.156J.

Advanced Industrial Societies

17.532 Japan and the New World Order

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Explores Japan's role in world orders, past,
present, and future, focuses on Japanese con-
ceptions of security, rearmament debates, the
relationship of domestic politics to foreign
policy, the impact of Japanese technological
and economic transformation at home and
abroad, alternative trade and security regimes,
relations with Asian neighbors, the USSR, and
the alliance with the United States. Seminar
culminates in a two-day Japanese-centered
crisis simulation, based upon scenarios
developed by students.
R. J. Samuels

17.534 Domestic Politics of Western
Europe

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Compares politics and society in France, Great
Britain, Germany, and Italy. Analyzes "cases"
of the integration of feudal remnants and the
problem of controlling the economy. Open to
undergraduates.
S. Berger

17.536 The Political Economy of Japanese
Organizations

Prereq.: -
G (1)
3-0-9

A look at the interrelations of market forces
and socio-political values and institutions in
Japanese economic life - specifically in the or-
ganization of work, employment, education
and training, capital markets, inter-firm trading
relations, industrial associations, and organiza-
tions for the promotion of research and
development. Particular emphasis on the role
of the state in regulation, coordination, and ac-
tivist promotion.
R. Dore

17.538 Structure of Capitalist Societies: A
Case for Anglo-Saxon Exceptionalism?

Prereq.: -
G (1)
3-0-9

A look at the burgeoning "varieties of
capitalism" debate. How far is it true that what
are often assumed, by economists and politi-
cal economists, to be universal features of
capitalist free-market societies, while common
to UK, US, Canada, and Australia, appear in
rather different forms in Italy, France, Ger-
many, Sweden, or Japan? Topics include cor-
porate governance, employment systems/
labor markets, finance-government-industry
relations. The questions: not only how dif-
ferent, but why different.
R. Dore
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17.539 Politics and Policy in Contemporary
Japan

Prereq.: -
U (2)
3-0-6 HASS

17.540 Politics and Policy in Contemporary
Japan

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Analyzes contemporary Japanese politics,
focusing primarily upon the post-World War 11
period. Includes examination of the dominant
approaches to Japanese politics and society,
the structure of the party system, the role of
political opposition, the policy process, foreign
affairs, and interest groups. Attention to
defense, foreign, industrial, social, energy,
technology policy processes. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and class
presentations.
R. J. Samuels

See also 17.154, 17.156J, 17.158, 17.166J.

Developing Countries

17.541J Introduction to Latin American
Studies
(New)

(Same subject as 21 F 884J)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS-D, Category 4

Introduction to contemporary reality of multi-
cultural, multi-ethnic peoples of Latin America.
Organized around six topics: indigenous iden-
tity and struggle, nineteenth-century liberalism
and current crisis of the liberal nation-state,
Afro-Americans in Brazil and Cuba,
democratization and worker's movements in
contemporary Brazil, the new urbanization and
women's activism (case study - Mexico City),
and the Latino-Americanization of the U.S.
Major emphasis on the period from 1970 to
present but certain units explore historical an-
tecedents as far back as late eighteenth cen-
tury.
E. Garrels, J. Fox

17.542 Political Development: Trends,
Issues, Theories, and Concepts
(New)

Prereq.: Permission of instructor; at least one
prior graduate subject on developing countries
expected
G (2)
3-0-9 H-LEVEL Grad Credit

Examines major political trends and issues in
contemporary developing countries including
regime changes, democratization, growth of
ethnic identities and ethnic conflict, political
consequences of rapid population growth, ur-
banization, mass communications, and dif-
fusion of education, problems of creating
legitimate authority, process of creating and
sustaining effective institutions, and problems
of shifting to more market-oriented growth
policies. Particular attention given to theories
which seek to explain determinants and conse-
quences of these developments.
M. Weiner

17.543 Political Change in Latin America

Prereq.: -
U (1)
3-0-9 HASS

Introduction to the dynamics of political
change in Latin America today. Emphasis on
the conflict between democracy and
authoritarianism, the relationship between
economic and political change, and the
process of empowerment of excluded social
groups. Special attention to Mexico and
Central America, economic development, the
environment, ethnicity, the role of women, and
human rights.
J. A. Fox

17.544 Comparative Politics of Latin
America

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Latin American politics in comparative perspec-
tive. Focus on conflict between democracy
and authoritarianism. Case studies of different
political systems and economic policies, espe-
cially in Mexico, Brazil, and Chile. Special at-
tention to regime change, social movements,
and the construction of citizenship. Open to ad-
vanced undergraduates.
J. A. Fox

17.545 Political Change in South Asia:
India, Pakistan, Bangladesh, and
Afghanistan

Prereq.: -
U (2)
3-0-9 HASS

17.546 Political Change in South Asia:
India, Pakistan, Bangladesh, and
Afghanistan

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Examines the major political changes occur-
ring in the region: the changing role of political
parties and the military; the impact of caste, lin-
guistic, religious, tribal, and class forces; the
electoral process; the political determinants
and consequences of development policies;
and the changing involvement of external
powers. Attention to issues of national integra-
tion, political legitimacy, and political participa-
tion. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research.
M. Weiner

17.547 Chinese Politics

Prereq.: -
U (1)
3-0-6 HASS

17.548 Chinese Politics

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Analyzes contemporary Chinese politics, both
pre-Communist and Communist. Focus on the
process of modernization and political develop-
ment of Chinese civilization. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and individual
research.
Z. Cui

17.558J Politics, Technology, and Public
Policy in the Middle East

(Same subject as 1.255J, 11.488J, 21 H 977J,
STS 509J)
Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit

Focuses on contemporary conflicts and com-
peting ideologies, Islam and politics, colonial
experiences, and patterns of social pressures.
Examines role of technological and scientific in-
stitutions. Changing environment of internation-
al business is explored, as are patterns of
investments in the region. Provides students
with interdisciplinary approach to development
in the Middle East. Open to undergraduates
with permission of instructor.
N. Choucri, P. S. Khoury, F. Moavenzadeh,
L. Trilling
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17.559J Technological Development,
Business, and Political Change in the
Middle East

(Same subject as 1.25J, STS 020J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9

17.560J Technological Development,
Business, and Political Change in the
Middle East

(Same subject as 1.256J, 11.489J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Employs historical and contemporary perspec-
tives to analyze the role of religion and politics
in shaping socioeconomic and technological
development in the Middle East. Emphasis is
on the role of the technological change in con-
temporary development (and comparisons
with other regions). Examines institutional
changes within states and throughout the
region for the management of socioeconomic
and technological change, and strategies of
privatization. Focuses on three broad dimen-
sions of statehood: population, resources, and
technology. Examines their interdependence
and the impact of their flows across national
boundaries (i.e., population, migration, technol-
ogy transfer, and energy resources). Graduate
students are expected to pursue the subject in
greater depth through reading and individual
research. 1 7.559J may not count toward
HASS Requirement.
N. Choucri, F. Moavenzadeh, L. Trilling,
P. S. Khoury

17.561J Modern Egypt and Iran: Islam and
Politics in Historical Perspective

(Same subject as 21 H 626J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Open to graduate students. See description
under subject 21 H 626J.
Staff

17.573 Political Dimensions of African
Civilizations over the Centuries

Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

Considers political systems, ideas, and pat-
terns from the ancient Egyptian empire to
colonial times, with concern for the distinctly
African characteristics of the peoples and cul-
tures of these systems throughout the con-
tinent. Explores the political ideas, behaviors,
structures, and experiences that are
widespread throughout and generally reflective
of Africa. Examines African artifacts and
mythology, literature and folklore, and in-
digenous historical texts, as well as scholarly
texts from around the world and throughout
the ages.
W. R. Johnson

17.574 Research Seminar on African
Development

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Research seminar on particular development
problems of selected African countries. Inten-
sive examination of a sector, institutional fac-
tor, or process. Examples include agricultural
development, the parastatal sector, regional in-
tegration, international investment institutions.
W. R. Johnson

17.575 Introduction to Contemporary
African Politics

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Consideration of the general characteristics of
African state structures and political processes
and institutions, as well as of the careers and
programs of particular leaders and of policy is-
sues of widespread significance in Africa
today. Case studies of several African
countries and leaders.
W. R. Johnson

17.576 Politics of Development and
Underdevelopment in Africa

Prereq.: -
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Analyzes development issues and policies in a
variety of African countries and includes a con-
sideration of the nature and functioning of the
political systems in these states, their interac-
tion with international organizations, and multi-
national corporations. Emphasizes policies
being pursued by the government to promote
economic and social development. Includes
role of governmental and voluntary organiza-
tions. Considers major theoretical literature on
development relevant to Africa.
W. R. Johnson

17.577 The Politics of Change in the Third
World

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Introduction to the politics of the Third World
development process, focusing on ideas,
choices, structures, and constraints. Emphasis
on the role of governments in charting develop-
ment paths, as well as the multiple forces for
change which emerge from below. Practical
policy problems dealt with include hunger, the
environment, health, population, urbanization,
and foreign aid. The subject utilizes a variety
of perspectives on change and a mixture of
resources and teaching approaches, including
guest lectures and video material.
W. R. Johnson, J. A. Fox

17.587J Central American Society

(Same subject as 21A 221J)
Prereq.: -
U (1)
3-0-6 HASS
See description under subject 21A 221J.
Consult J. Howe.

17.590 Research Seminar on Latin
American Politics

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
For students planning research in Latin
America, and for students who seek to incor-
porate Latin American cases in comparative
frameworks. Emphasis on the study of the
state, political parties, and social movements.
Discussion of current work in the field, with em-
phasis on sources, methodology, and
strategies for testing theory. Presentation of
students' research projects as appropriate.
J. A. Fox

See also 17.168, 17.170, 17.406, 17.438.

Communist Studies

17.601J Soviet Politics and Society,
191 7-1 991

(Same subject as 21 H 467J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

Explores political and historical evolution of
Soviet state and society from 1917 Revolution
to present: (1) relation between Leninism as
an ideology and Bolshevik practice; (2)
"Stalinist" patterns of relations between state
and society; (3) post-Stalinist efforts to achieve
radical political and social reform. Focuses on
two questions: How did the Revolution, in-
tended to liberate society, end up creating a
social/political order lacking in either "liberty" or
"prosperity"? And what were the goals and con-
sequences of Gorbachev's revolutionary effort
to overcome this difficult history?
D. L. M. Blackmer, E. Wood
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17.602 Soviet Communism and Its Legacy

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

17.603 Soviet Communism and Its Legacy

Prereq.: 17.601 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Seeks to explain the growth and decay of the
Soviet system, and its legacy for Russia, by
focusing on four topics: 1) ideological and politi-
cal foundations of the system and their
erosion; 2) economy and society in relation to
politics; 3) the nationalities question;
4) what sort of "new order" is taking shape?
Graduate students are expected to do addition-
al reading and research.
D. L. M. Blackmer

17.605 Soviet Politics After Stalin
Prereq.: 17.601 or equivalent
U (1)
3-0-9 HASS

17.606 Soviet Politics After Stalin

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Reviaws evolution of the Soviet system under
Khrushchev and Brezhnev, then focuses on
sources and intended and unintended conse-
quences of Gorbachev's innovations: glasnost,
democratization, national autonomy, economic
reform. Concludes with analysis of the August
1991 events and their aftermath. Previous
study of Soviet history and politics assumed
for all, and required for undergraduates.
Graduate students are expected to pursue the
subject in greater depth through reading and
individual research.
D. L. M. Blackmer

17.609J Seminar in the Historical and
Political Evolution of Russia

(Same subject as 21H 468J, STS 025J)
Prereq.: Permission of instructor
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS
17.610J Seminar in the Historical and
Political Evolution of Russia

(Same subject as STS 106J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9
Meets with undergraduate subjects 17.609J,
21 H 468J, and STS 025J. Graduate students
are expected to pursue the subject in greater
depth through reading and individual research.
See description under subject 21 H 468J.
L. R. Graham

17.612 The Soviet Political System

Prereq.: 17.602 or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Seminar on the Soviet political system after
Stalin, intended for graduate students taking
Generals in this field. Content dependent on
student preferences among these main objec-
tives: (1) evaluation of competing interpreta-
tions of the Soviet and other "state socialist"
systems; (2) analysis of Gorbachev's reform
program and the problems it was intended to
address; and (3) exploration of the transition
from within-system reform to revolutionary
change toward democratic politics and a
market economy.
D. L. M. Blackmer

17.614J Russian Science and Society

(Same subject as STS 103J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
See description under subject STS 103J.
L. R. Graham

See also 17.490.

Polimetrics/Models and
Methods

17.803 Arguments and Debates

Prereq.: -
U (1)
2-1-9 HASS

Examines the fallacies and logics of a variety
of recent and classical liberal, radical, and con-
servative political arguments. Introduces the
student to the "informal logic" characteristic of
legal, political, and moral argument. The
laboratory includes debating exercises and
logical and computerized analysis of various
political arguments.
H. R. Alker, Jr.

17.805 Introduction to Formal Methods in
Political Science
(New)

(Subject meets with 17.806)
Prereq.: -
U (2)
3-0-9 HASS

17.806 Introduction to Formal Methods in
Political Science
(New)

(Subject meets with 17.805)
Prereq.: -
G (2)
3-0-9
Surveys the use of mathematical models in
various fields of political science, with special
emphasis on applications of microeconomics
and voting theory. Topics covered are: equi-
librium in spatial voting models; elements of
noncooperative game theory; vote trading,
vote buying, and logrolling; voting games with
endogenous agenda formation; resource al-
location problems. Graduate students are ex-
pected to pursue the subject in greater depth
through reading and individual research.
J. M. Snyder, Jr.

17.808 Empirical Tests of Formal Models
(New)

Prereq.: 17.806
G (1)
3-0-9 H-LEVEL Grad Credit

Focuses on the relationship between the be-
havioral models developed by formal theorists
and the statistical models used in empirical es-
timation. The main questions are: How do re-
searchers make the link between theory and
the data? How do they generate and estimate
statistical models that allow careful testing of
the behavioral models? What constitutes a
good 'lest" of a model? These questions
studied through reading and discussion of ar-
ticles that combine both empirical and theoreti-
cal analysis.
J. M. Snyder, Jr.

17.810 Contending Approaches to Political
Explanation
Prereq.: 17.842 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Seminar considers how two different theoreti-
cal traditions explain political institutions and
behavior. One approach examines how the in-
terplay of social structures and cultural beliefs
shapes political attitudes. The second takes at-
titudes as given and studies how rational ac-
tors construct political institutions and decide
public policies. Explores how these ap-
proaches can be used to develop empirical ex-
planations of processes like participation and
policy-making. Fulfills the departmental require-
ment in methodology.
Staff



178D School of Humanities and Social Science

17.816 Field Research Methods in
Comparative Politics and Political
Development

Prereq.: Permission of instructor
G (1)
2-2-8 H-LEVEL Grad Credit

Introduces a variety of approaches and
methods for conducting research in Western
Europe and developing countries, including
elite interviewing, participant observation, case
studies, cross-cultural survey research, and
documentary research. Attention to concep-
tual, practical, and ethical issues of conducting
research abroad, e.g., the role of language in
social research, the limits and uses of official
sources, and ethical responsibilities of social
scientists. Not open to first-year graduate stu-
dents.
M. Weiner

17.820 Quantitative Methods in American
Politics

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-2-8 H-LEVEL Grad Credit

Examines major quantitative research tech-
niques used by political scientists to inves-
tigate American mass political and institutional
behavior. Substantive topics covered include
the specification and examination of voting
and opinion models, models of legislative be-
havior, and budgetary decision making.
C. Stewart

17.823 Conflict and Its Resolution

Prereq.: 17.203
U (2)
3-0-9 HASS

17.824 Conflict and Its Resolution

Prereq.: 17.842
G (2)
3-0-9 H-LEVEL Grad Credit

Focus is on empirically oriented neorealist and
peace research approaches to international
conflict, its anticipation, and its resolution.
Topics include the sources, instrumentalities,
and modalities of conflict, and the ways in
which conflict is negotiated, managed, or
resolved. The research conceptualization (its
theoretical and paradigmatic roots), research
design, and the methodological implementa-
tion of various empirical studies are reviewed.
Graduate students are expected to pursue the
subject at greater depth through reading and
individual research.
H. R. Alker, Jr.

17.842 Quantitative Research in Political
Science and Public Policy
Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

An introduction to the application of elemen-
tary statistics to political analysis. A basic
literacy subject, teaching the student how to
read and interpret the quantitative literature in
various subfields of political science and public
policy. Students develop elementary statistical
computation skills and learn to use a statistical
computing package.
P. H. Lemieux

17.846 Multivariate Political Analysis

Prereq.: 17.203 or 17.842 or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
2-2-8 H-LEVEL Grad Credit

Focus on multivariate data analysis proce-
dures, emphasizing regression. Considers
model specification, autocorrelation, instrumen-
tal variables, and causal modelling. Students
must have taken at least one previous subject
in statistics. Open to qualified undergraduates.
P. H. Lemieux

17.848 Complex Models of Social
Systems

Prereq.: 6.001 or 17.842
G (2)
Units arranged H-LEVEL Grad Credit

Research seminar focuses on complex models
of socio-political processes. Emphasis this
year is on cognitive, organizational, and socie-
tal collective decision-making processes. Dis-
cusses models from biological, linguistic,
logical, semiotical, and artificial intelligence
traditions. A laboratory option includes the
development of computer modeling skills.
H. R. Alker, Jr.

See also 17.322.

General Subjects

17 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

17 URG Undergraduate Research
(New)

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Undergraduate research opportunities in Politi-
cal Science in theoretical and applied re-
search. For further information, contact the
Departmental Coordinator.
R. J. Samuels

17.901 Political Science Internship and
Research

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Independent research enabling students to do
work in an agency, state, or local government,
or other public organization. The academic
component involves close contact between the
student and a faculty advisor and written work.
Work may be done during the summer.
R. J. Samuels

17.903 Community Service: Experience and
Reflection

Prereq.: -
U (1, IAP, 2)
Units arranged [P/D/F]

Seminar involves students in the community
that exists beyond the labs and classrooms of
the MIT campus. Through a combination of
community service and academic study, stu-
dents learn about political, economic, and so-
cial issues that confront residents in Boston
and Cambridge. Students volunteer in a com-
munity service agency or private organization
devoted to community needs and develop-
ment. Students also responsible for directed
readings, three short writing assignments, and
four evening seminar sessions. Subject can
only be repeated for credit if area of com-
munity service is different.
J. A. Fox

17.905-17.911 Reading Seminar in Social
Science

Prereq.: -
U (1, IAP, 2, S)
Units arranged
Can be repeated for credit

Reading and discussion of special topics in the
fields of social science. Open to advanced un-
dergraduates by arrangement with individual
staff members. 17.909 is taught P/D/F.
R. J. Samuels
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17.913 Pre-thesis Reading Seminar

Prereq.: -
U (1, 2)
3-0-6 [P/D/F]
Can be repeated for credit

Intensive reading on topics of interest to stu-
dents preparing for senior thesis under
guidance of thesis supervisor. A written paper
required, forming a substantial part of the
senior thesis.
R. J. Samuels

17.915 Junior Colloquium in Political
Science and Public Affairs

Prereq.: Two Political Science subjects or
permission of instructor
U (2)
2-0-10 HASS
Seminar identifies, explores contributions of
political science to critical issues in US and
world affairs. Designed to help departmental
majors and minors understand the way politi-
cal scientists choose and ask questions and
seek answers to those questions. Topics and
readings chosen from fields of comparative
politics, international relations, and domestic
policy.
D. L. M. Blackmer

17 ThU Undergraduate Political Science
Thesis

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Program of undergraduate research, leading
to the writing of an S.B. thesis. To be arranged
by the student under approved supervision.
R. J. Samuels

17.950-17.960 Reading Seminar in Social
Science

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Reading and discussion of special topics in the
fields of social science. Open to advanced
graduate students by arrangement with in-
dividual staff members. 17.959 is taught P/D/F.
R. J. Samuels

17.962 Second Year Colloquium
(New)

Prereq.: -
G (2)
3-0-9
Restricted to second-year students in political
science. Reading and close study of a small
number of exemplary papers in different areas
of political science. Principal aim is not to con-
vey new substantive knowledge, but to help
students to define research topics, to present
clear theses that are worth defending, and to
defend those theses through focused empirical
and theoretical argument. Study of papers on
four topics, each located in different areas of
the discipline: 1) What is an international in-
stitution, and what difference (if any) do such
institutions make? 2) What are the causes and
consequences of low voter turnout in the US?
3) What are the sources of the current trends
of democratization in Latin America? 4) Why
has economic growth in the US been so slow
for the past 20 years?
J. Cohen, J. M. Snyder, Jr.

17 ThG Graduate Political Science
Thesis

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research and writing of
thesis; to be arranged by the student with su-
pervising committee.
R. J. Samuels
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Course 18 Mathematics

For degree requirements, see listing in
Chapter VII under the School of Science.

General Mathematics

18.01 Calculus
Prereq.: -
U (1, 2)
5-0-7 CALC I
Credit cannot also be received for 18.011 or
18.014

Differentiation and integration of functions of
one variable, with applications. Concepts of
function, limits, and continuity. Differentiation
rules, application to graphing, rates, ap-
proximations, and extremum problems. Mean-
value theorem. Definite and indefinite
integration. Fundamental theorem of calculus.
Applications of integration to geometry and
science. Elementary functions. Techniques of
integration. Approximation of definite integrals,
improper integrals, and I'H6pital's rule.
Term 1: D. S. Jerison

18.011 Calculus with Applications
Prereq.: Assumes substantial prior knowledge
of calculus
U (1)
5-0-7 CALC I
Credit cannot also be received for 18.01 or
18.014

Calculus of one variable, emphasizing applica-
tions. Quick review of differentiation (with op-
tional tutorial sessions), followed by intensive
study of integration and infinite series, includ-
ing, as time permits, special topics selected
from: perturbation and iteration procedures,
stability, summation techniques, asymptotics,
numerical analysis, and other techniques. Prac-
tice in mathematical formulation of scientific
problems and approximate methods of solu-
tion.
H. P. Greenspan

18.014 Calculus with Theory
(18.012)
Prereq.: -
U (1)
5-0-7 CALC I
Credit cannot also be received for 18.01 or
18.011

Covers the same material as 18.01, but at a
deeper and more rigorous level. Emphasizes
careful reasoning and understanding of proofs.
Assumes knowledge of elementary calculus.
Topics: axioms for the real numbers; the
Riemann integral; limits, theorems on con-
tinuous functions; derivatives of functions of
one variable; the fundamental theorems of cal-
culus; Taylor's theorem; infinite series, power
series, rigorous treatment of the elementary
functions.
J. R. Munkres

18.02 Calculus
Prereq.: 18.01 or 18.011 or 18.014
U (1, 2)
5-0-7 CALC 11
Credit cannot also be received for 18.021 or
18.024

Calculus of several variables. Vector algebra
in 3-space, determinants, matrices. Vector-
valued functions of one variable, space mo-
tion. Scalar functions of several variables:
partial differentiation, gradient, approximation
techniques. Multiple integrals with applications.
Vector fields, line and surface integrals, exact
differentials, Green's theorem, Divergence
Theorem, Stokes's Theorem. Additional topics:
linear algebra (term 1), infinite series (term 2).
Term 1: H. Rogers, G. Strang
Term 2: D. Benney

18.021 Calculus with Applications

Prereq.: 18.01 or 18.011
U (1, 2)
5-0-7 CALC II
Credit cannot also be received for 18.02 or
18.024

Calculus of several variables. Vector algebra,
analytic geometry, planetary motion, orbit
stability, partial differentiation, functions of
several variables. Taylor series, extremal
problems, numerical methods, multiple in-
tegrals, approximate and asymptotic methods
of evaluation, applications, vector calculus,
gradient, curl, theorems of Stokes, Green, and
Gauss, conservation laws, fluid motion.
Term 1: A. Toomre
Term 2: W. V. R. Malkus

18.024 Calculus with Theory

(18.022)
Prereq.: 18.014
U (2)
5-0-7 CALC 11
Credit cannot also be received for 18.02 or
18.021
Continues 18.014. Parallel to 18.02, but at a
deeper level, emphasizing careful reasoning
and understanding of proofs. Considerable em-
phasis on linear algebra and vector integral cal-
culus.
J. R. Munkres

18.03 Differential Equations

Prereq.: 18.02 or 18.021 or 18.014
U (1, 2, S)
4-0-8 REST
Credit cannot also be received for 18.034

Study of ordinary differential equations. Stand-
ard solution methods for one first-order equa-
tion, including graphical and numerical
methods. Higher-order forced linear equations
with constant coefficients. Complex numbers;
Laplace transform. Matrix methods for first-
order linear systems with constant coefficients.
Non-linear systems; phase-plane analysis.
Series solutions to second-order equations.
Fourier series solutions. Modeling of physical
problems and interpretation of the analytic or
graphical solutions.
Term 1: G.-C. Rota, K. Short
Term 2: A. P. Mattuck

18.034 Differential Equations

(18.032)
Prereq.: 18.02 or 18.021 or 18.014
U (2)
4-0-8 REST
Credit cannot also be received for 18.03

Covers essentially the same material as 18.03
with more emphasis on theory. First order
equations, separation, initial value problems.
Systems, linear equations, independence of
solutions, undetermined coefficients. Singular
points and periodic orbits for planar systems.
D. Grieser
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18.04 Complex Variables with Applications

Prereq.: 18.03 or 18.034
U (1, 2)
4-0-8
Credit cannot also be received for 18.075

Complex algebra and functions; analyticity;
contour integration, Cauchy's theorem; sin-
gularities, Taylor and Laurent series; residues,
evaluation of integrals; multivalued functions,
potential theory in two dimensions; Fourier
analysis and Laplace transforms. 18.04 and
18.075 may not both be taken for credit.
Term 1: R. R. Rosales
Term 2: H. Cheng

18.05 Introduction to Probability and
Statistics

Prereq.: 18.01 or 18.011 or 18.014
U (1, 2)
4-0-8 REST

Elementary introduction, with applications.
Descriptive statistics. Relative frequency. Prob-
ability models. Combinatorics. Binomial,
geometric, hypergeometric, and Poisson ex-
periments. Random variables. Estimation.
Hypothesis testing. Confidence regions. Nor-
mal distribution methods.
Term 1: S. Fomin
Term 2: R. M. Dudley

18.06 Linear Algebra

Prereq.: 18.02 or 18.021 or 18.024
U (1, 2,S)
4-0-8 REST
Credit cannot also be received for 18.700

Basic subject on matrix theory and linear al-
gebra, emphasizing topics useful in other dis-
ciplines, including systems of equations, vector
spaces, determinants, eigenvalues, similarity,
and positive definite matrices. Applications to
Gauss elimination with pivoting, least-squares
approximations, stability of differential equa-
tions, linear programming, and Markov proces-
ses. Compared with 18.700, more emphasis
on matrix algorithms and many applications.
18.06 and 18.700 may not both be taken for
credit.
Term 1: G. Strang, E. Getzler
Term 2: A. Toomre, S. Axelrod

18.062J Mathematics for Computer Science
(New)

(Same subject as 6.042J)
Prereq.: 6.001, 18.02 or 18.021 or 18.024
U (2)
4-0-8

Offered both Fall and Spring terms beginning
Academic Year 1994-95. Mathematical tools
and methods for computer science and en-
gineering. Emphasis on development of
analytical skills and mathematical sophistica-
tion while learning basic mathematical tools
and applications. Topics: induction and well-or-
dering; counting arguments; asymptotic nota-
tion and growth of functions; recurrences;
discrete probability; elementary data structures
and algorithms; basic graph theory.
J. V. Guttag, F. T. Leighton

18.063 Introduction to Algebraic Systems

Prereq.: 18.02 or 18.021 or 18.024
U (1)
4-0-8

Introduction to algebraic systems, primarily for
students interested in computer and informa-
tion sciences, with emphasis on finite systems.
Reviews elementary set theory, natural num-
bers, modular arithmetic, induction, counting
arguments. Elementary number theory and
group theory. Applications to fast arithmetic,
cryptography, combinatorics. Elementary
graph theory. Introduction to rings and fields.
Finite fields: coding theory, Hamming and
BCH codes.
A. P. Mattuck

18.075 Advanced Calculus for Engineers

Prereq.: 18.03 or 18.034
G (1, 2, S)
3-0-9 (H except 11, VI, VIII, XII, X111, XVI, XVIII,
XXII)
Credit cannot also be received for 18.04

Functions of a complex variable; calculus of
residues. Ordinary differential equations; in-
tegration by power series; Bessel and
Legendre functions. Expansion in series of or-
thogonal functions, including Fourier series.
18.075 and 18.04 may not both be taken for
credit.
Information: S. D. Friedman.

18.076 Advanced Calculus for Engineers

Prereq.: 18.075
G (2, S)
3-0-9 (H except II, VI, XVI, XVIII, XXII)

Vector analysis: orthogonal curvilinear coor-
dinates. Calculus of variations. Solution of clas-
sical partial differential equations of
mathematical physics, including applications of
conformal mapping and the Laplace transfor-
mation.
Information: S. D. Friedman.

18.085 Mathematical Methods for
Engineers I

Prereq.: 18.03 or 18.034
G (1, 2,S)
3-0-9 H-LEVEL Grad Credit

Review of linear algebra, applications to net-
works, structures, and estimation, Lagrange
multipliers, differential equations of equilibrium,
Laplace's equation and potential flow,
boundary-value problems, minimum principles
and calculus of variations, Fourier series, dis-
crete Fourier transform, convolution, applica-
tions.
Term 1: S. H. Strogatz
Term 2: L. Ji

18.086 Mathematical Methods for
Engineers II
Prereq.: 18.03 or 18.034
G (1, 2, S)
3-0-9 H-LEVEL Grad Credit

Scientific computing: Fast Fourier Transform,
finite differences, finite elements, spectral
method, numerical linear algebra. Complex
variables and applications. Initial-value
problems: stability or chaos in ordinary differen-
tial equations, wave equation vs heat equa-
tion, conservation laws and shocks, dissipation
and dispersion. Optimization: network flows,
linear programming.
Term 1: F. Waleffe
Term 2: Staff

18.089 Review of Mathematics

Prereq.: -
G (S)
Units arranged

Reviews calculus and differential equations.
Primarily for students in Course XIII-A. Degree
credit allowed only in special circumstances.
Information: S. D. Friedman.

18.093 Tutoring in Mathematics

Prereq.: 18.02 or 18.021 or 18.024
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

For undergraduates who are teaching mathe-
matics recitation. Limited enrollment, based on
positions available. Permission must be
secured in advance to register for this subject.
Information: S. D. Friedman.

18.095 Mathematics Lecture Series

Prereq.: 18.01 or equivalent
U (IAP)
2-0-4 [P/D/F]
Can be repeated for credit

Ten lectures by mathematics faculty members
on interesting topics from both classical and
modern mathematics. All lectures accessible
to students with calculus background and an
interest in mathematics. At each lecture, read-
ing and exercises are assigned. Students
prepare these for discussion in a weekly prob-
lem session.
Information: S. D. Friedman.

18.098 Independent Activities

Prereq.: -
U (IAP)
Units arranged [P/D/F]
Can be repeated for credit

For undergraduates desiring credit for studies
or for special individual reading on an under-
graduate level on a P/D/F basis during IAP.
Specific programs and credit arranged in con-
sultation with individual faculty members and
subject to departmental approval.
Information: S. D. Friedman.
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18.099 Independent Activities

Prereq.: -
U (1, IAP, 2)
Units arranged
Can be repeated for credit

For undergraduates desiring credit for studies
during IAP or for special individual reading on
an undergraduate level during the regular
terms. Specific programs and credit arranged
in consultation with individual faculty members
and subject to departmental approval.
Information: S. D. Friedman.

Analysis

18.100 Analysis I
Prereq.: 18.03 or 18.034
U (1, 2)
3-0-9 (H except XVIII)

Two options offered, both covering fundamen-
tals of mathematical analysis: convergence of
sequences and series, continuity, differen-
tiability, Riemann integral, sequences and
series of functions, uniformity, interchange of
limit operations. Both options show the utility of
abstract concepts and teach understanding
and construction of proofs. Option A, offered
first term only, chooses less abstract defini-
tions and proofs, and gives applications where
possible. Option B is more abstract and for stu-
dents with more mathematical maturity. Places
greater emphasis on point-set topology.
18.100A: A. P. Mattuck
18.100B: Information: R. B. Melrose.

18.101 Analysis II
Prereq.: 18.100; 18.700 or 18.701
U (1)
3-0-9 (H except XVIII)
Continues 18.100, in the direction of manifolds
and global analysis. Differentiable maps, in-
verse and implicit function theorems, n-dimen-
sional Riemann integral, change of variables in
multiple integrals, manifolds, differential forms,
n-dimensional version of Stokes' theorem.
18.901 helpful but not required.
T. Hewett

18.103 Fourier Analysis - Theory and
Applications

Prereq.: 18.100
U (2)
3-0-9 (H except XVIII)

Continues 18.100. Roughly half the subject
devoted to the theory of the Lebesgue integral
with applications to probability, and half to
Fourier series and Fourier integrals.
V. W. Guillemin

18.104 Seminar in Analysis

Prereq.: 18.100
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current journals or books. Topics vary
from year to year.
Information: R. B. Melrose.

18.112 Introduction to Functions of a
Complex Variable

(18.284)
Prereq.: 18.03 or 18.034
U (1)
3-0-9 (H except XVIII)

A deeper and more extensive treatment of
complex variables than 18.04, with more chal-
lenging problems. Mathematical rigor is, how-
ever, not stressed. Branch points and branch
cuts. Cauchy's theorem, singularities,
residues, contour integrals, conformal map-
ping. Schwarz-Christoffel transformation,
analytic continuation, harmonic function, the
Mittag-Leffler theorem.
D. Grieser

18.115 Functions of a Complex Variable

Prereq.: 18.100
G (1)
3-0-9 H-LEVEL Grad Credit

Exponential and trigonometric functions,
Cauchy integral formula, holomorphic and
meromorphic functions. Infinite series and
products, the gamma function. Harmonic func-
tions, conformal mapping, Dirichlet's problem.
E. Getzler

18.116 Topics in Complex Variables

Prereq.: 18.115
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics vary from year to year. Typical topics:
introduction to Riemann Surface Theory, func-
tion-theoretic and geometric approaches to
Teichm ller theory.
S. Chang

18.117 Topics in Several Complex
Variables
Prereq.: 18.115, 18.125
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Pseudoconvex domains and plurisubharmonic
functions. Existence and approximation
theorems for holomorphic functions via L2 -
estimates for the 5-operator.
Information: V. W. Guillemin.

18.125 Measure and Integration

Prereq.: 18.100
G (1)
3-0-9 H-LEVEL Grad Credit

Introduction to Lebesgue integration, with em-
phasis on applications to analysis on
Euclidean space. Besides the standard
theorems of abstract measure theory, surface
measure and the divergence theorem are
covered.
D. W. Stroock

18.126 Functional Analysis

Prereq.: 18.125
G (2)
3-0-9 H-LEVEL Grad Credit

General theory of Hilbert and Banach spaces.
Examples, including Sobolev spaces and LP.
The Fourier transform. Boundedness and com-
pactness of operators. Spectral theory for self-
adjoint operators. Applications to linear partial
differential equations.
L. Ji

18.135 Geometric Analysis

Prereq.: 18.125
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Harmonic analysis on Rn. Radon transforms
and applications. Spherical harmonics. Non-
Euclidean Fourier analysis. Paley-Wiener type
theorems, group-theoretic potential theory.
Eigenfunctions, entire functionals, and hyper-
functions.
S. Helgason

18.152 Introduction to Partial Differential
Equations

Prereq.: 18.100
U (1)
3-0-9
Initial and boundary value problems for ordi-
nary differential equations. Sturm-Liouville
theory and eigenfunction expansions. Initial
value problems for the wave equation and
heat equation. The Dirichlet problem for
Laplace's operator and potential theory.
R. D. MacPherson

18.155 Distributions and Differential
Equations

Prereq.: 18.103
G (1)
3-0-9 H-LEVEL Grad Credit

Distributions, Schwartz space, tempered dis-
tributions, convolutions and regularizations,
Fourier transforms, Plancherel theorem,
Payley-Wiener theorem; L2 Sobolev spaces,
Sobolev embedding theorems, L2 elliptic
regularity, compactness theorems; fundamen-
tal solutions, and second-order elliptic
operators.
L. Ji
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18.156 Introduction to Microlocal
Analysis

Prereq.: 18.155, 18.965
G (1)
3-0-9 H-LEVEL Grad Credit

Examines singularities of distributions. Distribu-
tions singular across a submanifold, singular
points of ordinary differential equations, non-
characteristic boundary-value problems. Pseu-
dodifferential operators, regularity of elliptic
differential operators, wavefront set, and
microdistributions. Darboux's theorem. Hamil-
ton-Jacobi theory.
V. W. Guil/emin

18.157 Partial Differential Equations

Prereq.: 18.155, 18.156
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Analysis and geometry of linear and nonlinear
elliptic operators. Basic facts from Riemannian
geometry and elliptic partial differential equa-
tions; variational methods; real Monge-Ampbre
equations; global geometric problems as-
sociated with prescribing curvature.
Information: R. B. Melrose.

18.158 Topics in Differential Equations

Prereq.: 18.125
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Content varies from year to year. Topic for
1993-94: Singular integral operators.
D. S. Jerison

18.175 Theory of Probability

Prereq.: 18.125
G (2)
3-0-9 H-LEVEL Grad Credit

Ergodic theorems, laws of large numbers, con-
vergence of probability measures, central limit
theorems, stochastic processes, Brownian mo-
tion, martingales, strong Markov properties.
D. W. Stroock

18.177 Stochastic Processes

Prereq.: 18.175
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics in stochastic processes: processes with
independent increments, Wiener's measure,
and diffusion theory.
Information: D. W. Stroock.

18.199 Graduate Analysis Seminar

Prereq.: Permission of instructor
G (2)
3-0-21 H-LEVEL Grad Credit
Can be repeated for credit

Studies original papers in differential analysis
and differential equations. Intended for first-
and second-year graduate students. Permis-
sion must be secured in advance.
R. B. Melrose

18.238 Geometry and Quantum Field
Theory

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

An introductory subject in quantum field
theory. Topics for 1993-94 may include:
Lagrangian field theory and its relation to
symplectic mechanics, geometric quantization
of field theories, Feynman path integrals, per-
turbative renormalizability, gauge fixing, top
logical QFT axioms.
S. Axelrod

18.248 String Theory

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics include representation theory of infinite
dimensional algebras of geometric origin, semi-
infinite cohomology, differential equations on
modular spaces, braid and Teichmuller group
representations. Some familiarity with elemen-
tary algebraic geometry or representation
theory is helpful. Topics vary from year to year.
Information: A. A. Beilinson.

18.276 Mathematical Methods in
Physics

Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics vary from year to year. 1993-94: focus
on exactly solvable models in statistical
mechanics. Topics include: partition functions
in lattice models, the Ising model and other
two-dimensional lattice models, statistical
models associated with generalized root sys-
tems, the Bethe Ansatz, and the Yang-Baxter
equations.
V. W Gul/emin

Applied Mathematics

18.303 Linear Partial Differential Equations

Prereq.: 18.03 or 18.034
U (1)
3-0-9
Introduces classical partial differential equa-
tions of applied mathematics: diffusion,
Laplace/Poisson, and wave equations. Discus-
sion of their origins and use in discrete random
walks, heat conduction, potential theory, and
waves of small amplitude arising in many
areas of science and technology. Methods of
solution emphasize separation of variables,
Fourier series and transforms, Sturm-Liouville
eigenvalue problems, and the cause-and-ef-
fect insights provided by Green's functions.
18.04 or 18.112 useful.
D. Z. Freedman

18.305 Methods of Applied
Mathematics I

Prereq.: 18.04 or 18.075 or 18.112
G (1)
3-0-9 H-LEVEL Grad Credit

18.306 Methods of Applied
Mathematics I
Prereq.: 18.04 or 18.075 or 18.112
G (2)
3-0-9 H-LEVEL Grad Credit

A comprehensive treatment of the advanced
methods of applied mathematics. Term 1:
asymptotic behavior of ordinary differential and
difference equations; asymptotic evaluation of
integrals; regular and singular perturbation
methods; boundary-layer techniques; WKB
method; multiple scales. Term 2: partial dif-
ferential equations; transform methods; charac-
teristics, initial and boundary-value problems;
Green's functions; singular perturbation
problems; nonlinear wave propagation.
18.305: H. Cheng
18.306: R. R. Rosales

18.307 Methods of Applied
Mathematics Ill

Prereq.: 18.04 or 18.075 or 18.112
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Selection of material from the following topics:
calculus of variations (the first variation and
the second variation); integral equations (Vol-
terra equations; Fredholm equations, the Hil-
bert-Schmidt theorem); the Hilbert Problem
and singular integral equations of Cauchy
type; Wiener-Hopf Method and partial differen-
tial equations; Wiener-Hopf Method and in-
tegral equations; group theory.
Information: H. Cheng.
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18.308 Wave Motion

Prereq.: 18.305
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics selected according to interests of stu-
dents and lecturer. Possible topics: 1) disper-
sive waves: modulation and average
Lagrangian, group speed, wave action; 2) non-
linear geometrical optics: single and multiple
phase waves, caustics, resonant interaction;
3) hyperbolic waves: characteristics, shocks,
focusing, and reflection; 4) solitons, inverse
scattering, complete integrability; 5) reacting
gas dynamics: flames and detonations, acous-
tic interactions; 6) numerical methods for hy-
perbolic conservation laws.
R. R. Rosales

18.310 Principles of Applied Mathematics

Prereq.: 18.02 or 18.021 or 18.024
U (1)
3-0-9
Study of illustrative topics in discrete applied
mathematics including sorting algorithms, infor-
mation theory, coding theory, secret codes,
generating functions, linear programming,
game theory.
J. G. Propp

18.311 Principles of Applied Mathematics

Prereq.: 18.03 or 18.034
U (2)
3-0-9
Introductory survey of fundamental concepts in
applied mathematics: propagation, stability,
equilibrium, optimization. This independent
half of the complete sequence emphasizes the
ideas and topics that relate to a "continuous"
mathematical approach: diffusion, waves, in-
stabilities, characteristics, and first-order par-
tial differential equations, with applications to
traffic problems, fluid flow, physics, and biol-
ogy.
S. H. Strogatz

18.312 Algebraic Combinatorics

Prereq.: 18.702 or 18.703
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9
Applications of linear algebra, group theory,
and commutative rings to combinatorics.
Topics include matching theory and extremal
set theory, the matrix tree theorem, enumera-
tion under group action, coding theory, cover-
ings and tilings, transfer matrices, and magic
squares. No prior knowledge of combinatorics
is assumed, though 18.314 is helpful.
Information: R. P. Stanley.

18.313 Probability

Prereq.: 18.02 or 18.021 or 18.024
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
4-0-8
Credit cannot also be received for 18.440

Development of theory and applications of
probabilistic concepts for scientists and en-
gineers. Emphasizes formulation and solution
of probabilistic problems by the algebra of ran-
dom variables. Topics: sample space, Bernoul-
li and Poisson processes, uniform process,
generating functions and Laplace transforms,
discrete and continuous-parameter Markov
chains. Introduces the Central Limit Theorem
and the foundations of probability. 18.313 and
18.440 may not both be taken for credit.
Information: G.-C. Rota.

18.314 Combinatorial Analysis

Prereq.: 18.02 or 18.021 or 18.024
U (2)
3-0-9
Combinatorial problems and methods for their
solution. Enumeration, generating function
techniques, and construction of bijections. Ad-
ditional topics drawn from graph theory, match-
ings and network flows, partial orders,
permutation groups and Polya theory. Prior ex-
perience with abstraction and proofs helpful.
D. J. Kleitman

18.315 Combinatorial Theory

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Content varies from year to year. Topic for
1993-94: partially ordered sets.
R. P. Stanley

18.316 Seminar in Combinatorics

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Content varies from year to year. Readings
from current research papers in combinatorics.
Topics to be chosen and presented by the
class.
D. J. Kleitman

18.318 Topics in Combinatorics

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Content varies from year to year. Topics
chosen from applications of algebra to com-
binatorics.
G.-C. Rota

18.325 Topics in Applied Mathematics

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Selected topics in discrete and continuous ap-
plied mathematics. Topics vary from year to
year.
Information: A. Toomre.

18.330 Introduction to Numerical Analysis

Prereq.: 18.03 or 18.034
U (2)
3-0-9
Introduces basic techniques for efficient solu-
tion of numerical problems in science and en-
gineering. Root finding, integration, function
approximations, differential equations, direct
and iterative methods in matrix theory,
analysis of numerical stability.
K. Short

18.335 Numerical Methods of Applied
Mathematics I

Prereq.: 18.03, 18.06, or equivalents
G (1)
3-0-9 H-LEVEL Grad Credit

18.336 Numerical Methods of Applied
Mathematics 11

Prereq.: 18.330, 18.335, or equivalents
G (2)
3-0-9 H-LEVEL Grad Credit

Advanced introduction to theory and applica-
tion of numerical methods. Term 1: Fundamen-
tal methods for various problems including
linear equations, quadrature, nonlinear equa-
tions, matrix eigenvalues, Fourier transforms,
and ordinary differential equations. Term 2:
numerical solution of differential equations,
especially of time-dependent partial differential
equations by finite-difference and spectral
methods, together with the associated theory
of accuracy, stability, and convergence.
18.335: A. Toomre
18.336: F Waleffe

18.337 Parallel Scientific Computing
(New)

Prereq.: 18.330, 18.335 or equivalents
G (2)
3-0-9 H-LEVEL Grad Credit

Advanced interdisciplinary introduction to
modern scientific computing on parallel super-
computers. Sample applications may include
particle simulations, linear algebra, quantum
mechanics, and global climate modeling or
other large systems of PDEs. Covers architec-
tures, software systems, parallel algorithms,
and applications with hands-on emphasis on
understanding the realities and myths of what
is possible on the world's fastest machines.
A. Edelman



18.354 Fluid Mechanics

Prereq.: 18.04 or 18.075
U (1)
3-0-9 (H except XVIII)

Study of the basic concepts and laws of fluid
dynamics. Very viscous flow, motion of micro-
organisms, thin flows, lubrication. Inviscid flow,
classical airfoil theory, vortex motion, hovering
insects. Surface waves. Finite amplitude
waves in shallow water. Introduction to bound-
ary layers and instabilities.
F. Waleffe

18.355 Fluid Mechanics

Prereq.: 18.354, 12.800, 2.25, 16.121 or
equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Compact reviews of linear theories in fluid
dynamics: boundary layers; instability; wave
theory; and hydromagnetics. Foundations of
non-linear studies in shear flow, convection,
and vortex waves. Preparation for the more ad-
vanced fluid subjects 18.308, 18.356, and
18.358.
W. V. R. Malkus

18.356 Rotating Fluids

Prereq.: 18.305, 18.354
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

General theory of rotating fluids; transient
flows; boundary layers, nonlinear interactions;
wave motion, stability theory. Application to
technological problems. Centrifugal separation
of mixtures.
Information: H. P. Greenspan.

18.357 Seminar in Fluid Dynamics

Prereq.: 18.355
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Nonlinear phenomena in fluid flow, especially
stability and wave mechanics. Current topics
of research interest. Emphasis varies from
year to year.
Information: W. V. R. Malkus.

18.358 Hydrodynamic Stability and
Turbulence

Prereq.: 18.354
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Linear stability theory of incompressible and
compressible flows. Nonlinear stability theory;
modes of transition, the advent of aperiodicity.
Upper-bound and statistical theories of tur-
bulence. Statistical stability and the turbulent
transport of heat and momentum. Properties of
convection and shear turbulence.
W. V. R. Malkus

18.385 Nonlinear Dynamics and Chaos

Prereq.: 18.03 or 18.034
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduces nonlinear dynamics, with applica-
tions to physics, engineering, and biology. Em-
phasizes analytical methods, examples, and
geometric thinking. Topics: bifurcations, phase
plane. Nonlinear oscillators: pendulum, phase
model, van der Pol, Duffing. Perturbation and
averaging theory. Nonlinear phenomena:
hysteresis and phase-locking. Coupled oscil-
lators in biology and physics. Center manifold
theory. Chaos: Lorenz model, iterated map-
pings, period doubling, renormalization.
S. H. Strogatz

18.386 Advanced Nonlinear Dynamics and
Chaos

Prereq.: 18.385 or a solid background in non-
linear dynamics
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Topics: chaos in forced oscillators; Hamil-
tonian chaos; 2-D maps; homoclinic tangles;
Melnikov's method; strange attractors. Applica-
tions to biology and physics.
Information: S. H. Strogatz.

18.395 Group Theory with Applications to
Physics

Prereq.: 18.305 or 8.321
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Selection of topics from the theory of finite
groups, Lie groups, and group repre-
sentations, presented with some applications
to quantum mechanics and particle physics.
Information: D. Z. Freedman.

18.396 Topics in Theoretical Physics

Prereq.: 8.20, 6.017
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Emphasizes major points of theoretical
physics. For students who want to understand
fully the fundamentals, not just to know for.-
mulae and terminology. No advanced back-
ground beyond quantum mechanics and
special relativity required. Topics include: ac-
tion principle in classical mechanics, classical
fields, symmetry and groups, canonical quan-
tization, path integrals, gauge field theories,
quantum electrodynamics, quantum
chromodynamics, weak interaction and the
Weinberg-Salam model, renormalization, and
the theory of gravitation.
Information: A. Toomre.
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Theoretical Computer
Science

18.400J Automata, Computability, and
Complexity

(Same subject as 6.045J)
Prereq.: 18.063 or 18.310
U (2)
4-0-8

See description under subject 6.045J.
N. A. Lynch

18.404J Theory of Computation

(Same subject as 6.840J)
Prereq.: 18.310 or 18.063
G (1)
4-0-8 (H except XVIII)
A more extensive and theoretical treatment of
the material in 6.045J/18.400J, emphasizing
computability and computational complexity
theory. Regular and context-free languages.
Decidable and undecidable problems,
reducibility, recursive function theory, Kol-
mogorov complexity. Time and space
measures on computation, completeness,
hierarchy theorems. inherently complex
problems, probabilistic computation, interactive
proof systems.
M. Sipser

18.405J Advanced Complexity Theory

(Same subject as 6.841J)
Prereq.: 6.840J/18.404J
G (2)
3-0-9 H-LEVEL Grad Credit

Current research topics in computational com-
plexity theory. Nondleterministic, alternating,
probabilistic, and parallel computation models.
Boolean circuits. Complexity classes and com-
plete sets. The polynomial-time hierarchy. In-
teractive proof systems. Relativization.
Definitions of randomness. Interactive proof
systems and probabilistically checkable proofs.
Approaches to the P = NP? and related ques-
tions.
M. Sipser

18.406 Concrete Complexity Theory

Prereq.: 18.404J/6.840J
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

A combinatorial treatment of complexity theory
through concrete models of computation.
Topics include communication complexity,
decision trees, branching programs, algebraic
computation, time-space tradeoffs, random-
ness as a resource, circuit complexity, etc.
M. Karchmer
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18.409 Topics in Theoretical Computer
Science

Prereq.: Permission of instructor
G (1, 2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Study of an area of current interest in theoreti-
cal computer science. Topic varies from term
to term. Topics for 1993-94: Term 1: Scientific
computing. Provides students with methods
and knowledge from computer science and
mathematics for solving large-scale scientific
computing problems with emphasis on algo-
rithmic techniques. Term 2: computational biol-
ogy.
Term 1: S.-H. Teng
Term 2: B. Berger

18.410J Introduction to Algorithms

(Same subject as 6.046J)
Prereq.: 6.001; 18.310 or 18.063
U (1, 2)
4-0-8

See description under subject 6.046J.
Term 1: B. Berger
Term 2: M. Karchmer

18.414J Theory of Algorithms

(Same subject as 6.851J)
Prereq.: 18.06 or 18.700; 18.310 or 18.063
U (2)
3-0-9 (H except XVIII)

Techniques for design and analysis of algo-
rithms, emphasizing mathematical methods
and proofs. Proof-oriented version of 6.046J/
18.410J. Topics: Data structures, sorting,
selection, hashing. Solving recurrences. Upper
and lower bounds. Dynamic programming.
Divide and conquer. Graph algorithms: span-
ning trees, matching, shortest paths, max flow.
Matrix operations. Fast Fourier transform. In-
teger and polynomial arithmetic. Permutation
group membership. Primality testing. Linear
programming. Parallel algorithms.
C. E. Leiserson

18.415J Advanced Algorithms

(Same subject as 6.854J)
Prereq.: 18.414J/6.851J; 18.06 or 18.700
G (1)
3-0-9 H-LEVEL Grad Credit

Continuation of 18.414J/6.851J, emphasizing
fundamental algorithms and advanced
methods of algorithmic design and analysis.
Advanced graph algorithms (matching min-
cost flow problems). On-line algorithms. Inte-
rior point method for linear programming.
Approximation algorithms. Basis reduction in
lattices with applications.
M. Goemans

18.419 Seminar in Theoretical Computer
Science

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

A seminar on advanced topics in theoretical
computer science. Current literature presented
by students and instructors with a view toward
preparing students for research in theoretical
computer science, and for developing the skills
needed to present such results effectively.
M. Sipser

18.421 Algorithmic Algebra and Number
Theory

Prereq.: 18.310 or 18.063 or 18.701 or 18.703
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9

Review of basic concepts and methods of com-
plexity theory. Existence and construction of ef-
ficient algorithms for classical problems in
algebra, number theory, and logic. Integer and
polynomial GCD computation, algebraic proce-
dures in modular arithmetic, primality testing,
factorization of polynomials over the rationals,
structures and algorithms of recursion theory.
Alternate years.
H. Rogers, Jr.

18.423J Computability, Logic, and
Programming

(Same subject as 6.044J)
Prereq.: 18.063 or 18.310
U (1)
3-0-9

See description under subject 6.044J.
A. R. Meyer

18.425J Cryptography and
Cryptanalysis

(Same subject as 6.875J)
Prereq.: 6.046J/1 8.41 OJ or 6.851J/1 8.414J or
18.42 1
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.875J.
S. Micali

18.426J Advanced Topics in
Cryptography

(Same subject as 6.876J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

See description under subject 6.876J.
S. Micali

18.427J Program Semantics and
Verification

(Same subject as 6.830J)
Prereq.: 6.821, 6.044J/18.423J or
6.045J/18.400J or 6.840J/18.404J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 6.830J.
A. R. Meyer

18.428J Machine Learning

(Same subject as 6.858J)
Prereq.: 6.034; 6.041 or 6.045 or equivalents
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.858J.
R. L. Rivest

18.433 Combinatorial Optimization and
Linear Programming

Prereq.: 18.06 or 18.700, 18.310
U (2)
3-0-9

A thorough treatment of linear programming
theory, Dantzig's simplex method, and duality
theory. Matroid optimization, the assignment
problem, the maximum flow problem. Ap-
proximation algorithms for combinatorial op-
timization. Ellipsoid method and its
implications for combinatorial optimization.
Polyhedral approaches to NP-complete
problems.
M. Goemans

18.435J Theory of Parallel and VLSI
Computation

(Same subject as 6.848J)
Prereq.: 6.046J/1 8.41 OJ or 6.851J/1 8.414J
G (1)
3-0-9 H-LEVEL Grad Credit

Introduces parallel computation and very large
scale integration. Design and analysis of sys-
tolic algorithms for routing, sorting, arithmetic,
and graph problems on arrays, trees, hyper-
cubes, and other fixed-connection networks.
Network transformations, broadcast simula-
tion, retiming. Packet routing and nonblocking
networks. Mathematical models of hardware.
Lower bounds, P-completeness, area-time
trade-offs. Layout, placement, routing. 3-D
models, volume/area universal networks, fat-
trees. Parallel programming on a connection
machine. Survey of other parallel architectures.
F. T. Leighton
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18.436J Advanced Parallel and VLSI
Computation

(Same subject as 6.849J)
Prereq.: 18.435J/6.848J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Advanced topics in theory of parallel computa-
tion and very large scale integration. Parallel
matching and related graph problems.
Methods for removing randomness from algo-
rithms. Automatic parallelization of straight-line
code. AKS, columnsort, and universality. Pack-
et routing. Fault tolerance. Network embed-
ding problems. Network simulations. Current
research topics. Alternate years.
Information: F. T. Leighton.

18.437J Distributed Algorithms

(Same subject as 6.852J)
Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 6.852J.
N. A. Lynch

Applied Mathematics:
Statistics

18.440 Probability and Random Variables

Prereq.: 18.02 or 18.021 or 18.024
U (1, 2)
4-0-8
Credit cannot also be received for 18.313

Topics in applications. Probability spaces, ran-
dom variables, distribution functions, expected
value. Binomial, geometric, hypergeometric,
Poisson distributions. Uniform, exponential,
normal, gamma and beta distributions. Mean,
variance, moments, and generating functions.
Conditional probability, Bayes theorem, joint
distributions, and distributions of transformed
random variables. Tchebychev inequality, law
of large numbers, and central limit theorem.
18.440 and 18.313 may not both be taken for
credit.
Term 1: R. M. Dudley
Term 2: D. W. Stroock

18.441 Statistical Inference

Prereq.: 18.440 or 18.313 or 6.041
U (2)
3-0-9 (H except XVIII)
Reviews probability and introduces statistical
inference. Point and interval estimation. The
maximum likelihood method. Hypothesis test-
ing. Likelihood-ratio tests and Bayesian
methods. Comparison of populations by non-
parametric methods. Analysis of variance,
regression analysis and correlation. Chi-
square goodness of fit tests. Sequential
analysis if time permits. More theoretical than
18.443 and more detailed in its treatment of
statistics than 18.05.
S. Fomin

18.443 Statistics for Applications

Prereq.: 18.440 or 18.313 or 6.041
U (1)
3-0-9 (H except XVII1)
A broad treatment of statistics, concentrating
on specific statistical techniques used in
science and industry. Topics: hypothesis test-
ing and estimation. Chi-square goodness of fit,
regression, correlation, time-series analysis,
analysis of variance and experimental design.
Treatment more oriented toward application
and less toward theory than 18.441.
G. M. Ljung

18.445 Introduction to Stochastic
Processes

Prereq.: 18.313 or 18.440 or 6.041
G (2)
3-0-9 H-LEVEL Grad Credit

Introduces the theory and application of
stochastic processes. Empirical phenomena
for which stochastic processes provide
models. Markov-chains. Markov processes.
Renewal theory. Semi-Markov processes.
Queueing theory and Brownian motion.
G.-C. Rota

18.446 Applied Time-Series Analysis

Prereq.: 15.075 or 18.441 or 18.443
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Statistical methods commonly used to analyze
time series. Topics: estimation of trends and
seasonal components. Autocorrelation and
stationarity. Models for stationary series.
ARIMA models. Model specification,
parameter estimation, and model checking.
Forecasting. Seasonal time series models. In-
tervention analysis and outlier detection.
Fourier analysis and estimation of the
spectrum. Cross-correlation and bivariate time
series models. Analysis of multiple time series.
Information: G. M. Ljung.

18.454 Sampling, Simulation, and
Monte Carlo

Prereq.: 18.440 or 18.313 or 6.041
G (1)
3-0-9 H-LEVEL Grad Credit

Introduction to principles and techniques of
sampling for the purpose of a survey. Includes
simple random sampling, stratified sampling,
systematic sampling, and cluster sampling. Dis-
cussion of statistical background of Monte
Carlo methods and simulation - prominent
parts of experimental mathematics with wide
applicability. Includes variance reduction, con-
ditional Monte Carlo, control variates, antithetic
variates, regression methods, Monte Carlo op-
timization, application to statistical inference
problems.
M. Matthews

18.455 Design and Analysis of
Experiments

Prereq.: 18.06, 15.075 or 18.441 or 18.443
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Simple comparative experiments and the one-
way classification analysis of variance
(ANOVA). Randomized blocks and two-way
factorial designs. Latin squares and incom-
plete block designs. Analysis of variance for
factorial and block designs. Diagnostic check-
ing of analysis of variance models. 2 k and 3k

factorial designs. Fractional factorial designs.
Regression analysis, and analysis of
covariance. Response surface methodology,
and central composite designs. Taguchi's con-
tributions.
G. M. Ljung

18.456J Applied Multivariate Methods

(Same subject as 15.079J)
Prereq.: 18.06, 15.075 or 18.441 or 18.443
G (2)
3-0-9 H-LEVEL Grad Credit

Theory and application of commonly used tech-
niques involving multivariate data. Attention
devoted to specific applications, and to com-
putational facilities for applying the methods.
Selects topics from the following: multivariate
regression, discriminate analysis, and pattern
classification. Cluster analysis, factor analysis,
and principal components. Multidimensional
scale analysis. Contingency tables.
M. Matthews

18.458 Robust Statistics and
Nonparametric Methods

Prereq.: 15.075 or 18.441 or 18.443; 18.440
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Overview of robust statistical theory, including
asymptotic minimax, infinitesimal (bounded-
influence) aspects, robust covariances, and
robust regression. Nonparametric methods
that give useful and valid results under a very
wide class of underlying distributions - par-
ticularly useful for social scientists and
biologists. Topics: Wilcoxon test, sign test,
Wilcoxon-Mann-Whitney test, U-statistics
theorems, optimal linear rank tests, Kruskal-
Wallis test, rerandomization tests.
Information: R. M. Dudley.

18.465 Topics in Statistics

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics selected from recent literature.
Information: M. Matthews.
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18.466 Mathematical Statistics

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Decision theory, estimation, confidence inter-
vals, hypothesis testing. Introduces large
sample theory. Asymptotic efficiency of alterna-
tive statistical procedures. Sequential analysis,
empirical Bayes methods.
R. M. Dudley

For additional related subjects in Statistics,
see:

Civil and Environmental Engineering: 1.03,
1.06, 1.101J, 1.151, 1.155, 1.202, 1.203J,
1.205, and 1.732

Electrical Engineering and Computer
Science: 6.040, 6.041, 6.231, 6.234J, 6.262,
6.264J, 6.430, 6.431, 6.432, and 6.435

Management: 15.034, 15.036, 15.061,
15.065, 15.070, 15.074, 15.075, 15.076,
15.078, 15.098, 15.306, and 15.832

Mathematics: 18.05, 18.175, 18.177, 18.313,
18.440, 18.441, 18.443, 18.445, 18.446,
18.454, 18.455, 18.456J, 18.458, 18.465, and
18.466

See also: 2.061, 2.830, 2.870, 5.70, 5.72,
7.02, 8.044, 8.08, 10.816, 11.220, 11.221,
16.322, 17.842, 17.846, 22.38, 22.40,
HST 191, and MAS 622.

Logic

18.504 Seminar in Logic

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9
Seminar for mathematics majors. Students
present and discuss the subject matter taken
from current journals or books. Topics vary
from year to year.
Information: S. D. Friedman.

18.510 Introduction to Mathematical Logic
and Set Theory

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
Credit cannot also be received for 18.511

Zermelo-Fraenkel set theory. Ordinals and car-
dinals. Axiom of choice and transfinite induc-
tion. Propositional and predicate logic.
Elementary model theory: completeness, com-
pactness, and Lowenheim-Skolem theorems.
Gddel incompleteness theorem. This subject
introduces logic and set theory as a foundation
for mathematics, and is especially recom-
mended to students enrolled in theoretical
mathematics subjects. 18.510 and 18.511 are
offered in alternate years; they may not both
be taken for credit.
Information: S. D. Friedman.

18.511 Introduction to Mathematical Logic
and Recursion Theory

Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9
Credit cannot also be received for 18.510

Propositional and predicate logic. Elementary
model theory: completeness, compactness,
and Lowenheim-Skolem theorems. Elemen-
tary recursion theory: enumeration and recur-
sion theorems. Post's Problem. G6del
incompleteness theorem. 18.511 and 18.510
are offered in alternate years; they may not
both be taken for credit.
G. E. Sacks

18.515 Mathematical Logic

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

First-order logic. Compactness and
ultraproducts. Lowenheim-Skolem theorems
and categoricity. Quantifier elimination. Recur-
sively enumerable sets and definability in arith-
metic. Incompleteness and undecidability.
S. D. Friedman

18.535 Graduate Logic Seminar

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Students report on fundamental papers in
mathematical logic. Open to all graduate stu-
dents with an interest in logic. Topics vary from
year to year.
Information: S. D. Friedman.

18.565 Recursion Theory

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Topics in recursion theory chosen from priority
arguments, hyperarithmetic theory, ordinal
recursion, E-recursion, theory of projective
sets. A previous subject in logic recommended
but not required.
G. E. Sacks

18.575 Model Theory

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Topics in model theory chosen from stability
theory, 0-minimal structures, model-theoretic
algebra, models of arithmetic.
Information: E. Hrushovski.

18.585 Set Theory

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Topics in set theory chosen from large car-
dinals, combinatorial set theory, forcing,
descriptive set theory, fine structure theory. A
previous subject in logic recommended but not
required.
S. D. Friedman

Algebra and Number
Theory

18.700 Linear Algebra

Prereq.: 18.02 or 18.021 or 18.024
U (1)
3-0-9 REST
Credit cannot also be received for 18.06

A rigorous treatment of linear algebra, includ-
ing vector spaces, systems of linear equations,
bases, linear independence, matrices, deter-
minants, eigenvalues, inner products, quad-
ratic forms, and canonical forms of matrices.
Compared with 18.06, more emphasis on
theory and proofs. 18.06 and 18.700 may not
both be taken for credit.
F. P. Peterson
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18.701 Algebra I

Prereq.: -
U (1)
3-0-9
18.702 Algebra II
Prereq.: 18.701
U (2)
3-0-9
More extensive and theoretical than the
18.700-18.703 sequence. Experience with
proofs helpful. First term: group theory,
geometry, and linear algebra. Second term:
rings and fields - ideals, polynomial rings, fac-
torization, modules, Jordan form for matrices,
extension fields, Galois theory.
M. Artin

18.703 Modern Algebra

Prereq.: 18.02 or 18.021 or 18.024
U (2)
3-0-9
A one-term treatment, covering the traditional
algebra topics that have found greatest ap-
plication in science and engineering as well as
in mathematics: group theory, emphasizing
finite groups; ring theory, including ideals,
unique factorization in polynomial and
Euclidean rings; field theory, including proper-
ties and applications of finite fields. 18.700 and
18.703 together form a standard algebra se-
quence.
V. Kae

18.704 Seminar in Algebra and Number
Theory

Prereq.: One subject in linear algebra and
some experience with proofs
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9
Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current journals or books. Topics may
vary from year to year. Topic for 1993-94: In-
troduction to ideals, varieties, and algorithms.
S. Kleiman

18.705 Commutative Algebra

Prereq.: 18.701-18.702 or 18.700-18.703
G (1)
3-0-9 H-LEVEL Grad Credit

Basic topics in commutative algebra, with a
brief introduction to categorical ideas and
homological algebra. Modules, localization,
noetherian rings, finiteness properties, dimen-
sion theory.
S. Kleiman

18.706 Noncommutative Algebra

Prereq.: 18.705
G (2)
3-0-9 H-LEVEL Grad Credit

Wedderburn theory, Artinian algebras, tensor
products, cohomology, central simple al-
gebras, Jacobson density theorem, double
centralizer theorem, Noether-Skolem theorem,
Brauer groups, Galois cohomology, crossed
product algebras, division algebras over local
fields.
T. Hewett

18.712 Mathematical Theory of Fullerene
(New)

Prereq.: 18.700 or 18.703 or 18.701
U (1)
3-0-9
The icosahedral symmetry of the recently dis-
covered third form of carbon (Fullerene) allows
the use of higher symmetry groups and their
representations in understanding the rather
spectacular properties of this material. Ful-
lerene exhibits superconductivity, ferromag-
netism, etc. Discussion of mathematical
models which describe and predict these
remarkable properties. The mathematics in-
volved are the symmetry groups of the
Platonic solids, character theory, graph theory
and adjacency matrices, and eigenvalue
problems.
B. Kostant

18.715 Topics in Homological Algebra

Prereq.: 18.705 or 18.905
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Homological algebra from an elementary level,
oriented towards applications in algebraic
topology and group cohomology theory.
Develops techniques needed for homological
computations, including the bar construction
and related simplicial methods, spectral se-
quences, Massey products, and algebraic
Steenrod operations.
N. Strickland

18.725 Algebraic Geometry

Prereq.: 18.705
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Introduces algebraic geometry. Centered
around the basic techniques of the subject, in-
cluding the theory of schemes, sheaf cohomol-
ogy, and the Riemann-Roch theorem for
curves.
Information: D. A. Vogan.

18.727 Topics in Algebraic Geometry

Prereq.: 18.725
Acad Year 1993-94: G (1, 2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics vary from year to year. Term 1: Mori
theory - bi-rational classification of algebraic
threefolds. Review of complex surfaces.
"Mori's Program": vanishing theorems; the
cone of curves; contractions of extremal rays;
canonical and terminal singularities; cone
theorem; flips and flops (without proof of exist-
ence). Term 2: Vertex operators and mirror
symmetry. Algebraic structures arising in
super-symmetric two-dimensional quantum
field theories. Supergeometries, vertex al-
gebras, Wiener and Feynman path integrals.
Term 1: D. Abramovich
Term 2: Yu. /. Manin

18.735 Topics in Algebra

Prereq.: 18.702 or 18.703
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics in quantum groups. Quantum calculus.
Quantized coordinate rings and enveloping al-
gebras. Representation theory of quantum
groups. Applications.
V. Ka6

18.737 Quantum Groups
(Revised Content)
Prereq.: 18.705
G (2)
3-0-9 H-LEVEL Grad Credit

Main objective is the construction of semi-
simple groups and their generalization, the
quantum groups, via the theory of quivers. No
preliminaries in Lie groups or Lie algebras re-
quired. Good background in abstract algebra
useful.
G. Lusztig

18.745 Introduction to Lie Algebras

Prereq.: 18.701 or 18.703
G (1)
3-0-9 H-LEVEL Grad Credit

Emphasizes theory of Lie algebras and al-
gebraic aspects of Lie theory. Structure of
finite-dimensional Lie algebras; Engel and Lie
theorems, Cartan subalgebras, Cartan
criterion. Structure and classification of semi-
simple Lie algebras. Lie algebra cohomology;
Weyl and Levi theorems. Finite-dimensional
representations of semi-simple Lie algebras,
Weyl character formula. Verma modules.
C. Conley
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18.747 Infinite-dimensional Lie Algebras

Prereq.: 18.745
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Representation theory of affine algebras and
superalgebras and of superconformal al-
gebras. Character formulas and their applica-
tions to combinatorics and number theory.
Vertex operators and their relation to confor-
mal field theory. Semi-infinite cohomology.
V. Kad

18.755 Introduction to Lie Groups

Prereq.: 18.100, 18.700
G (1)
3-0-9 H-LEVEL Grad Credit

A general introduction to manifolds and Lie
groups. The role of Lie groups in mathematics
and physics. The exponential mapping. Cor-
respondence with Lie algebras. Homogeneous
spaces and transformation groups. Adjoint rep-
resentation. Compact Lie groups. Structure
theory and elementary representation theory.
S. Helgason

18.756 Analysis on Lie Groups

Prereq.: Elementary knowledge of Lie groups
and manifold theory
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Symplectic geometry, Hamiltonian mechanics,
and the Poisson structure. Hamilton-Jacobi
theory, Lagrangian systems, and foundations
of mathematical physics. Lagrangian sub-
manifolds, caustics, and the Maslov class.
Completely integrable systems and conserva-
tion laws (Toda, Calogero, rigid body,
geodesic flow, Keplerian orbits, harmonic oscil-
lator). Coadjoint orbits and the moment map.
Geometric quantization (prequantization, quan-
tum line bundle and polarizations), Borel-Weil-
Bott, Stone-von Neuman, and the metaplectic
representation.
Information: D. A. Vogan.

18.757 Representations of Lie Groups

Prereq.: 18.755
G (1)
3-0-9 H-LEVEL Grad Credit

An introduction to representation theory of lo-
cally compact groups, with emphasis on com-
pact groups and abelian groups. Peter-Weyl
theorem and Cartan-Weyl highest weight
theory for compact Lie groups.
B. Kostant

18.758 Representations of Lie Groups

Prereq.: 18.757
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduction to unitary representations of semi-
simple Lie groups: compact groups and the
Borel-Weil theorem; parabolic induction; Zuck-
erman construction; unipotent representations.
B. Kostant

18.769 Topics in Lie Theory

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Loop groups, Kac-Moody Lie algebras, and af-
fine Weyl groups. The fundamental
homogeneous space.
R. D. MacPherson

18.775 Algebraic Number Theory

Prereq.: 18.702
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

18.776 Algebraic Number Theory

Prereq.: 18.775
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Number fields, rings of integers, functional
ideals, finiteness of class groups, Dirichlet unit
theorem, cyclotomic fields, quadratic
reciprocity law.
18.776: A. A. Beilinson

18.781 Theory of Numbers

Prereq.: 18.701 or 18.703
U (1)
3-0-9
Divisibility and p-adic numbers; arithmetic of
real numbers, Diophantine equations and ex-
ponential sums. The problems of computation-
al complexity stressed.
Yu. /. Manin

18.785 Analytic Number Theory

Prereq.: 18.115
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Zeta and L-functions for number fields.
Chebatorev density theorem. Explicit formulas.
Automorphic L-functions and Langlands cor-
respondence.
Information: A. A. Beilinson.

18.786 Topics in Number Theory

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Content varies from year to year. Topic for
1993-94: Polylogarithms in arithmetic and
geometry. Borel regulators; proof of Zagier's
conjecture on (F(S) for s=2,3; volumes and i-
invariants of hyperbolic manifolds; mixed Tate
motives and motivic Galois groups; funny (-
numbers, Knizhnik-Zamolodchikov equation
and an explicit construction of the Grothen-
dieck-TeichmOller group.
A. Goncharov

18.787 Diophantine Geometry

Prereq.: 18.725, 18.775
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics vary from year to year. Diophantine
equations over finite fields, Weil zeta function,
applications to linear codes. Diophantine equa-
tions over number fields, heights, introduction
to Arakelov geometry. Zeta functions and mo-
tives, values at integral points, K-theory, and
polylogarithms. Modular forms.
Information: Yu. 1. Manin.

18.795 Multilinear Algebra
Prereq.: 18.700 or 18.701 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Intensive introduction to the basic concepts of
multilinear algebra that are required for the fur-
ther study of combinatorics, topology, al-
gebraic topology, and Lie theory. Tensor
algebras, exterior algebra, Clifford algebra, rep-
resentations of the symmetric and general
linear group, finer theory of Young sym-
metrizers, basic notions of Hopf algebra, intro-
duction to supersymmetric algebra.
Information: G.-C. Rota.

Topology and Geometry

18.901 Introduction to Topology

Prereq.: 18.100
U (1, 2)
3-0-9 (H except XVII)

Introduces topology, covering topics fundamen-
tal to modern analysis and geometry. Topologi-
cal spaces, connectedness, compactness,
continuous functions, separation axioms, func-
tion spaces. Metrization theorems, the
Tychonoff theorem. Topological groups.
Term 1: N. Strickland
Term 2: F. P. Peterson

18.904 Seminar in Topology

Prereq.: 18.901
U (2)
3-0-9
Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current journals or books. Topics may
vary from year to year. Topics for 1993-94:
fundamental groups, classification of covering
spaces, higher homotopy groups.
M. J. Hopkins
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18.905 Algebraic Topology

Prereq.: 18.702 or 18.705; 18.901
G (1)
3-0-9 H-LEVEL Grad Credit

18.906 Algebraic Topology

Prereq.: 18.905
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamental group, covering spaces, simpli-
cial homology, simplicial approximation
manifolds. Homology and cohomology of
topological spaces, universal coefficient
theorem, plus additional topics to be chosen
by the instructor.
J. R. Munkres

18.915 Graduate Topology Seminar

Prereq.: 18.906
G (1)
3-0-21 H-LEVEL Grad Credit

Study and discussion of important original
papers in the various parts of algebraic and dif-
ferential topology. Open to all students who
have had 18.906 or the equivalent, not only
prospective topologists.
D. M. Kan

18.917 Topics in Algebraic Topology

Prereq.: 18.906
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Content varies from year to year. Topics may
include: cohomology operations, homotopy
theory, K-theory, cobordism theory, stable
homotopy theory, localization, mapping
spaces.
H. R. Miller

18.935 Geometric Topology
(New)

Prereq.: 18.906
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topics vary from year to year; may be
repeated for credit. Topics may include: knots,
links, 3-manifolds, and their invariants;
geometric structures on 3-manifolds; smooth
and topological 4-manifolds; combinatorial
topology; differential topology; surgery.
S. Sawin

18.945 Geometry and Topology of Singular
Spaces

Prereq.: 18.705 or 18.905 or 18.965
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Examples of singular spaces: Schubert
varieties, toric varieties, compactifications of lo-
cally symmetric spaces. Techniques for study-
ing singular spaces: stratifications, intersection
homology, D-modules, mixed Hodge theory.
Topics vary from year to year.
R. D. MacPherson

18.950 Differential Geometry

Prereq.: 18.100, 18.901
U (1)
3-0-9
An introduction to differential geometry, with
emphasis on curves and surfaces. Frenet for-
mulas, fundamental forms, curvature, Gauss'
theorem, geodesics, Riemannian manifolds.
18.901 is required, but may be taken concur-
rently.
L. M. Singer

18.965 Geometry of Manifolds

Prereq.: 18.101
G (1)
3-0-9 H-LEVEL Grad Credit

18.966 Geometry of Manifolds

Prereq.: 18.965
G (2)
3-0-9 H-LEVEL Grad Credit

Differentiable manifolds, vector fields and
forms, introduction to Lie groups, the DeRham
theorem, Riemannian manifolds. 18.966 con-
tinues 18.965. Focuses on global differential
geometry, heat kernels, and index theorems.
R. B. Me/rose

18.969 Topics in Geometry

Prereq.: 18.965
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Content varies from year to year.
E. Getzler

18.994 Seminar in Geometry

Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9

Seminar for mathematics majors. Students
present and discuss the subject matter, taken
from current journals or books. Topics may
vary from year to year. Topic for 1993-94:
Knot theory and various approaches to knot in-
variants motivated by physics.
S. Axelrod

18.999 Mathematical Reading

Prereq.: -
G (1, 2, S)
Units arranged
Can be repeated for credit

Reading of advanced mathematical treatises
under supervision of a member of the Depart-
ment. For graduate students desiring ad-
vanced work not provided in regular subjects.
D. A. Vogan

18 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Undergraduate research opportunities in math-
ematics. Permission required in advance to
register for this subject. For further information,
consult the Departmental Coordinator.
Information: S. D. Friedman.
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Course 20
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20.921 Selected Topics in Applied
Biological Sciences

Prereq.: -
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Detailed discussion of selected topics of cur-
rent interest. Classwork in various fields not
covered by regular subjects.
Staff

20 ThP Thesis Proposal

Prereq.: -
G (1, 2)
0-24-0 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Thesis proposal research and presentation to
the Thesis Committee.
Staff

20 ThG Graduate Thesis

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research, leading to the
writing of an S.M. or Ph.D. thesis; to be ar-
ranged by the student and appropriate MIT
faculty member.
S. R. Tannenbaum

Program in Applied
Biological Sciences

i..A -
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Course 21 Humanities

Anthropology/Archaeology (21A) For degree requirements, see listing in
Foreign Languages and Literatures (21 F) Chapter VII under the School of
History (21 H) Humanities and Social Science.
Literature (21L)
Music and Theater Arts (21 M)
Program in Writing and
Humanistic Studies (21W)

To register for individual research or thesis
in a specific humanities section, see the
end of the section's subject listing below.

21 UR Research in Humanities

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

21 URG Research in Humanities
(New)

Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Individual participation in an ongoing research
project. For students in the Undergraduate Re-
search Opportunities Program.
Consult P. S. Khoury.

21 ThT Humanities Pre-Thesis Tutorial

Prereq.: As specified for particular field
U (1, 2)
1-0-5
Can be repeated for credit

Definition of and early-stage work on thesis
project leading to 21 ThU Undergraduate
Thesis in Humanities. Taken during the first
term of the student's two-term commitment to
the thesis project. Student works closely with
an individual faculty tutor. Required for all stu-
dents in Courses XXI, XXI-E, and XXI-S for
whom the thesis is a degree requirement.
P. S. Khoury

21 ThU Undergraduate Thesis in Humanities

Prereq.: 21 ThT
U (1, 2)
Units arranged
Can be repeated for credit

Completion of work on the senior major thesis
under supervision of a faculty tutor. Includes
oral presentation of thesis progress early in the
term, assembling and revising the final text,
and meeting at the close with a committee of
faculty evaluators to discuss the successes
and limitations of the project. Required for
most students in Courses XXI, XXI-E, and
XXI-S. (See degree requirements in specific
fields.)
P. S. Khoury

Anthropology/Archaeology

Consult Anthropology/Archaeology
Headquarters, 20B-131, for the most
up-to-date information about requirements and
subject offerings.

The anthropology and archaeology sub-
jects described below are grouped within
five areas: introductory, social anthropol-
ogy, technology in cultural context,
archaeology, and advanced topics.
Students are encouraged to take subjects
from each of the first four groups for a
fuller overview of the field.

IntroduCtory

21A 100 Introduction to Anthropology

(21.50)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

What kinds of wisdom do other ways of life
offer our own? How do other perspectives on
the world challenge our assumptions about
life? These questions are addressed through
the four fields of anthropology: biological, cul-
tural, and linguistic anthropology, and archaeol-
ogy. We examine family and kinship, religion,
economics, politics, survival of indigenous
groups, and Western influences from an
anthropological perspective to gain apprecia-
tion for cultural and ethnic diversity.
H. Gusterson

21A 102 Culture, Nature, and Human Nature

(21.502)
Prereq.: -
U (1)
3-0-9 HASS

Introduction to social thought and analysis.
How do we explain human behavior? Key
problems and concepts in the social sciences:
culture, human nature, values, roles, evolution,
ideology, narrative, structure, exchange, his-
tory. Social science and everyday explanation.
Consult J. Howe.

21A 103 The Human Past: Introduction to
Archaeology

(21.503)
Prereq.: -
U (2)
3-2-7 HASS-D, Category 4

Human societies have at least a two-million-
year history. Archaeology employs a special-
ized set of tools to reconstruct that history from
fragmentary evidence. Subject investigates the
interplay of factors leading to the early develop-
ment of complex societies in key areas of the
world. This process is examined by comparing
two regions where early state-level societies
emerged. The case studies are drawn from the
Near East, Africa, China, and the Americas.
These cases also illustrate the nature of
archaeological evidence and its use in
reconstructing past societies.
D. Hosler, H. V. Merrick

21A 105 Human Origins and Adaptations

(21.505)
Prereq.: -
U (2)
3-0-6 HASS

Examines the dynamic interrelations among
physical and behavioral traits in humans and
environment, culture, and social practices to
provide an integrated framework for studying
human biological diversity. Topics include is-
sues in evolution and adaptation; fossil and cul-
tural evidence for human evolution from
earliest times through the Pleistocene; evolu-
tion of tool use, social behavior, and organiza-
tion; territoriality and aggression; concepts of
race.
H. V. Merrick

21A 109 Understanding Culture

(21.509)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

Students are introduced to anthropological
fieldwork and the concept of culture from read-
ings, films, and their own research projects in
the Boston area. A "hands-on" approach to un-
derstanding cultural differences and what
produces them. Students will discover the ex-
citement and challenges of systematically ob-
serving human interaction and convincing
others of the accuracy of their findings.
Consult J. Howe.
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21A 110 Seminar in Anthropological Method
and Theory

(21.510)
Prereq.: Major or minor in Anthropology, or
permission of instructor
U (1)
3-0-9 HASS

Seminar focusing on core issues and ap-
proaches in anthropological theory and
method. Theoretical frameworks for the
analysis and integration of material from other
subjects in archaeology and cultural anthropol-
ogy.
Consult J. Howe.

Social Anthropology

21 A 211 Magic, Witchcraft, and the Spirit
World

(21.511)
Prereq.: -
U (1)
3-0-9 HASS

Spiritual, magical, and "occult" aspects of
human behavior in anthropological and histori-
cal perspective: divination and other forms of
magic, ritual curing, trance, spirit possession,
sorcery, and accusations of witchcraft. Material
drawn from traditional non-western societies,
medieval and early modern Europe, and
colonial and contemporary North America.
Consult J. Howe.

21A 212 Myth, Ritual, and Symbolism

(21.512)
Prereq.: -
U (2)
3-0-6 HASS

How people make sense of their worlds sym-
bolically through myth, ritual, metaphor, and
cosmology. The structure of symbols, the
natural and social elements they draw on, their
social use, and the messages they convey.
Students learn to record and analyze myth and
ritual.
Consult J. Howe.

21A 213J Ideas of the World Order:
Religion and Science

(21.513J)
(Same subject as 21H 921J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 2

Examines how myth, religion, and science
have invented answers to fundamental ques-
tions about the structure of the universe and
its beginning and end, the origins of life, the
relationship between physical reality and spirit;
how we know these things and who are the dis-
coverers and guardians of these truths. Read-
ings drawn from world mythologies, central
texts of Judaism, Christianity, Hinduism, and
classics of scientific thought.
A. Kaledin, J. G. King, A. Steinberg

21A 214 Communities in Crisis

(21.514)
Prereq.: -
U (2)
3-0-6 HASS

What happens when a community is severely
stressed? Investigates crises in several
western and nonwestern communities, and the
attempts made to resolve them by political,
religious, or other means.
Consult J. Howe.

21A 220 1492 and After: Europe and the
Peoples of the New World

(21.520)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

The five-hundred-year encounter between na-
tive peoples of the Americas and European
power and culture. Exploration and conquest.
European ideology and fantasies about
"savages." Colonialism, resistance, and adap-
tation. Missionizing and culture contact. Cases
include struggles of Maya, Iroquois, and rebel
Maroons. Students learn to use primary docu-
ments.
J. Howe

21A 221J Central American Society

(21.521J)
(Same subject as 17.587J)
Prereq.: -
U (1)
3-0-6 HASS

Central America's varied population includes
Indians, African-Americans, and Europeans.
Colonial and neo-colonial influences of Spain,
England, and the US. Agrarian relations,
foreign intervention, migration and urbaniza-
tion, armed resistance and repression, and in-
digenous rights and cultural revitalization
movements.
Consult J. Howe.

21A 223 Rural Communities: Dilemmas of
Development

(21.523)
Prereq.: -
U (2)
3-0-6 HASS

Contemporary agrarian communities and the
problems they face, with emphasis on the third
world. Peasants, plantation workers, and other
rural proletarians. Examines present-day and
traditional farming technologies, gender and
family structures, politics, values, social move-
ments, rural-urban migration. Case studies in-
clude Central American land reform, the
current crisis in Somalia, and women's ecology
movements in India.
Consult J. Howe.

21A 230J The Contemporary Family

(21.530J)
(Same subject as SP 456J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

The role of the family in human evolution, and
as a symbol in our own social and political
lives. Topics include: sex, marriage, and
parenting; the labor market; class, race, and
ethnicity; and the family's probable future.
Consult J. Howe.

21A 231J Gender and Society: A
Comparative Perspective

(21.531J)
(Same subject as SP 455J)
Prereq.: -
U (1)
3-0-9 HASS

Each culture, including our own, treats
humankind's sex and gender differences in a
distinctive way. Considers several theories of
sex and gender (Marx, Freud, Foucault), as
well as such topics as popular culture, sexual
division of labor, symbols of sexuality, gender
and politics, and the intersection of race, class,
and gender.
Consult J. Howe.

Technology and Cultural
Context

21A 334 Modern Times

(21.534)
Prereq.: -
U (1)
3-0-6 HASS

Anthropologists, famous for excursions among
exotic peoples, increasingly study one of the
most bizarre societies of all - our own. A
cross-cultural perspective taking into account
both "primitive" societies and other industrial-
ized ones helps us to understand our own
body rituals, ethnic divisions, myths, living ar-
rangements, rites of education, sense of time,
and scientific cosmology.
Consult J. Howe.
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21A 340J Technology and Culture

(21.540J)
(Same subject as STS 075J)
Prereq.: -
U (2)
3-0-9 HASS

Examines the relationship between technology
and the social life of humans from hunter-
gatherers to nuclear weapons scientists. Looks
at the effect of technological change on so-
called "primitive" societies, the relationship be-
tween colonialism, capitalism, and technology,
and the transformation of modern American
culture by television, computers, and
weapons. Readings include books and articles
by anthropologists, historians, and cultural
critics, as well as one science fiction novel.
H. Gusterson

21A 341 An Archaeological Look at
Technology

(21.541)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-6 HASS
Technologies of ancient and pre-industrial
societies as revealed by archaeological ex-
cavation, laboratory analysis of artifacts, eth-
nohistory, ethnography. Case studies include
cloth production among the Inca, concrete con-
struction in imperial Rome, Andean and
Mesoamerican metallurgies. Comparing these
illuminates interactions of technologies with cul-
tures; the role played by materials processing,
labor organization, and ideology in the develop-
ment of industries; the formation of technologi-
cal styles.
H. N. Lechtman

21A 342J Film as Ethnography and as
Cultural Critique
(New)

(Same subject as STS 090J, STS 560)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject STS 090J.
M. Fischer

21A 343J Materials in Human Experience

(21.543J)
(Same subject as 3.17J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-3-3 HASS

See description under subject 3.17J.
H. N. Lechtman, S. M. Allen, L. W. Hobbs

Archaeology

These subjects are divided into regional
and topical, and subjects taught under the
auspices of the Center for Materials Re-
search in Archaeology and Ethnology
(CMRAE).

Regional

21A 450 First Americans

(21.550)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

Indian cultures in North America from Paleo-
Indian entry into the New World over 10,000
years ago to European contact. Includes Pleis-
tocene Paleo-Indian big-game hunters,
development of regional differences among In-
dian groups, major pre-Columbian cultures
(e.g., Southwestern Cliff Dwellers,
Southeastern Moundbuilders), art and ritual
(e.g., rock art, ancient astronomy), relation of
prehistoric Indian cultures to modern Indian
groups.
Consult J. Howe.

21A 451 The Aztec, the Maya, and Their
Predecessors

(21.551)
Prereq.: -
U (2)
3-0-6 HASS

Examines origins and florescence of the im-
pressive pre-Hispanic civilizations in area en-
compassed by contemporary Mexico and
Guatemala using archaeological and ethnohis-
torical evidence. Considers factors such as dis-
tinct adaptive strategies demanded by the
lowland rainforest and the highland environ-
ments, extensive interregional exchange, and
sea trade with Central and South America in
explaining the spectacular achievements of
these indigenous American peoples.
D. Hosler

21A 452 The Ancient Andean World

(21.552)
Prereq.: -
U (1)
3-0-6 HASS

Examines development of Andean civilization
which culminated in the extraordinary empire
established by the Inca. Archaeological, eth-
nographic, and ethnohistorical approaches.
Particular attention to the unusual topography
of the Andean area, its influence upon local
ecology, and the characteristic social, political,
and technological responses of Andean
people to life in a topographically "vertical"
world. Characteristic cultural styles of prehis-
toric Andean life.
H. N. Lechtman

21A 453 Archaeology of the Middle East

(21.553)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

Focus on the rise of cities and empires in
various areas of the Middle East including
Anatolia, the Levant, Mesopotamia, and Iran.
Using archaeological and written sources, ex-
amines why such complex societies arose in
this area. Considers the role of temples and
religious hierarchies, of crafts and trade in
luxury goods, of writing and bureaucracies, of
class stratification, in the rise of early empires.
Consult J. Howe.

21A 454 Archaeology of Egypt

(21.554)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-6 HASS
Egypt was the home of one of the first and
most spectacular civilizations in the world.
Focuses on how that civilization developed.
Traces Egypt's past from its first inhabitants
through the reign of the Pharaohs with special
emphasis on 1) how complex political systems
evolved from the simple villages of predynastic
days; and 2) how agriculture developed in the
Nile Valley and how it contributed to the
growth of civilization. Also considers the
development of religion, art, and writing sys-
tems.
Consult J. Howe.

21A 455 Africa - Past and Present: An
Archaeological and Ethnographic
Perspective

(21.555)
Prereq.: -
U (1)
3-0-6 HASS

Examines prehistory and modern ethnographic
diversity of the African continent, with par-
ticular emphasis on the sub-Saharan region.
Traces the course of human evolution from the
earliest Plio-Pleistocene tool-making hominids
to the present ethnically diverse inhabitants of
the continent, by way of a series of topical
case studies. These cases are structured
around topics of current theoretical or
methodological interest in anthropology and in
the study of African prehistory. Will include lec-
tures, experience handling prehistoric stone ar-
tifacts, and several ethnographic films.
H. V. Merrick
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21A 456 Aztec Language and Philosophy

(21.556)
(Subject meets with 24.930)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

Introduces students to the Nahuatl language of
post-classic central Mexico and provides a
foundation for reading the voluminous Nahuatl
literature, with a concentration on the literature
which represents the philosophical underpin-
ning of Aztec thought. Students learn to read
selected texts in classical Nahuatl and obtain
the background for further research in Nahuatl
studies. Selected items of Aztec philosophical
literature, in Nahuatl and in translation, are
analyzed in detail. Also includes a brief orienta-
tion to modern Nahuatl language, culture, and
society, emphasizing communities consisting
of descendants of speakers of the classical lan-
guage. Meets with graduate subject 24.930,
but assignments differ.
K. Hale, D. Hosler

Topical

21A 560 The Archaeology of the City

(21.560)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-6 HASS

That unique human construct, the city, is the
focus. After discussing different approaches to
the study of the city, students look at examples
from the Near East, China, and the Greco-
Roman world to see how they evolved, dif-
fered, and decayed. Physical and social plans,
forces that shaped them, and the present and
future of cities are among the topics discussed.
Consult J. Howe.

21A 561 The Decline of Empires

(21.561)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

After examination of basic institutions and
processes of empires from modern sociologi-
cal literature and recent examples, we derive
some generalities about how and why empires
disintegrate. Considers frontiers, military
power, bureaucracy, ruling elites, religions,
population growth, raw materials and markets,
and urbanization. Generalities tested against
examples chosen from ancient and medieval
times including Persia, Greece, Rome, Byzan-
tium, and China.
A. Steinberg

Graduate Subjects

For Program in History and Social Study
of Science and Technology

21A 670J Proseminar: Social Theory and
Analysis

(21.570J)
(Same subject as STS 502J)
Prereq.: -
G (2)
3-0-9
Major theorists and theoretical schools since
the late nineteenth century. Marx, Weber,
Durkheim, Mauss, Goffman, Levi-Strauss,
Geertz, Foucault, Gramsci, others. Key terms,
concepts, debates.
J. Howe

21A 671J Introduction to Cultural Criticism
(New)

(Same subject as STS 507J, STS 059)
Prereq.: Permission of instructor
G (2)
2-0-7
Examines prominent contemporary ap-
proaches to cultural criticism, especially
(though not exclusively) those relating to the in-
tersection of contemporary culture with
science and technology. Readings are by
anthropologists, historians, cultural critics, and
journalists. Students sample a broad variety of
approaches to cultural critique informed by, for
example, Marxist, feminist, post-structuralist,
and psychoanalytic perspectives.
M. Fischer, H. Gusterson

Center for Materials Research in
Archaeology and Ethnology

CMRAE is an inter-institutional center
whose subjects are listed with the
Anthropology/Archaeology offerings and
are open only to graduate students and
seniors by permission of the instructor.

21A 782 Materials in Ancient Societies:
Plant Materials

(21.582)
Prereq.: Permission of instructor
G (1, 2)
3-6-3

Scientific analysis of archaeological plant
remains allows reconstruction of natural and
cultural environments, paleoeconomies, and
human behavior. Emphasis on the origins,
domestication, structure, and ecology of
economic plants, their use in prehistory, and
relationship of use to botanical characteristics.
Lab sessions focus on plant anatomy and
microstructure, including palynology and
phytolith anaylsis, necessary to environmental
reconstruction. Labs involve students in in-
dividual research projects. Six to eight hours of
lab work per week.
H. Lechtman

Special Topics

21A 896, 21A 897 Special Topics in
Anthropology/Archaeology

(21.596, 21.597)
Prereq.: Any two subjects in Anthropology or
Archaeology
U (2)
Units arranged

Topics in anthropology or archaeology not in-
cluded in other subjects. Students electing this
subject must secure the approval of the Head
of the Anthropology/Archaeology Program.
HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula. Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved.
Consult J. Howe.

21A.998, 21A 999 Advanced Topics in
Anthropology/Archaeology

(21.598, 21.599)
Prereq.: -
G (2)
Units arranged
Can be repeated for credit

Special studies or projects at an advanced
level with a member of the Anthropology/
Archaeology faculty.
Consult J. Howe.
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For individual research in Anthropology/Ar-
chaeology, register for 21 A UR or 21 A URG.
For Anthropology/Archaeology pre-thesis
tutorial, register for 21A ThT. For under-
graduate thesis, register for 21 A ThU.
Descriptions of these subjects can be
found in the beginning of this section
under 21 UR, 21 URG, 21 ThT, and 21 ThU
on page 193D.

Foreign Languages and
Literatures

Consult Foreign Languages and Literatures
Headquarters, 14N-305, for the most
up-to-date information about requirements and
subject offerings.

The subjects listed below include lan-
guage, literature, and cultural studies sub-
jects given in Chinese, French, German,
Japanese, Russian, Spanish, and Studies
in International Literatures and Cultures. A
variety of literature subjects given in the
original language as well as some given in
English offer HASS Distribution credit.

HASS-D Language Option: Because the In-
stitute regards competence in foreign lan-
guage as a fundamental value, students
may substitute one language subject at
level III or IV (i.e., 21 F 303, 21 F 304,
21F 403, 21F 404, 21F 503, 21F 504,
21 F 603, 21 F 604, 21 F 703, or 21 F 704) for
one HASS-D subject. Of the two remaining
HASS-D subjects, one must be taken from
categories 4 or 5 and the other from one of
the remaining categories. Students select-
ing this language option may not choose a
second distribution subject taught in the
same foreign language or literature.

All foreign language subjects I-IV are open
to graduate students for credit.

For subjects in English as a Second Lan-
guage, see 21F 212-21F 244.

Chinese

The indication of prerequisites for specific
Chinese offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, consult with a field advisor in Chinese.

21F 101 Chinese I
(21.245)
Prereq.: -
U (1)
4-0-8 HASS

Introduction to spoken and written modern
Chinese (Mandarin). Pronunciation, sentence
structure, grammar, conversation, reading and
writing. Lab work required. Enrollment limited
to 20 students.
Y. Tai

21F 102 Chinese I
(21.246)
Prereq.: Chinese I
U (2)
4-0-8 HASS

Enhancement of four basic language skills. Ex-
tension of grammar and vocabulary. Lab work
required.
Y. Tai

21F 103 Chinese III
(Revised Units)

(21.247)
Prereq.: Chinese II
U (1)
4-0-8 HASS-D Language Option

Development of communication skills through
active use of the Chinese language. Emphasis
on expansion of vocabulary, reading and writ-
ing, conversation, and assigned oral presenta-
tion. Lab work required.
Y. Liu

21F 104 Chinese IV
(Revised Units)

(21.248)
Prereq.: Chinese Ill
U (2)
4-0-8 HASS-D Language Option

Emphasis on oral and written communication.
Attention paid to assigned simple writings,
more challenging oral presentations on topics
of everyday situations. Lab work required.
Y. Liu

21F 105 Advanced Chinese I
(New)

Prereq.: Chinese IV
U (1)
4-0-8 HASS

Consolidation and expansion of skills in read-
ing and writing. Discussion in Mandarin of
literary and non-literary materials including
newspaper articles, short narratives, lyrical
and expository essays. Emphasis on cultural
and social issues. Compositions and lab work
required.
Y. Tai

21F 106 Advanced Chinese I
(New)

Prereq.: Chinese V
U (2)
4-0-8 HASS

Continuation of 21 F 105. Further development
of language skills in speaking and writing.
Materials are selected from public media in-
cluding reports in SCOLA, TV documentaries,
and articles in professional journals on social,
political, and economic changes in China. Both
oral and written reports are required.
Y. Tai
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For Literature and Culture subjects on
China offered in English, see 21 F 840,
21F 842.

English as a Second Language

21F 212 English
Language

II: English as a Second

(21.326)
Prereq.: Placement test or Permission of
Instructor
U (1)
3-0-6 HASS

Continued development of skills in oral com-
prehension, speaking, reading, and writing. Ac-
tivities, which include language laboratory
work, reinforce understanding and lead to an
increased ability to communicate.
J. Dunphy

21F 213 English Ill: English as a Second
Language

(21.327)
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-0-6 HASS

Improves and refines accuracy, fluency, and
style in both spoken and written English
through use of American newspapers, radio,
literary texts, videotapes, and movies. Also
leads to better understanding of American cul-
tures.
J. Dunphy

21F 216 Advanced Listening and Speaking
Skills: English as a Second Language

(21.331)
Prereq.: Placement test or Permission of
Instructor
U (2)
3-3-3 HASS

For high intermediate/advanced students who
wish to build confidence and skills in spoken
English. Focuses on the appropriate oral
presentation of material in a variety of profes-
sional contexts: panel discussions, research
group meetings, classroom explanations, and
thesis/research proposals. Valuable for those
who intend to teach or lecture in English. Lan-
guage laboratory assignments.
Consult S. Flynn.

21 F 221 Expository Writing I for
Undergraduates: English as a Second
Language

(21.333)
Prereq.: Placement test or Permission of
Instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-1-8 HASS

Reading, discussing, summarizing, and
paraphrasing articles and essays in nontechni-
cal fields. Provides practice in basic writing
skills by focusing on development of clear, well-
organized paragraphs and essays. Also gives
attention to vocabulary development and gram-
mar. Special focus on strengthening skills of
bilingual students.
Consult S. Flynn.

21F 222 Expository Writing I for
Undergraduates: English as a Second
Language

(21 .334)
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-1-8 HASS, Phase One WRIT

Formulating, organizing, and presenting ideas
clearly in writing. Reviews basic principles of
rhetoric. Focuses on development of a topic,
thesis, choice of appropriate vocabulary, and
sentence structure to achieve purpose.
Develops idiomatic prose style. Gives attention
to grammar and vocabulary usage. Special
focus on strengthening skills of bilingual stu-
dents. Successful completion satisfies Phase I
of the Writing Requirement.
S. Flynn

21 F 225 Workshop in Writing for Science
and Engineering: English as a Second
Language

(21.337)
Prereq.: Placement test
G (1, 2)
3-0-6

21 F 226 Workshop in Writing for Science
and Engineering: English as a Second
Language

(21.339)
Prereq.: Placement test
U (1, 2)
3-0-6 HASS, Phase Two WRIT

Analysis and practice of various forms of scien-
tific and technical writing, from abstracts to
journal articles. Detailed analysis of problems
conveying technical information to a specialist
audience. Comparable to 21W 780 but
methods designed to deal with special
problems of those whose first language is not
English. Successful completion satisfies
Phase II of Writing Requirement for students
registered in 21 F 226.
J. Dunphy

21 F 227 Workshop in Writing for the Social
Sciences and Architecture: English as a
Second Language

(21.338)
Prereq.: Placement test
G (1)
3-0-6

21F 228 Workshop in Writing for the Social
Sciences and Architecture: English as a
Second Language

(21 .340)
Prereq.: Placement test
U (1)
3-0-6 HASS, Phase Two WRIT

Advanced subject focusing on techniques, for-
mat, and prose style used in academic and
professional life. Emphasis on writing as re-
quired in fields such as economics, political
science, and architecture. Short assignments
including business letters, memos, and
proposals build toward a written term project.
Methods are designed to deal with the special
problems of those whose first language is not
English. Successful completion satisfies
Phase I of the writing requirement for students
registered in 21 F 228.
J. Dunphy

Studies in Language

21 F 235 Bilingualism

(21.341)
Prereq.: -
U (2)
3-0-6 HASS

What are the advantages to being bilingual?
What are its linguistic and psychological
bases? What are its political and social dimen-
sions? What are its cultural implications? Why
does it seem easier for children to learn two
languages simultaneously than to learn a
second language as an adult? Do adults ever
catch up? Answers to these and other ques-
tions about the many diverse aspects of bilin-
gualism to be considered.
S. Flynn

21 F 236J Linguistic Theory and Second
Language Acquisition

(21 .342J)
(Same subject as 24.948J)
Prereq.: Permission of instructor
G (2)
3-0-6
See description under subject 24.948J.
W. ONeil, S. Flynn

21 F 237J The Study of Language

(21.343J)
(Same subject as 24.900J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 24.900J.
J. W. Harris, S. Flynn
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21F 240J Language and its Structure I:
Phonology

(21.344J)
(Same subject as 24.901J)
Prereq.: 24.900J/21 F 237J
U (2)
3-0-9 HASS

See description under subject 24.901J.
J. Harris

21F 242 Workshop in Translation

(21.346)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

For students who wish to translate short
stories, essays, or poems into English. Class
includes the study of technical, historical, and
theoretical aspects of translation, as well as
discussion of students' work. Critically ex-
amines models of translation, both classical
and contemporary. Gives attention to linguistic
problems of translation. Students complete a
translation project which they elaborate in con-
sultation with the faculty. Knowledge of any
second language at an intermediate level or
above is essential.
C. V. Chvany

21 F 244 Critical Period in Second Language
Acquisition

(21.347)
(Subject meets with 24.947)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

Examines the claim that there is an age factor,
and in particular a neurologically based critical
period, for language acquisition. Overview of
attested critical periods in animals for cognitive
domains such as vision and birdsong. Turning
to the human language faculty, examines both
the neurolinguistic evidence (studies on
aphasia, dichotic listening, the bilingual brain,
etc.) as well as the behavioral evidence which
bears on the question of whether and how lan-
guage acquisition is possible after a certain
age. Particular attention paid to studies focus-
ing on that area of language which is governed
by the proposed innate language faculty (Prin-
ciples and Parameters of Universal Grammar).
Meets with graduate subject 24.947, but as-
signments differ.
S. Flynn, W. ONel

French

The indication of prerequisites for specific
French offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, consult with one of the field advisors
in French.

Fundamental Language Subjects

21F 301 French I
(21.201)
Prereq.: -
U (1, IAP, 2)
4-0-8 HASS

Introduction to French language and culture.
Emphasis on the acquisition of vocabulary and
grammatical concepts through active com-
munication. Immediate exposure to authentic
French via video sources and printed
materials; for developing cultural awareness
as well as linguistic proficiency. Coordinated
language lab program.
G. Furstenberg

21 F 302 French 11

(21.202)
Prereq.: French I
U (1, 2)
4-0-8 HASS

Further development of linguistic proficiency
through active communication. Expansion of
vocabulary and completion of the basics of
French grammar. Continued exposure to cul-
turally authentic audio and video materials in
the classroom and the language lab. Study of
short texts. Increased practice in writing.
S. Levet

21 F 303 French III
(21.203)
Prereq.: French 11
U (1, 2)
4-0-8 HASS-D Language Option

Review and expanded study of selected
aspects of French grammar and usage.
Detailed study and analysis of three films by
Truffaut, which portray the evolution of a char-
acter from childhood to adulthood. Discussions
focus on the character's relationship to such in-
stitutions as family, school, and state. Related
cultural readings, videotapes, and interactive
video programs. Weekly practice in composi-
tion. Daily exercises in self-expression, com-
munication, and vocabulary enrichment.
G. Furstenberg

21 F 304 French IV

(21.204)
Prereq.: French Ill
U (1, 2)
4-0-8 HASS-D Language Option

Final subject in French language sequence.
Prepares students for intermediate subjects in
French literature and culture. Organized
around the moral, social, and political issues
that youth confronts in French society. Texts in-
clude several films, selected poems, one
novel, and various articles from French peri-
odicals. Perfecting of writing and oral skills
through frequent essays and class presenta-
tions.
S. Wa ryn
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Subjects in Language, Literature, and
Culture

It is recommended but not required that stu-
dents take one of the following Inter-
mediate-level subjects before enrolling in
21 F 330 and above.

Subjects 21 F 308-340 and 21 F 342 are con-
ducted in French.

21 F 308 Advanced French Language Study
(New)

Prereq.: French IV or equivalent
U (2)
3-0-9 HASS
For those who have completed French IV or
the equivalent, but who wish to continue with
language study before taking upper-level sub-
jects in literature or culture. Advanced study of
grammar and development of reading, writing,
and phonetics through the use of a variety of
print and media materials, focusing on contem-
porary cultural issues.
S. Levet

21F 310 French Conversation: Intensive
Practice
(21.207)
Prereq.: French IV
U (1)
4-3-2 HASS
Systematic training in oral expression: com-
munication skills, fluency, and idiomatic
French. Audio and video tapes to improve con-
versational techniques and other forms of oral
expression (debates, speeches, reports, inter-
views). Discussion materials: newspapers,
magazines, recent films, and varied audio and
interactive video programs dealing with issues
in contemporary France. Focus on cultural
phenomena specific to French society. Inten-
sive lab work for improvement of comprehen-
sion, phonetics, and intonation. Special
projects (video and other) by students. Limited
to 16.
S. Waryn

21F 315 Everyday Life and Popular Culture
in Contemporary France

(21.209)
Prereq.: -
U (2)
3-0-9 HASS
Combines intensive practice in advanced
spoken and written French with an introduction
to contemporary French culture through a wide
range of media, events, and objects (TV com-
mercials, music videos, billboards, comic
books, toys, mail-order catalogues, festivals,
exhibitions). Emphasis on ephemeral aspects
of culture little known outside France.
Develops fluency and communication skills,
vocabulary and idiomatic expressions, through
discussions of current issues, debates, faits
divers, scandals, crazes. Mixed-media projects
encouraged.
M. Roberts

21F 320 Introduction to French Literature

(21.211)
Prereq.: French IV
U (1)
3-0-9 HASS-D, Category 1

A basic study of major French literary genres
- poetry, drama, and fiction - and an intro-
duction to methods of literary analysis. Authors
include Cyrano de Bergerac, Montesquieu,
Baudelaire, Verne, Sarraute, Tournier, Sartre.
Special attention devoted to the improvement
of French language skills.
M. Roberts

Advanced Subjects in Literature and
Culture

21 F 330 French Classical Literature from
Descartes to Moliere

(21.213)
Prereq.: French IV
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

Reading and interpretation of masterworks in
seventeenth-century French theater (Corneille,
Moliere, Racine), poetry (Malherbe, La Fon-
taine), and philosophy (Pascal, Descartes).
Studied in the context of social, historical, and
intellectual currents during the eras of
Richelieu and Louis XIV, and the evolution
from the baroque to the classic aesthetic.
E. B. Turk

21 F 332 Introduction to Modern French
Culture and Society: Identity and Memory

(21.214)
Prereq.: 21F 304
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Investigates intellectual, social, and aesthetic
currents in twentieth-century France. Focuses
on historical events (the Dreyfus Affair, the two
world wars, the Occupation, decolonization,
May '68) and how these are represented in
works of fiction and non-fiction. Themes of his-
torical memory and French identity.
/. de Courtivron

21 F 336 Introduction to the French
Short Story

(21.218)
Prereq.: French IV
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Short stories by major French authors. Special
attention paid to the theme of the fantastic and
the supernatural. Works by Perrault, Barbey
d'Aurevilly, Villers de l'Isle-Adam, Maupassant,
Pierre de Mandiarques, Nelly Kaplan, and
Tournier.
M. Roberts

21 F 338 Masterworks of the French
Nineteenth-Century Novel

(21.220)
Prereq.: French IV
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

The golden age of the French novel. Em-
phasizes Romanticism, Realism, and
Naturalism in Balzac, Stendhal, Sand,
Flaubert, and Zola. Themes include the interac-
tion of love, money, and politics in the newly
developed bourgeois society of nineteenth-cen-
tury France. Devotes attention to narrative
techniques, representations of reality, and the
influence of history and science.
I. de Courtivron
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21 F 340 The French Novel in the Twentieth
Century

(21.222)
Prereq.: French IV
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

Reading and discussion of major twentieth-
century French novels. Emphasis on literary
techniques as well as historical and cultural
contexts. Typically, readings include works by
writers such as Genet, Sarraute, Duras, Perec,
Tournier.
M. Roberts

21 F 341 French Film Classics

(21.228)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

Conducted in English. History and aesthetics
of French cinema from the advent of sound to
the present day. Treats films in the context of
technical processes, the art of narration, direc-
torial style, role of the scriptwriter, the develop-
ment of schools and movements, the impact of
political events and ideologies, and the relation
between French and other national cinemas.
Directors studied include Clair, Vigo, Feyder,
Duvivier, Carne, Renoir, Clouzot, Ophuls,
Godard, and Truffaut. The unifying theme in
selection and analysis of films is sex and
society. Films shown with English subtitles.
E. B. Turk

21 F 342 Topics in French Film
(New)

Prereq.: French IV
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-3 HASS

Conducted entirely in French. Close study of a
topic that relates to the art and history of the
French cinema and that focuses on a specific
director, movement, theme, critical or theoreti-
cal issue, analytic approach, etc. Films shown
with English subtitles. For 1993-94, the topic
is: Two major directors, Jean Renoir and Mar-
cel Carne.
E. B. Turk

For literature subjects on France offered in
English, see 21 F 850 and 21 F 851.

German

The indication of prerequisites for specific
German offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, consult one of the field advisors in
German.

Fundamental Language Subjects

21 F 401 German I
(21.231)
Prereq.: -
U (1, lAP, 2)
4-0-8 HASS
Basic principles of the German language. Fun-
damentals of pronunciation, intonation, and
grammar. Acquisition of basic vocabulary.
Laboratory exercises to further communicative
competence.
E. Crocker

21F 402 German II
(21.232)
Prereq.: German I
U (1, 2)
4-0-8 HASS
Continued practice in pronunciation and into-
nation. Vocabulary building, review and exten-
sion of basic grammar. Practice in writing short
essays. Reading of short literary texts. Intro-
duces the history and culture of German-
speaking countries.
E. Crocker

21 F 403 German Ill

(21.233)
Prereq.: German 11
U (1, 2)
4-0-8 HASS-D Language Option

Reading of drama, prose, and poetry by such
major twentieth-century authors as
DOrrenmatt, B611, Borchert, and others. Discus-
sions and compositions based on these works,
media selections, and audio/videotapes on
contemporary issues in the German-speaking
world link the learning of language and that of
culture. Review of German grammar and
development of vocabulary-building strategies
to improve self-expression. Recommended for
students with two years of high school German.
M. Totten

21 F 404 German IV

(21.234)
Prereq.: German Ill
U (1, 2)
4-0-8 HASS-D Language Option

Further deepening of an understanding of Ger-
man language and culture. Interpretation of
literary texts (Brothers Grimm, Frisch, Brecht),
discussion of cultural topics, development of
oral communicative competence in practical
everyday situations.
M. Totten

Intermediate and Advanced Subjects
in Language, Literature, and Culture

Subjects 21F 410-418 are conducted in Ger-
man.

21F 410 Advanced German Conversation
and Composition

(21.238)
Prereq.: German IV
U (2)
4-0-8 HASS
Systematic training in speaking and writing
skills to improve fluency and style with stress
on communicative strategies. Informal discus-
sions and analyses of tapes by native
speakers, newspapers, films, and modern ex-
pository prose. Focuses on everyday life in
present-day Germany. In addition, students
select a special project on a topic of their
choice.
M. Totten

21 F 412 Introduction to German Literature

(21.239)
Prereq.: German IV
U (1)
3-0-9 HASS-D, Category 1
Readings from German prose fiction, poetry,
and drama. Authors include Goethe, Brecht, T.
Mann, Keller, Kafka, Rilke, Christa Wolf.
Literary language as specialized communica-
tion; its conventions and presuppositions; rela-
tion of author to audience; imitation of reality
vs experimentation with reality; purpose in
literature: aesthetic, analytic, parodistic, and
political goals. Conducted entirely in German,
emphasizing reading, speaking, and writing
skills.
B. Brandt

21F 414 German Culture and Society:
1750-1945
(21.240)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS
German Enlightenment, impact of the French
Revolution on Germany, the failure of
liberalism, the discrepancy between economic
and political development, and the increasing
polarization of society as manifested in the
various forms of cultural expression. Readings
include Lessing, Kant, Schiller, Marx,
Nietzsche, and Freud. Music by Mozart,
Schumann, Wagner, Schonberg. Paintings by
Friedrich, Kirchner, Kokoschka. Impact of
World War I, rise of National Socialism. Lec-
ture in English, discussion sections in German
and English, readings in German or English.
B. Brandt
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21F 416 From the Great War to an Uncertain
Peace: Twentieth-Century German
Literature

(21.242)
Prereq.: German IV
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-6 HASS

Literature of the German-speaking countries
viewed against the backdrop of history (World
War 1, inflation and depression, National
Socialism, the anti-Nazi resistance and exile,
World War II, the division and unification of
Germany) and cultural trends (Expressionism,
Dadaism, Fascist "culture," anti-fascist
humanism, the "new" beginning after 1945).
Authors include Th. and H. Mann, Brecht,
Frisch, B611, and C. Wolf.
B. Brandt

21F 418 German Short Fiction

(21.243)
Prereq.: German IV
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

Short fiction in the nineteenth and twentieth
centuries (Novelle, ErzAhlung). Representative
works read and discussed, emphasizing narra-
tive strategy, esthetic structure, social concern,
and historical context. Authors include Kleist,
E. T. A. Hoffmann, BOchner, Schnitzler,
D6blin, Musil, Grass, and Frisch.
B. Widdig

For Literature and Culture subjects on Ger-
many offered in English, see 21F 814,
21F 856, 21F 858, and 21F 860.

Japanese

The indication of prerequisites for specific
Japanese offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, consult with one of the field advisors
in Japanese.

Fundamental Language Subjects

21F 501 Japanese I
(21.250)
Prereq.: -
U (1)
4-0-8 HASS

Introduction to modern standard Japanese.
Emphasis on developing proficiency in speak-
ing and listening, using basic grammar and
vocabulary. Basic skills in reading and writing
are also taught. Lab work required.
Y. Kawamura

21F 502 Japanese I1
(21.251)
Prereq.: Japanese I
U (2)
4-0-8 HASS

Enhancement of the four basic skills. Exten-
sion of basic grammar. Vocabulary and kanji
(Chinese characters) building. Lab work re-
quired.
Y. Kawamura

21F 503 Japanese IlIl
(21.252)
Prereq.: Japanese II
U (1)
4-0-8 HASS-D Language Option

Development of the four basic skills. Con-
tinued vocabulary and kanji building. Lab work
required.
T. Graham

21F 504 Japanese IV
(21.253)
Prereq.: Japanese Ill
U (2)
4-0-8 HASS-D Language Option

Review and expansion of basic grammar. Em-
phasis on application of basic grammar and
vocabulary in various situations. Lab work re-
quired.
T. Graham

Advanced Subjects

21F 510 Advanced Japanese I
(21.254)
Prereq.: Japanese IV
U (1)
4-0-8 HASS

Systematic development of reading, writing,
and oral communication skills. Introduction to
advanced grammar. Deepening of the under-
standing of Japanese culture and society
through reading and discussion. Lab work re-
quired.
S. Miyagawa

21F 512 Advanced Japanese I1
(21.255)
Prereq.: 21F 510
U (2)
3-0-9 HASS

Continuation of 21F 510. Further development
of reading, writing, and oral communication
skills through reading and video. Extension of
advanced grammar and further build-up of ad-
vanced vocabulary. Variety of cultural ele-
ments studied through readings, video, and
discussion. Lab work required.
T. Aikawa

21F 514 Linguistic Theory and Japanese
Language

(21.256)
(Subject meets with 24.946)
Prereq.: Permission of instructor
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-6 HASS

Detailed examination of the grammar of
Japanese, whose structure is significantly dif-
ferent from English, with special emphasis on
problems of interest in the study of linguistic
universals. Data from a broad group of lan-
guages will also be studied for comparison
with Japanese. Meets with graduate subject
24.946, but assignments differ.
S. Miyagawa

For culture subjects on Japan offered in
English, see 21 F 864.

Russian

The indication of prerequisites for specific
Russian offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, consult with a field advisor in Russian.

Fundamental Language Subjects

21 F 601 Russian I
(21.261)
Prereq.: -
U (1, IAP)
4-0-8 HASS
Basic grammar and practice in the elements of
Russian. Emphasis on learning to speak and
understand with practice in reading and writ-
ing. Use of videotapes and language
laboratory to gain facility in various communica-
tive situations and broaden understanding of
Russian culture.
A. Perkins

21 F 602 Russian I
(21.262)
Prereq.: Russian I
U (2)
4-0-8 HASS

Develops ability to use the language through
systematic study of grammar. Continued prac-
tice in understanding and speaking with inde-
pendent reading and creative writing
assignments to supplement texts. Work in
small groups and use of videotapes to expand
proficiency in a variety of communicative situa-
tions.
A. Perkins
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21F 603 Russian Ill

(21.263)
Prereq.: Russian II
U (1)
4-0-8 HASS-D Language Option

Reading and discussion of stories, poems, and
expository prose providing background for un-
derstanding Russian literature and culture.
Reviews grammar with the help of oral and
written exercises. Systematic study of word for-
mation and other strategies to free student
from dependency on the dictionary. Composi-
tions based on readings and recordings in-
tegrate communication skills and help retain
content.
A. Perkins

21F 604 Russian IV

(21.264)
Prereq.: Russian Ill
U (2)
4-0-8 HASS-D Language Option

Reading of literary and expository texts
selected to provide an understanding of Rus-
sian life and culture. Discussion and papers
based on readings. Attention to problems of
grammar and style, with a view to improving
facility in oral and written expression. Aural
comprehension developed through brief lec-
tures on cultural topics as well as through
taped materials.
A. Perkins

Intermediate and Advanced Subjects

Subjects 21F 610-614 are conducted in
Russian.

21 F 610 Advanced Russian Conversation
and Composition

(21.265)
Prereq.: Russian IV
U (1)
4-0-8 HASS

Review and systematization of grammar and
style. Intensive spoken and written practice to
improve fluency and style. Discussions and
analyses of short works of fiction and nonfic-
tion illustrating the various styles of spoken
and written Russian. Extensive use of taped
materials. Conducted in Russian.
Consult C. V. Chvany.

21 F 612 Modes and Styles of Russian
Storytelling

(21.267)
Prereq.: Russian IV
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-6 HASS
Focuses on practical stylistics and vocabulary
enrichment through narrative. Illustrates the
markers of folkloric, archaic, poetic,
bureaucratic, familiar, or formal styles through
folktales, newspaper reports, and plot-ridden
stories representing a narrative norm.
Analyzes famous modern short stories that
play with expectations based on that norm.
Develops expository style through frequent
short papers. Conducted in Russian.
C. V. Chvany

21F 614 Topics in Russian and Soviet
Culture for Advanced Students

(21.268)
Prereq.: Five terms of Russian
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

Introduces problems and controversies of
Soviet life and culture. Expository and literary
texts provide the necessary background; cur-
rent issues elucidated through the eyes of con-
temporary poets and singers. Selected songs
and contemporary prose deal with matters
such as individual vs the state; generation
gaps; men, women, and family. Considers
changes in today's Russia.
C. V. Chvany

For Literature and Culture subjects on Rus-
sia offered in English, see 21 F 870,
21F 872, 21F 874.

Spanish

The indication of prerequisites for specific
Spanish offerings does not apply to stu-
dents who have already accomplished the
equivalent work. For further placement ad-
vice, consult with a field advisor in Spanish.

21 F 702 Spanish II
(21.276)
Prereq.: Spanish I
U (1, 2)
4-0-8 HASS

Increased practice in listening comprehension,
reading, and group interaction.
J. W. Harris

21F 703 Spanish IlIl

(21.277)
Prereq.: Spanish 11
U (1, 2)
4-0-8 HASS-D Language Option

Aims at consolidation and expansion of skills
in aural comprehension, speaking, reading,
and writing. Uses short stories and other read-
ings, Hispanic television programs, and interac-
tive video to study issues of current interest in
Hispanic culture.
E. Lilienfeld

21 F 704 Spanish IV

(21.278)
Prereq.: Spanish Ill
U (1, 2)
4-0-8 HASS-D Language Option

Continued study of the language, literature,
and culture of Spanish-speaking countries.
Materials are from both Spain and Latin
America and include feature-length films, a
novel by Garcia Mdrquez, a play by Lorca, a
comic book by Quino, and readings on
Spanish cultural history.
M. Gonzalez-Aguilar

21 F 705 Oral Communication in Spanish

(21.279)
Prereq.: Spanish 11
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-6 HASS

Gives students the necessary language skills
to perform successfully in Spanish in a variety
of social situations. Focus on oral communica-
tion. Uses popular media for listening practice.
Student projects involve reading, oral presenta-
tions, and classroom interaction. Emphasizes
communication skills needed by students in en-
gineering and management for work in Latin
America or Spain.
D Morgenstern

Fundamental Language Subjects

21 F 701 Spanish I
(21.275)
Prereq.: -
U (1, IAP, 2)
4-0-8 HASS

Introduction to understanding, speaking, read-
ing, and writing Spanish. Maximal use of fun-
damentals of grammar in active
communication. Audio- and video-based lan-
guage laboratory program coordinated with
and supplementary to class work.
E. Lilienfeld
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Intermediate Subjects in Language,
Literature, and Culture

It is recommended, but not required, that
students take one of the following Inter-
mediate-level subjects before enrolling in
21 F 728 and above.

Subjects 21F 712-748 are conducted in
Spanish.

21 F 712 Spanish Conversation and
Composition

(21.281)
Prereq.: Spanish IV or equivalent
U (1)
3-0-9 HASS
Systematic training in spoken and written skills
to improve fluency and style. Oral reports by
participants on individual topics. Discussions
with native speakers, analyses of selected
literary texts, periodicals, and Spanish-lan-
guage media.
M. Gonzalez-Aguilar

21F 714 Spanish for Bilingual Students

(21.282)
Prereq.: Fluency in a Spanish dialect
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
Designed for students of Hispanic background
brought up in the US. Expands oral and written
grammar study and increases contact with
standard Spanish; studies recent fiction and
poetry as well as specific historical, social,
economic, and political aspects of Mexican-
American, Puerto Rican, and Cuban cultures.
Many of the nonliterary readings are in
English; class discussions in Spanish.
D. Morgenstern

21 F 716 Introduction to Contemporary
Hispanic Literature

(21.283)
Prereq.: Spanish IV or equivalent
U (2)
3-0-9 HASS-D, Category 1
Studies important twentieth-century texts from
both Spain and Latin America that represent
the principal fictional genres - poetry, theatre,
short story, and the novel. Includes works by
Hernandez, Bombal, Lorca, Neruda, Vallejo,
Machado, Unamuno, Garcia Marquez, Ferr6,
Riera, and Aub.
N. Wey-G6mez

21F 718 Introduction to Latin American
Culture

(21.284)
Prereq.: Spanish IV
U (1)
3-0-9 HASS

Select issues of contemporary Latin American
culture. Addresses through a study of literary
texts, film, and art, the question of racial and
cultural heterogeneity in Latin America, dic-
tatorship and state terror, the lived experience
of liberation theology, the diversity of women's
roles, and the experience of a twentieth-cen-
tury social revolution (Mexico).
E. Garrels

21 F 720 Introduction to Spanish Culture

(21.285)
Prereq.: Spanish IV
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Studies the major social, political, and aes-
thetic modes which have shaped Spanish
civilization. Coordinates the study of literature,
film, and art with the historical evolution of
Spain. Readings and discussion focus on such
topics as: the coexistence of Christians,
Moors, and Jews, Imperial Spain, The First
and Second Republics, and the contemporary
period as background for the emergence of dis-
tinctively Spanish literary and artistic move-
ments. Special emphasis on the Spanish Civil
War and its aftermath.
M. Resnick

Advanced Subjects in Literature and
Culture

21 F 728 Latin American Literature
1492-1898: Creation of a Continent

(21.286)
Prereq.: Spanish IV
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Traces the creation of a new literature to
record and interpret a new reality. Begins with
the Spanish Discovery and Conquest and
studies the unfolding of the secular struggle of
Spanish speakers in the Americas to give
meaning to their experience through literature.
Readings up to the Spanish American War of
1898, including texts by Col6n, Bernal Diaz del
Castillo, Sor Juana Ines de la Cruz, Esteban
Echeverria, Sarmiento, Ricardo Palma, Jose
Marti, and Ruben Dario.
E. Garrels

21 F 730 Twentieth-Century Latin American
Literature

(21.287)
Prereq.: Spanish IV
U (2)
3-0-9 HASS

Through reading poetry, novels, and short
stories, students encounter a variety of crea-
tive responses to the complex and troubled
reality of contemporary Latin America: from
fantasy to social protest, from personal confes-
sion to the literary subversion of the language
of demagoguery and mass media. Authors
studied include Vallejo, Quiroga, Neruda, Ar-
guedas, Borges, Garcia Mcrquez, de la Parra,
and Gambaro.
E. Garrels

21 F 736 The Short Story in Spain and Latin
America

(21.288)
Prereq.: Spanish IV
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

Studies the evolution of the short story in
Spain and Latin America from the sixteenth
century to the present. Considers the short
story as a genre with unique possibilities for ex-
pression. Authors include Borges, Cortazar,
Quiroga, Cervantes, Maria de Zayas, Pardo
BazAn, numerous contemporary women
writers, and Latino writers.
E. Garrels

21 F 738 Literature and Social Conflict:
Perspectives on Modern Spain

(21.290)
Prereq.: Spanish IV
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Considers how major literary texts illuminate
principal issues in the evolution of modern
Spanish society. Emphasizes the treatment of
such major questions as the exile of liberals in
1820, the concept of progress, the place of
religion, urbanization, rural conservatism and
changing sex roles, and the Spanish Civil War.
Authors studied include Perez Gald6s, Pardo
Baz n, Unamuno, Ortega y Gasset, Salinas,
Lorca, La Pasionaria, and Falc6n.
M. Resnick
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21F 740 The New Spain: 1977-Present
(New)

Prereq.: Spanish IV
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

Deals with the vast changes in Spanish social,
political, and cultural life that have taken place
since the death of Franco. New freedom from
censorship: Rosa Montero, Francisco Umbral,
Marjuna Torres; the re-emergence of strong
movements for regional autonomy: the Basque
region and Catalonia; the new cinema includ-
ing Almod6var and Saura; educational reforms
instituted by the socialist government, as well
as the fiction of Juan Mars6, Carmb Riera, and
Esther Tusquets are examined. Special em-
phasis placed on the emergence of mass
media as a vehicle for expression in Spain.
Consideration given to the changes wrought
by Spain's acceptance into the European Com-
munity. Material includes magazines,
newspapers, films, fiction and Amando de
Miguel's Los Espaioles.
M. Resnick

21F 742 Cervantes and His Age

(21.292)
Prereq.: Spanish IV
U (1)
3-0-9 HASS

Critics have long recognized Spain as the
birthplace of the novel and have seen in Don
Quijote de la Mancha the prototype for this
genre. Concentrates on Don Quijote but also
considers the author Cervantes as an out-
standing example of the humanist in sixteenth-
century Spain and Europe. Attention to
Cervantes's humor and irony as well as his
ideas on religion, justice, love, language, and
artistic creation.
N. Wey-Gbmez

21 F 748 History of the Spanish Language

(21.293)
Prereq.: Permission of instructor
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

Starts with the modern language and proceeds
to successively earlier stages. Includes
general concepts of language change; specific
phonological, morphological, and syntactic
changes in the history of Spanish; the place of
Spanish among Romance tongues; modern
dialects; reading of representative texts of ear-
lier periods. Discussion and readings in
English and Spanish. Spanish Ill or equivalent
normally provides sufficient preparation.
J. W. Harris

For Literature and Culture subjects on
Spain and Latin America, see 21F 810,
21F 880, 21F 884J.

Studies in International
Literatures and Cultures

Studies in International Literatures and Cul-
tures make various modes of intercultural
discourse available in English. Those sub-
jects that deal with works from more than
one nation give students the opportunity to
do work in comparative studies. A sig-
nificant number of subjects also allow stu-
dents to study works from a single foreign
country.

Cross-Cultural Subjects in Translation

21 F 810 Introduction to European and Latin
American Fiction

k21.296)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Studies great works of European and Latin
American fiction. Attention to a variety of forms
including the picaresque, epistolary, realist,
naturalist, and magical realist fiction. Em-
phasizes ways in which the unique history of
each country shaped the imaginative re-
sponses of its writers. Authors read include
Cervantes, Laclos, Goethe, Mann, Dos-
toevsky, Flaubert, Zola, Unamuno, Wolf,
Garcia Marquez, Genet, and Borges.
M. Resnick

21F 814 Modernism and Its Discontent
(Revised Content)

(21.305)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
Can be repeated for credit

Investigates the various reactions of writers, ar-
tists, philosophers, and filmmakers to the
process of social and cultural modernization
during the early twentieth century. Topics: the
city as text, the fascination with technology
and the machine, myth and modernity, avant-
garde art movements, reactionary modernism,
redefinitions of sexuality. In 1994-95, subject
emphasizes German modernism. Readings by
Marx, Freud, Benjamin, Doblin, Hesse, Brecht,
JOnger; films by Lang, Murnau, Pabst; artistic
production of German expressionism, Neue
Sachlichkeit, Bauhaus. Taught in English.
B. Widdig

21 F 820J New World Literature

(21.298J)
(Same subject as 21L 444J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 1

See description under subject 21 L 444J.
M. C. Fuller

21 F 822J International Women's Voices

(21.299J)
(Same subject as SP 431J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 1

Introduces students to a variety of fictional
works by contemporary women writers. The
subject's international perspective emphasizes
the extent to which each author's work reflects
her distinct cultural heritage and to what ex-
tent, if any, we can identify a female voice that
transcends national boundaries. A variety of in-
terpretive perspectives, including sociohistori-
cal, psychoanalytic, and feminist criticism will
be used to examine the texts. Authors read in-
clude: Mariama B5, Isabel Allende, Marguerite
Duras, Maxine Hong Kingston, Toni Morrison,
Doris Lessing, Alifa Riyaat, Yang Jiang, and
Sawako Aryoshi.
M. Resnick

21 F 824J Love and Death in the
Nineteenth-Century European Novel

(21.309)
(Same subject as 21 L 479J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

A study of three major novelists - Stendhal,
George Eliot, and Tolstoy - and the critical
ways in which their novels reflected and
shaped nineteenth-century thought in France,
England, and Russia on social and religious
values, and on the individual pursuit of love
and worldly success. Focuses on The Red and
the Black, Middlemarch, and either War and
Peace or Anna Karenina. Includes contem-
porary works and twentieth-century analogues
from the international cinema such as the
Tavianis' Night of the Shooting Stars.
J. Murray

21F 826J Courtship Themes in Romance
Literature

(21.300J)
(Same subject as SP 434J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS
Study of recurrent patterns of courtship in
major works from France, Spain, Spanish
America, Portugal, and Brazil. Themes such
as the grand passion, marriage as a happy
ending, the witty battle between unwilling
lovers, and the contemporary breakdown of
both conventional sex roles and the institution
of marriage are examined. Authors include Fer-
nando de Rojas, Cervantes, Balzac, Puig,
Zola, the Three Marias, Machado de Assis,
Garcia Marquez, Chateaubriand, Wittig, and
Bombal.
M. Resnick, J. Murray
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21F 828J Sex Roles in Fiction: Europe and
Latin America

(21.297J)
(Same subject as SP 432J)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

Examines the representation of sexual roles in
fiction. Studies works by European and Latin
American authors in their cultural and historical
contexts. Themes emphasized include bour-
geois women, women rebels, and redefinition
of sex roles. Comparative analysis of works by
Laclos, Fontane, Moliere, Sor Juana Ines de la
Cruz, Zola, Lorca, Wolf, Wittig, and Puig.
Materials used include films by: Godard,
Bunue!, Saura, M. v. Trotta.
M. Resnick

21F 830 Global Culture
(New)

(Subject meets with 21 F 831)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

21F 831 Global Culture
(New)

(Subject meets with 21 F 830)
Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9
The globalization of capitalism, the prolifera-
tion of media and communications networks,
and the increasing mobilization of the world's
population have in recent decades destabil-
ized conventional notions of ethnicity and
nationhood, refined the meaning of com-
munity, and led to the emergence of new, in-
creasingly hybridized forms of culture. Drawing
on theoretical approaches in contemporary cul-
tural studies, subject examines these new
forms of cultural production in a variety of
media (travel writing, film, music, art) and dis-
courses (advertising, tourism, fashion), and as-
sesses the wider cultural implications of the
intensifying traffic of capital, commodities, infor-
mation, and people circulating around the
globe. Graduate students are expected to pur-
sue the subject in greater depth through read-
ing and individual research.
M. Roberts

Culture-Specific Subjects in Translation

21 F 840 Introduction to Chinese Classic
Fiction

(21.30)
Prereq.. -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

Traces the evolution of Chinese fiction from its
roots in the oral tradition through major novels
of the eighteenth century. This genre includes
historical, supernatural, detective, and love
stories. Attention paid to the art of the early
storytellers; Confucian, Taoist, and Buddhist
themes; the interpolation of poetry in narra-
tives; the Literati writers; and other aspects of
culture reflected in the readings. Works read in-
clude Three Kingdoms, Monkey King, The
Dream of the Red Chamber, and others.
Y. Tai

21 F 842 Chinese Drama Through the Ages

(21.31)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

An introduction to Chinese drama through
readings and videos. Students examine the
cultural heritage of the Chinese theatre from
the stylized traditional mode of the Yuan
Dynasty through the realistic plays of the twen-
tieth century. The social and historical role of
the theatre in shaping Chinese ethical con-
cerns is studied. Discussions focus on
dramaturgy, production techniques, and styles.
Attention paid to the similarities and differen-
ces between the Chinese and Western
theatres, and the interchange between the two.
Y. Tai

21 F 850 Twentieth-Century French
Literature

(21.23)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Major writers and literary movements (Sur-
realism, Existentialism, Pataphysics) in France
since 1900. Texts are chosen from the works
of Gide, Proust, Celine, Malraux, Bernanos,
Sartre, Camus, de Beauvoir, Giraudoux,
Claudel, Anouilh, Beckett, lonesco, Genet,
Breton, Artaud, Queneau.
E. B. Turk

21 F 851 The Avant-Garde in France
(New)

Prereq.: French IV
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Focuses on avant-garde movements and their
relationship to dominant institutions and values
in twentieth-century France, including Sur-
realism and other counter-cultures (the
nouvelle vague, the nouveau roman, and post-
structuralism). Topics include: sexual politics
of the avant-garde; dissident voices within
avant-garde groups; avant-garde aesthetics
and mythologies in contemporary mass cul-
ture; theories of the avant-garde and debates
about its alleged obsolescence.
M. Roberts

21 F 856 The German Cinema

(21.20)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
4-0-5 HASS

Overview of the German film since its begin-
nings, emphasizing the New German Cinema
of the 1970s. Weekly screenings. Lectures
and discussions deal with technical and aes-
thetic as well as socio-historical problems. Stu-
dents keep weekly journals based on thorough
analysis of films as well as readings on social
and historical background. Directors include
Lang, Murnau, Pabst, Schlondorff, Wenders,
Herzog, Fassbinder, Staudte, M. v. Trotta.
Conducted in English. Films shown with
English subtitles.
B. Brandt

21 F 858 Modern German Novels in
Translation

(21.21)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

Twentieth-century fiction from Germany,
Austria, and Switzerland. Emphasizes major
themes (bourgeois conventions and rebellion
against them, role of the artist, individual and
collective guilt, the metropolis, World War I
and its aftermath), development of novel form,
narrative structure, social and historical con-
text. Authors include Thomas Mann, Kafka,
Hesse, Grass, Christa Wolf. Showing of a film
version of at least one novel.
B. Widdig
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21 F 860 Postwar Germany and Its Historical
Burden

(21.22)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Examines through literary and sociological
texts the historical, political, and cultural forces
that define and rule German culture and
society today. Topics: value changes in
postwar society, coping with the legacy of the
past, the role of writers and intellectuals,
foreign cultures in Germany, political participa-
tion and protest, differences between East and
West after unification. Texts by Dahrendorf, En-
zensberger, Grass, Koeppen, Mitscherlich,
Oren, Wolf, among others, in addition to films
by Fassbinder, Sanders-Brahms, von Trotta.
Lecture in English, discussion section in Ger-
man or in English, readings in German or
English.
B. Widdig

21 F 864 Introduction to Japanese Culture

(21.32)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Study of the major aesthetic, social, and politi-
cal elements which have shaped modern
Japanese culture and society. Readings on
contemporary Japan and historical evolution of
the culture coordinated with study of literary
texts, film, and art.
S. Miyagawa

21 F 870 Introduction to Russian Culture
Through Its Short Prose

(21.25)
Prereq.: -
U (1)
4-0-8 HASS-D, Category 1

Short narratives, from folk tales to nineteenth-
and twentieth-century short stories, illustrating
the development of Russian prose and the
major traits of Russian national conscious-
ness. Analysis of short stories by major
nineteenth-century Russian authors. Innova-
tive works of twentieth-century writers and a
sampling of post-glasnost writings illustrate the
continued relevance of ancient traditions.
Qualified students encouraged to do some
work in Russian.
C. V. Chvany

21F 872J Russian Novel of the Nineteenth
Century

(21.27)
(Same subject as 21 L 480J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
The development of the novel in Russia in the
context of the evolving European novel. Em-
phasizes three major fictional modes: the his-
torical, the psychological, and the
satirical/realist novel and their European
counterparts. Gives attention to the larger his-
torical and social issues which determined the
creative milieu of Pushkin, Lermontov, Gogol,
Tolstoy, and Dostoevsky. Their relation to
Sterne, Byron, and Walter Scott. Students with
a knowledge of Russian encouraged to read
some texts in the original.
C. V. Chvany

21F 874 Russian Literature, from Tsars to
Commissars: 1830-1930

(21.26)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Historical themes and human meaning in key
works from the Golden Age to the Silver Age,
with a brief look at the period immediately fol-
lowing the Revolution, through various genres,
mainly fiction (short and long) and drama, but
some poetry, by Pushkin, Gogol, Dostoevsky,
Bunin, Chekhov, Akhmatova or Tsvetaeva,
Zoshchenko or Ilf and Petrov. Qualified stu-
dents are encouraged to do some of the read-
ing in Russian.
C. Chvany

21 F 880 Masterpieces of Hispanic Culture

(21.310)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Subject studies major works of Hispanic litera-
ture, film, and art, including the Poem of the
Cid and Cervantes's Don Quijote. Films by
Buhuel, as well as paintings by Velazquez,
among others, allow students to trace develop-
ment of Hispanic culture through focus on
fanaticism, honor, and the grotesque, as well
as on humor as a way to cope creatively with
the world, or to escape from it.
E. Garrels

21 F 884J Introduction to Latin American
Studies
(New)

(Same subject as 17.541J)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS-D, Category 4

Introduction to contemporary reality of multi-
cultural, multi-ethnic peoples of Latin America.
Organized around six topics: indigenous iden-
tity and struggle, nineteenth-century liberalism
and current crisis of the liberal nation-state,
Afro-Americans in Brazil and Cuba,
democratization and worker's movements in
contemporary Brazil, the new urbanization and
women's activism (case study - Mexico City),
and the Latino-Americanization of the U.S.
Major emphasis on the period from 1970 to
present but certain units explore historical an-
tecedents as far back as late eighteenth cen-
tury.
E. Garrels, J. Fox

Special Topics

21F 910 Special Topics in Foreign
Languages and Literatures

(21.348)
Prereq.: -
U (1)
Units arranged
Can be repeated for credit

21 F 911 Special Topics in Foreign
Languages and Literatures

(21.349)
Prereq.: -
U (lAP, 2)
Units arranged
Can be repeated for credit

Advanced work in foreign languages and litera-
tures for students wishing to pursue topics or
projects not provided for by regular subject of-
ferings. Before registering, student must plan
course of study with appropriate instructor in
the Section and secure the approval of the
Section Head. HASS credit for Special Topics
subjects awarded only by individual petitions to
the Committee on Curricula. Normal maximum
is 6 units; to count toward HASS Requirement,
9 units are required. Exceptional 9-unit
projects occasionally approved. Consult
Foreign Languages and Literatures Head-
quarters.

For individual research in Foreign Lan-
guages and Literatures, register for
21F UR or 21F URG. For Foreign Lan-
guages and Literatures pre-thesis tutorial,
register for 21F ThT. For undergraduate
thesis, register for 21 F ThU. Descriptions of
these subjects can be found in the begin-
ning of this section under 21 UR, 21 URG,
21 ThT, and 21 ThU on page 193D.
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History

Consult History Headquarters, E51-210, for
the most up-to-date information about
requirements and subject offerings.

American History

Survey Subjects

21H 101 American History to 1865

(21.390)
Prereq.: -
U (1)
3-0-9 HASS

A basic history of American social, economic,
and political development from the colonial
period through the Civil War. Examines the dif-
ferences between Indian and European set-
tlers; the colonial heritages of Spanish and
British America; the American Revolution and
its impact; the establishment and growth of the
new nation; the Civil War, its background, char-
acter, and impact. Readings are from modern
scholarship as well as writings of the period, in-
cluding those of Winthrop, Paine, Madison,
Garrison, H. B. Stowe, and Lincoln.
H. Richardson

21H 102 The Emergence of Modern
America, 1865 to the Present

(21.391)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 5

Examines five central issues in modern
American history: race and the legacy of
slavery; class relationships in an industrial
society; the relationship between urban/in-
dustrial society and the agricultural/rural world
that had dominated earlier epochs; the role of
the state in the economy; and the growth of
American involvements and activities over-
seas. Using primary documents as well as
secondary interpretations, subject explores the
changes that have taken place in these issues
from 1865 to the present.
H. Richardson

21H 103 Family, Work, and Leisure in
America, 1600 to the Present

(21.393)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

An interdisciplinary exploration of changes in
family life, work, and leisure since the seven-
teenth century among a diversity of
Americans - women and men, young and
old, rich and poor, black and white, native and
immigrant, gay and straight. Topics include
childhood, marriage, gender roles, sexuality,
transformations in the organization and mean-
ing of work, the impact of industrial capitalism,
workplace relations and culture, changing
forms of entertainment and recreation, and
leisure as consumption.
C. Appy

21H 104J Riots, Strikes, and Conspiracies
in American History

(21.394J)
(Same subject as 11.015J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

Readings and discussions focusing on a series
of short-term events that shed light on
American culture and social organization from
the late seventeenth to the twentieth centuries.
The events studied in 1992 included the Bos-
ton Stamp Act uprisings of 1765, the anti-
abolitionist "riot" at Alton, Illinois, in 1837, the
lockout and strike at Homestead, Pennsyl-
vania, in 1892, and the Los Angeles riot of
1992. Emphasis on finding ways to make
sense of these complicated, highly traumatic
events, and on using them to understand
larger processes of change in American his-
tory.
P. Maier, R. M. Fogelson

21 H 111 Colonial America

(21.400)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

North American history to 1763 with particular
attention to the development of society and
politics in the British colonies. Topics include
the British, French, and Spanish empires; in-
surrections, witchcraft, and slavery; economic,
social, and religious change; war, politics, and
political ideology on the eve of the American
Revolution. Readings are drawn from the most
recent historical scholarship as well as docu-
ments of the time.
P. Maier

21 H 112 The American Revolution

(21.401)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

English and American backgrounds of the
Revolution; issues and arguments in the Anglo-
American conflict; colonial resistance and the
beginnings of republicanism; the Revolutionary
War; constitution writing for the states and na-
tion; effects of the American Revolution. Con-
cerned primarily with the revolutionary origins
of American government. Readings em-
phasize documents from the period -
pamphlets, correspondence, the minutes or
resolutions of resistance organizations, con-
stitutional documents and debates.
P. Maier

21H 116J The Civil War and Reconstruction

(21.403J)
(Same subject as STS 029J)
Prereq.: -
U (2)
3-0-6 HASS

Anti-slavery and the intensification of sec-
tionalism in the 1850s; the secession crisis;
political and military developments in the Civil
War years; why the North won; the "reconstruc-
tion" of Southern politics and society after Ap-
pomattox.
M. R. Smith

21H 126 The 1930s: The Great Depression
and the New Deal

(21.407)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

An intensive look at the decade of the 1930s,
with particular attention to assessing the de-
gree to which it was or was not a key turning
point in modern American history. Topics ex-
plored include: the causes of the stock market
crash and the depression; political realign-
ments; the experiences of different segments
of society (including workers, African-
Americans, farmers, the business community);
the evolution of key pieces of social welfare
legislation; shifts in the intellectual and cultural
climate; radical challenges to mainstream
politics.
A. Keyssar
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21H 131 The United States in the Nuclear
Age: Politics, Culture, and Society Since
1941

(21.406)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

American experience at home and abroad
from Pearl Harbor to "the end of the Cold
War." Topics include America's role as global
superpower, foreign and domestic anticom-
munism, social movements of left and right,
economic and demographic change, popular
culture, relations of class, race, and gender.
C. Appy

21H 132 The Vietnam War

(21.420)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

An interdisciplinary history of America's
longest and most controversial war. Debates
about the causes of the war and its moral
legitimacy, the experiences of ordinary soldiers
and civilians, wartime politics, the antiwar
movement, and legacies of the war. Includes
films, novels, oral histories, secret documents.
C. Appy

21H 152J Black Women in America, 1800 to
the Present

(21.415J)
(Same subject as SP 423J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Examines the history of Black women in
American society in the nineteenth and twen-
tieth centuries from a critical and analytical
perspective. Topics include slavery, the family,
work, sexuality and sex roles, coping
mechanisms, creative expressions, the
economy, and Black feminism.
R. Kilson

21H 153J The World of Suzy Wong and
Madame Butterfly: Race and Gender in
Asian America

(21.417J)
(Same subject as SP 421J)
Prereq.: -
U (1)
3-0-9 HASS

An interdisciplinary examination of the Asian-
American experience with particular emphasis
on gender and race from mid-nineteenth cen-
tury to present. Topics include the Gold Rush
and "frontier" politics, Asia in the American im-
agination, international relations and changing
attitudes towards immigrant groups, popular
images in magazines and films, and cultural
productions by Asian Americans. Uses exten-
sive primary sources and audio-visual media.
Y. Hanawa

21H 161 Introduction to Black Studies

(21.425)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

An interdisciplinary introduction to central ques-
tions in the field of African-American studies,
set in a historical context, incorporating ele-
ments from the humanities and social scien-
ces. Extensive use made of primary source
materials and audio and visual media.
D. Leviatin

American History

Topical Subjects

21 H 201 The Founders of the Republic

(21.431)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

A study of politics and theory, personality and
power in the early decades of the American
Republic, as focused by the ideas and
dreams, the private lives and public careers,
the ambitions and rivalries of the major
Founders - Washington, Adams, Jefferson,
Hamilton, and Madison. Readings are mostly
from the writings of the aforementioned
figures, including a biography of each.
A. D. Kaledin

21 H 202 American Ideas and Culture: From
the Puritans to the Civil War

(21.409)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

American thought and culture from the seven-
teenth-century Puritans to the Civil War, as ex-
pressed in the work of various classic
American writers, thinkers, artists (e.g. Ed-
wards, Franklin, Jefferson, Adams, Madison,
Emerson, Whitman). The relationship of native
American, African-American, and early im-
migrant cultures to American culture. Bar-
numism, giganticism, and the rise of a
democratic culture in the nineteenth century.
The curious intertwining of Jeffersonian op-
timism and Calvinistic skepticism in American
culture. The emergence of the fundamental
myths of American culture, and the evolution
of American iconography.
A. D. Kaledin

21H 204 American Intellectual and Cultural
History: The Modern Age, 1920-1990
(Revised Content)

(21.411)
Prereq.: -
U (2)
3-0-9 HASS

Major developments in American thought and
culture from the Lost Generation of the 20s
and the Great Depression of the 30s to the
counterculture of the 60s and the neoconser-
vatism of the 80s, as reflected in literature, art,
politics, and major public controversies.
Topics: erosion of traditional values; Fun-
damentalist-Modernist conflicts of the 20s and
now; changing ideas about women, family,
sexuality, equality, race, ethnicity; the develop-
ment of mass culture; the impact of Black cul-
ture; the rise of modern feminism and the new
ecological environmentalism; changing roles of
intellectuals and universities. Has a "new"
American culture replaced the old?
A. D. Kaledin

21H 205 Religion in America

(21.432)
Prereq.: -
U (2)
3-0-9 HASS

American religious life in historical perspective.
Conflict and change in the mainline churches;
the perpetual creation of new denominations,
sects, cults; boom in occult and Eastern
religions; class, ethnicity, and religion; the
black religious experience; the genesis of
original American religions (e.g., Mormonism);
how some old sects (e.g., Hutterites) resist as-
similation; the revivalist tradition; modern
American fundamentalism; the electronic
church; the relation of religion to politics. How
important is religion in American life really?
A. D. Kaledin

21H 211 America Bound: Immigrant
Experiences from 1600 to the Present

(21.418)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

The peopling of America. Examines causes of
immigration, definitions of "American," recep-
tion and acculturation of newcomers, com-
munity life, immigration law, and pertinent
debates about race, ethnicity, and class. Texts
include novels, memoirs, and films.
C. Appy



210D School of Humanities and Social Science

21 H 212 History and the Making of Asian
America
(New)

Prereq.: -
U (2)
3-0-9 HASS

Examines the historical trajectory of the Asian
diaspora from the early nineteenth century to
the post-Vietnam era, covering the tremen-
dous changes in the ideology of national iden-
tity, citizenship, race, and foreign relationships
in the various Asian nations and in the US.
Focuses on the intersecting histories of the
Chinese, Japanese, Koreans, Filipinos, Viet-
namese, and South Asians in the US. Read-
ings contextualize the various processes over
this period in three frameworks: emergent na-
tional/ethnic politics, American international
identity, and the accelerated pace of interna-
tional contact. Topics covered: imperialism and
colonialism in Asia, immigration and interna-
tional laws, race and citizenship, political
economy and "alien" labor, war and alienation
of Asians in America, war and naturalization of
Asians in America, and the gendering of Asian
America.
Y. Hanawa

21H 221 The History of Work and Workers
in the United States in the 19th and 20th
Centuries

(21.408)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Examines the history of labor and the working
class from the early nineteenth century to the
present. Topics explored include: the forma-
tion of a working class during the industrial
revolution; social mobility and its absence; the
development of unions and independent politi-
cal parties; changes in technology and the or-
ganization of work; the evolution of labor law;
the working-class family; the rise of the CIO;
the decline of unionization in recent decades.
A. Keyssar

21H 222 Politics and Political Participation
in American History

(21.438)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

A history of politics and participation in elec-
toral politics from the early nineteenth century
to the present. Emphasis on the history of laws
and electoral institutions (in comparative
perspective), on the history of turnout, and on
explanations for the unusual dimensions of par-
ticipation and political behavior in the US.
A. Keyssar

21 H 226 The American Psyche

(21.435)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

A study of 1) "What is an American?" i.e., the
question of identity, starting with the examina-
tion of the concept itself and then of efforts
(e.g., by Tocqueville, Erikson) to describe and
analyze such a presumed character; and 2)
the application of psychological approaches to
individuals (e.g., Jefferson, Lincoln), to persist-
ent themes (e.g., the frontier hero, or cowboy),
and to collective phenomena and events (e.g.,
slavery, the American Revolution).
B. Mazlish

21H 231J American Urban History I

(21 .412J)
(Same subject as 11.013J)
Prereq.: -
U (1)
3-0-6 HASS

See description under subject 11.013J.
R. M. Fogelson

21 H 232J American Urban History 11
(21.41 3J)
(Same subject as 11.01 4J)
Prereq.: -
U (2)
3-0-6 HASS

See description under subject 11.014J.
R. M. Fogelson

21 H 233J Planned Communities: Ideals and
Realities
(New)

(Same subject as 11.021J)
Prereq.: -
U (2)
2-0-7 HASS

Readings and discussions about the concep-
tions of the good community in urban America
from the mid-nineteenth century to the late
twentieth. Among the types of communities
analyzed are residential suburbs, company
towns, model tenements, cooperative apart-
ments, new towns, undergraduate campuses,
and retirement villages. A term paper based
on primary sources is required.
L. Craig, R. Fogelson, B. Frieden

European History

Survey Subjects

21 H 301 The Ancient World: Greece

(21.350)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

History of Ancient Greece from the Homeric
period to the death of Alexander the Great.
Development of the city-state, Athenian
democracy, and the nature of Greek politics;
the conflict between Greece and Persia, and
between Sparta and the Athenian naval em-
pire; consequences of the latter conflict - the
Peloponnesian War - for subsequent Greek
history; finally, the Macedonian conquest of
Greece and Persia.
J. E. Lendon

21 H 302 The Ancient World: Rome

(21.351)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 5

History of Rome from its founding to its fall.
Roman Republican society and government:
how it worked; how it conquered; how it
changed; causes leading to its dissolution. The
age of the great captains - Sulla, Pompey,
and Caesar. Creation of the Roman monarchy:
the triumph of Augustus. Political and social
history of the Roman empire; the grandeur that
was Rome; crisis of the third century A.D.,
revival in the fourth century; reasons for the
collapse of the Roman Empire in the West,
and its survival in the East.
J. E. Lendon

21 H 306 The Emergence of Europe:
500-1300
(New)

Prereq.: ---
U (2)
3-0-9 HASS

Survey of the social, cultural, and political
development of western Europe between 500
and 1300. Topics include: the Germanic con-
quest of the ancient Mediterranean world; the
Carolingian Renaissance; feudalism and the
breakdown of political order; the crusades; the
quality of religious life; the experience of
women; and the emergence of a revitalized
economy and culture in the twelfth and thir-
teenth centuries.
A. McCants
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21H 311 The Renaissance and Reformation
(Revised Units)

(21.366)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

European history from the fourteenth to the
middle of the seventeenth century. Considera-
tion of political, social, and intellectual develop-
ments during this transitional period. Examines
the connections between the Italian Renais-
sance and the religious reform movements of
the sixteenth century, both Protestant and
Catholic. Readings from the Italian humanists,
as well as from Erasmus, Luther, Calvin, and
Montaigne.
A. McCants

21H 315 History of the Western World 1:
1492-1815

(21.356)
Prereq.: -
U (1)
3-0-9 HASS
The evolution of the Western world between
the end of the Middle Ages and the French
Revolution. Topics: heritage of the Middle
Ages; emergence of the new dynastic monar-
chies; the great explorations; the Renaissance
in Italy and Northern Europe; the Protestant
and Catholic Reformations; the Scientific
Revolution; the Enlightenment; development of
the bureaucratic state; the American and
French revolutions.
A. McCants

21H 320 Europe in the 20th Century

(21.361)
Prereq.: -
U (1)
3-0-9 HASS

Examines changes in European political, so-
cial, and cultural life from the origins of World
War I to the developments of the 1980s and
1990s. Topics covered include World War I,
the post-war revolutions, the counter-revolu-
tions of Fascism and Nazism, the "normalcy"
of the twenties, the Great Depression, the
totalitarian states, World War II, reconstruction,
Europe in the Cold War, relations with former
colonies, the collapse of communism, and
Europe in the global perspective of the 1990s.
W. B. Watson

21 H 326 Thq Making of Russia in the
Worlds of Byzantium, Mongolia, and
Europe (ca. 850-1800)

(21.375)
Prereq.: -
U (1)
3-0-9 HASS

Kievan state, tsardom of Muscovy, Petrine em-
pire: periods of development of Russian histori-
cal identity within Byzantine, Eurasian steppe,
and Western culturally or politically occupied
spaces. The more lasting, defining influences
of such experiences, together with geography,
ethnology, and also great leaders of Russian
institutions and culture (St. Vladimir, Genghis
Khan and his Eurasian heirs, St. Sergius, Ivan
the Terrible, Peter the Great, Catherine the
Great).
E. Wood

21H 336 Modern Spain, 1469-1939

(21.373)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

Development of modern Spain from union of
Castile and Aragon to triumph of General Fran-
co in Spanish Civil War. Topics: growth and
collapse of empire, struggle to establish a
modern state, liberal experiment and oligarchic
reaction, pronunciamiento-style rebellions, rule
of new elites, collapse of monarchy and the
Republican experiment, polarization and civil
war.
W. B. Watson

21H 341 Britain in the 18th and 19th
Centuries

(21.363)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

An overview of social and cultural history or-
ganized around topics such as geography and
demography, the impact of technology, the dis-
tribution of knowledge, the structure of the
family, and the influence of the empire. Em-
phasis on interpreting a variety of primary
sources.
H. Ritvo

21H 346 France 1789-1969: From the
Revolution to Charles de Gaulle

(21.372)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

The French Revolution and the nature of the
revolutionary and Napoleonic settlement; the
search for stable political institutions to 1870;
the factors underlying the stability of French
society in the nineteenth century; the nature of
the post-1870 republican synthesis and its
breakdown in the twentieth century; the efforts
following World War 11 to reach a new political
and social settlement.
D. B. Ralston

European History

Topical Subjects

21 H 401 Origins of the Peloponnesian War
(Revised Units)

(21.368)
Prereq.: -
U (2)
3-0-6 HASS

The political and diplomatic history of Greece
from the end of the Persian Wars to the begin-
nings of the cataclysmic Peloponnesian War
between Athens and Sparta. Domestic politics
of both sides and its relations with foreign
policy: Athenian democracy and naval empire;
Spartan society and the helot problem; the
problem of war guilt. A historical inquiry into
the origins of war. 21 H 301 recommended.
J. E. Lendon

21H 402 Roman Imperialism

(21.367)
Prereq.: -
U (1)
3-0-9 HASS

How and why the Roman Republic came to
dominate the known world by 100 B.C. Rela-
tions between martial tenor of Roman society
and attitudes, army and war aims, and
diplomacy and internal politics. Was the
Roman empire assembled intentionally or unin-
tentionally? Did the Roman Republic have
foreign policy at all? The consequences of
Roman imperialism for the societies of the con-
quered and the conquerors. 21 H 302 recom-
mended.
J. E. Lendon

21 H 411 History of Western Thought,
500-1300
(New)

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Examines the development of the western in-
tellectual tradition from the fall of the Roman
Empire through the High Middle Ages. Basic
premise is that the triumph of Christianity in
Europe was not the inevitable outcome it ap-
pears from hindsight. Attention is therefore
focused not only on the development of Chris-
tian thought and practice, but on its chal-
lengers as well. Particular emphasis devoted
to Nordic paganism, the rise of Islam, Byzan-
tine orthodoxy, indigenous heretical move-
ments, and the ambiguous position of Jews in
European society.
A. McCants



212D School of Humanities and Social Science

21H 416 European Economy and Society
from the Fall of the Roman Empire to the
Industrial Revolution

(21.354)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 5

Survey of the economic and social develop-
ments in western Europe from 500 to 1750.
Subject covers the emergence and decline of
feudal institutions, the transformation of
peasant-based agriculture, the origins of
capitalist organization, and population move-
ments. Special emphasis placed on the study
of those factors, both institutional and tech-
nological, which contributed to the economic
growth and overseas expansion of western
Europe.
A. McCants

211H 421 Environment and History Since
1500

(21.36)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 5

An introduction to the interaction of environ-
ment and history. Focusing primarily on the ex-
perience of Europeans in the period after
Columbus, subject explores the influence of
nature (climate, topography, plants, animals,
and microorganisms) on human history and
reciprocal influence of people on nature.
Topics considered include the European en-
counter with the Americas, the impact of tech-
nology, and the historical context of the current
environmental crisis.
H. Ritvo

211H 425 War, State, and Society in the
Modern World

(21.384)
Prereq.: -
U (1)
3-0-6 HASS

A study of how war has been waged in the
European world and elsewhere since 1500.
Among the issues to be considered are the
changing form and modes of war; the factors,
both technological and sociopolitical, which
have influenced them; the effects of war on the
social and political structure of the countries in-
volved.
D. B. Ralston

21 H 429 Art and Society in the Dutch
Golden Age

(21.371)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

Examines the emergence and flourishing of a
national Dutch culture in the seventeenth cen-
tury. Employs both visual images and text in
an effort to uncover the nature of economic
values, religious ethics, and family life in the
Dutch Republic. Looks at the image of Dutch
society as depicted by such contemporary
masters as Rembrandt, Jan Vermeer, and Jan
Steen. Also looks to England for a comparative
perspective on the impact of commerce and
Protestantism on society.
A. McCants

21H 433 The Age of Reason: Europe in the
18th and 19th Centuries

(21.355)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 5

A study of the evolution of European society
from the end of the seventeenth century to the
outbreak of World War 1. Its politics, the nature
of its social system, the workings of its
economy, and its intellectual accomplish-
ments. Particular attention given to the
analyses made by critics and thinkers contem-
porary to the matters treated in the subject.
D. B. Ralston, B. Mazlish

211H 437 Social History of Europe, 1789 to
the Present
(Revised Units)

(21.360)
Prereq.: -
U (2)
3-0-9 HASS

Examines Europe as four macro-regions:
1) Britain, 2) the continental northwest, 3) east-
central and Mediterranean Europe, and 4) Rus-
sia. Explores how differences in pre-industrial
societies and politics shaped the tempo and
character of industrialization. Examines social
origins of communism, fascism, and
democracy. Other themes include population
and migration, women and society, the family,
and the organization of work.
D. Forsyth

21H 441 European Imperialism and
Colonialism
(Revised Units)

(21.381)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

European imperialism and colonialism in
theory and practice from 1850 through twen-
tieth-century decolonization. Dutch, British,
French, German, and Italian empires covered
comparatively to examine contrasts in tactics,
strategy, methods of control, economic ex-
ploitation, transfers of cultural values, and the
onset of stress and breakdown.
R. Kilson

21H 451 Spanish Civil War, 1936-39

(21.379)
Prereq.: -
U (2)
3-0-6 HASS

Examines how traditional conflicts in Spanish
society erupted into civil war, almost immedi-
ately provoking a worldwide response. Ex-
amines the consequences of the Civil War for
Spain and the rest of Europe in light of politi-
cal, social, and economic issues selected by
students and the instructor. Special attention
to literary responses to the war.
W. B. Watson

21H 452 Anarchism

(21.370)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS

Readings from classics of European and
American Anarchism. The study of anarchistic
and anarcho-syndicalist movements in Europe,
the utopian anarchistic communities, and the
anarchist labor and feminist struggles in the
US. Examines all branches and versions of
anarchism, from radical individualists to collec-
tivist communitarians, and various anarchistic
critiques of modern industrial society and of
the bureaucratic state.
W. B. Watson

211H 466 Imperial and Revolutionary Russia:
Culture and Politics

(21.376)
Prereq.: -
U (2)
3-0-9 HASS

Analyzes Russia's social, cultural, political
heritage, Eurasian imperialist and autocratic,
ca. 1850. Reform, modernization - and na-
tional catastrophe: World War 1, 1917 Revolu-
tion, Civil War of 1918-1921. Emphasizes
emergence of radicalism (Populism, Com-
munism) as a political culture: its role in the
making of a new order, the USSR, in the Rus-
sian empire and in world history. Larger cul-
tural themes concerning revolutionary
consciousness; films, literature, social thought.
Permission of instructor required for freshmen.
E. Wood
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21 H 467J Soviet Politics and Society,
1917-1991

(21.374J)
(Same subject as 17.601J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

See description under subject 17.601J.
D. L. M. Blackmer, E. Wood

21H 468J Seminar in the Historical and
Political Evolution of Russia

(21.378J)
(Same subject as 17.609J, STS 025J)
Prereq.: Permission of instructor
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS
A reading subject on the history and politics of
Russia and the former Soviet Union. Em-
phasizes internal developments rather than
foreign policy. Students discuss the readings
weekly. All required readings are in English,
but supplementary readings in Russian are
available for those students wishing them.
Open to advanced undergraduates with some
previous work in the Russian area. Meets with
graduate subjects 17.610J and STS 106J, but
assignments differ.
L. R. Graham

East Asian History

21 H 501 East Asian History: China

(21.460)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

History of Chinese civilization from ancient
times to the 1980s. Topics include the origins
of Chinese civilization, the competing
philosophical schools of early China, the early
empire, the effects of Buddhism, the T'ang-
Sung transition, late imperial government,
popular culture, the impact of the West, the
1911 and 1949 revolutions, and China under
Communism.
Staff

21H 502 Revolution in China, 1850-1980

(21.463)
Prereq.:-
U (1)
3-0-6 HASS

Examines social transformation and revolution-
ary upheaval in nineteenth- and twentieth-cen-
tury China. Includes Taiping Rebellion, 1911
revolution, rise of the Nationalist Party, growth
of the Chinese Communist party under Mao,
and causes of its victory in 1949. Discusses
developments in post-1 949 China and con-
cludes with recent economic reforms and the
democracy movement.
J. Strauss

21H 505 Social and Economic
Transformation in China, A.D. 900-1900

(21.462)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS
In the year 1000, China was the world's most
populous, most urbanized, and most tech-
nologically advanced civilization. By 1900, it
had become one of the world's poorest na-
tions. Why? Students examine long-term so-
cial and economic change during this period,
including geography, demography, commerce
and state economic policy, technology, agricul-
ture, popular culture, and collective action, con-
cluding with a discussion of the legacy for
economic modernization in China today.
Staff

21 H 521 Ancient Japan and the Courtly
Society
(New)

Prereq.: -
U (2)
3-0-9 HASS

Japanese history and culture from earliest
times to the late twelfth century. Covers prehis-
toric cultures, creation myths, native and bor-
rowed beliefs (Shinto, Buddhism, and
Confucianism), the origins of the imperial
dynasty, and the emergence of a highly aes-
thetic court society sometimes called "the
world of the shining prince." Readings include
many writings in translation (poems, prayers,
popular tales, classics by women, etc.). Early
art is introduced.
J. Dower

21 H 522 Japan in the Age of the Samurai
(New)

Prereq.: -
U (1)
3-0-9 HASS

Medieval Japanese society and culture from
the twelfth to the nineteenth centuries, when
political power rested largely in the hands of
feudal warriors. Topics include religion (espe-
cially Zen Buddhism), changing concepts of
"the way of the warrior," the century of
Japanese contact with Christian missionaries
and European traders beginning in the 1540s,
and the dynamic period of seclusion and ur-
banization which followed and lasted until
1853. Presentations include feature films.
J. Dower

21 H 523 Emergence of the Modern
Japanese State, 1800-1945
(Revised Content)

(21.479)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

Interdisciplinary and global perspectives on
Japan's emergence as a powerful modern
state. Begins in the period of national
seclusion which ended in 1853, then addres-
ses the creation of the Meiji state (1868-
1910), Japan's emergence as an imperialist
power, the accomplishments and costs of
rapid Westernization and "modernization," and
the road to war and defeat in World War 11.
Translated materials, graphics, and films help
provide both elite and popular Japanese
perspectives.
J. Dower

21H 536 Family, State, and Economy in
East Asian History

(21.465)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

Focuses on three themes which are vital to the
study of East Asian societies. 1) How have
Confucian ideas on the family been put into
practice in East Asia? 2) How has the intellec-
tual elite voiced its criticism of the state in im-
perial and modern times? 3) What factors in
eighteenth- and nineteenth-century China and
Japan have promoted or obstructed economic
and technological development? Most of the
subject focuses on China, but it includes com-
parative discussion of Japan.
J. Strauss

21H 541J industrial Competition in the US
and Asia

(21.464J)
(Same subject as 3.08J, TPP 03J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

See description under subject 3.08J.
P. C. Perdue, J. P. Clark

21 H 546 World War 11 in Asia: Film, Fantasy,
Fact

(21.478)
Prereq.: -
U (2)
3-0-9 HASS

Propaganda and ideology in World War II, as
seen especially through Japanese and
American eyes, from the invasion of China in
1937 through the use of the atomic bomb and
Japan's surrender in 1945. This graphic cross-
cultural approach raises questions of national
and racial stereotyping, and challenges stu-
dents to assess the role of prejudice, emotion,
and irrationality in human behavior. Uses ex-
tensive written materials from the Japanese
side and a large number of classic wartime
films from both sides.
J. Dower
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Middle Eastern History

21H 601 Islam, the Middle East, and the
West

(21.480)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

Surveys the major political, socio-economic,
and cultural changes in the Middle East from
the rise of Islam to present times (A.D. 600-
1990), with special emphasis on Islam's en-
counter with the West. Examines the rise and
fall of Islamic empires, the place of Arabs, Per-
sian and Turkic peoples, and minorities in Is-
lamic society, scientific and technological
achievements and their transmission to the
West, and the impact of European expansion
after 1800. Considers several contemporary
crises and upheavals currently facing the Mid-
dle East in light of the historical past, including
the Arab-Israeli conflict and the Iranian revolu-
tion.
J. Ge/vin

21 H 615 The Middle East in the Twentieth
Century

(21.481)
Prereq.: -
U (2)
3-0-9 HASS

Surveys major political, socioeconomic, and
cultural changes in post-World War I Middle
East through the lenses of religion, state, and
nationalism. Investigates interwar inde-
pendence struggles against Europe, followed
by the emergence of American-Soviet rivalry,
radical nationalist and socialist movements,
and the growth of modern states and societies
after 1945. Examines contemporary problems
in historical perspectives: Arab-Israel i-Pales-
tinian conflict, Lebanon War, oil and regional
security, Iranian revolution, Islamic fundamen-
talist movements.
J. Ge/vin

21 H 621 Nationalism, Imperialism,
Revolution: The Middle East

(21.483)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS

The Middle East's experience with nationalism
in the twentieth century. Examines theories
and varieties of nationalism, imperialism, and
revolution. Focus on Arab nationalism: its
origins; character of independence move-
ments; rise of radical pan-Arabism and relation-
ship with radical Islamic and Marxist
movements; special place of Palestinian
nationalism; and retreat from pan-Arabism
after 1970. Comparisons with Turkish, Iranian,
and other Third World nationalisms, and with
Islamic fundamental movements. Open to
graduate students.
J. Gelvin

21H 626J Modern Egypt and Iran: Islam and
Politics in Historical Perspective

(21.484J)
(Same subject as 17.561J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Using a comparative perspective, examines
the role of Islam, socioeconomic development,
and imperialist rivalries in shaping the charac-
ter of state and society in twentieth-century
Egypt and Iran. Explores factors that brought
about the Constitutional Revolution, the 1919
Egyptian uprising, and that toppled the Egyp-
tian monarchy in 1952 and the Shah of Iran in
1978-79. Explores the bases and aims of con-
temporary Islamic movements, their ap-
proaches to women, economic development,
and international relations. Open to graduate
students.
Staff

21 H 631 Palestine and the Arab-Israeli
Conflict

(21.482)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

Looks at the history of the Arab-Israeli conflict
from the nineteenth century up to the present.
The role of ideology, political actors, social his-
tory, economic and infrastructural problems,
regional and international interaction is ex-
plored.
J. Ge/vin

Comparative History Subjects

21H 905 Historical Fact, Historical Fiction

(21.38)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

Examines the way that written accounts of the
past reshape historical events by comparing al-
ternative versions offered by historians, by con-
temporary observers such as journalists,
politicians, and social critics, and by novelists.
Consideration of the role of narrative in histori-
cal writing, the construction and identification
of facts, and the discrimination between fact
and fiction. Readings focus on the industrial
revolution in nineteenth-century Britain and the
end of the British Raj in India.
H. Ritvo

21 H 908 History and Psychoanalysis:
Life-History

(21.386)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Applies psychology, especially
psychoanalysis, to the understanding of his-
tory. Emphasizes individual life-histories. First
part: examination of psychological theories of
Freud, Erikson, and others, and then of case
studies, such as of Hitler and Gandhi. Second
part: reports by members of the class on their
own attempts at a life-historical study.
B. Mazlish

21H 911 Comparative Slavery
(Revised Units)

(21.489)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
Critical examination of slavery in a variety of
historical contexts. Ancient Greece and Rome,
North and South America, Africa, the Ottoman
Empire, and Russia are the main foci. Among
the issues considered are causes and condi-
tions of enslavement, methods of domination,
cultures of resistance, abolition movements,
and emancipation.
R. Kilson

21H 913 The Last Hundred Years: Topics in
World History (Part 1)
(21.388)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

Global history, 1890-1945. The causes, cour-
ses, and consequences of the "Thirty Years'
War of the Twentieth Century," 1914-45.
Themes include the World Wars and related
conflicts; imperialism, racism, and genocide;
decolonization; late industrialization in Asia
and on the European "periphery"; rise of
socialism and communism; women in Western
and non-Western societies; changes in the
family; and the organization of work.
D. Forsyth

21H 914 The Last Hundred Years: Topics in
World History (Part 11)

(21.389)
Prereq.: -
U (2)
3-0-9 HASS

Global history since 1945. Explores four major
themes and their interrelationships: 1) popula-
tion and human settlement; 2) the political and
military balance of power; 3) the world
economy; and 4) global environmental change.
D. Forsyth
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21 H 915 Notable Events of the Twentieth
Century and Their Images
(New)

Prereq.: -
U (2)
2-3-7 HASS

A study of four notable events of the twentieth
century - in 1993-1994, the Russian Revolu-
tion, the rise of Fascism, the Spanish Civil
War, and the Vietnam War - in terms of the
images they created. Photographs, newsreels,
TV news reports, documentaries, propaganda
films, posters, paintings, and drawings il-
lustrate the role of visual imagery in com-
municating ideas and emotions regarding
these events. Analytical and theoretical
material dealing with the historical changes in
images and their use throughout the twentieth
century is read in addition to historical
materials dealing with each event. Students un-
dertake a term-long project focused on the role
of a particular visual medium.
W. B. Watson

21 H 921 J Ideas of the World Order:
Religion and Science

(21 .358J)
(Same subject as 21A 213J)
Prereq.: -
U(1)
3-0-9 HASS-D, Category 2

Examines how myth, religion, and science
have invented answers to fundamental ques-
tions about the structure of the universe and
its beginning and end, the origins of life, the
relationship between physical reality and spirit;
how we know these things and who are the dis-
coverers and guardians of these truths. Read-
ings drawn from world mythologies, central
texts of Judaism, Christianity, Hinduism, and
classics of scientific thought.
A. Kaledin, J. G. King, A. Steinberg

21 H 926 Humans, Animals, and Machines
(New)

Prereq.: -
U (1)
3-0-9 HASS

Focuses, by means of a historical and evolu-
tionary perspective, on the effort of humans to
define themselves in comparison with (other)
animals and machines. Also, considers the
possibility of computer robots as a new
species. Explores these issues by using
literary, cinematic, philosophical, and historical
texts; for example, novels and science fiction
by Samuel Butler, H. G. Wells, and I. Asimov;
treatises by Descartes and Turing; various his-
torical treatments of automata and in-
dustrialization; and films such as 2001, Blade
Runner, etc. Research by students on agreed-
upon readings and topics encouraged.
Restricted to 15 students.
B. Mazlish

Special Subjects in History

21H 931 Seminar in Historical Methods
(Revised Units)

(21.494)
Prereq.: Two History subjects
U (2)
2-0-7 HASS

An examination of the forms of historical writ-
ing, the construction and analysis of historical
argument, and the methods of historical re-
search. Draws on writings that cut across
standard national and chronological fields, and
on "classic" historical writings as well as
modern scholarship. Open to all students, but
required of history majors and minors.
P. Maier

21 H 932 Special Topics in History

(21.490)
Prereq.: -
U (1, IAP)
Units arranged
Can be repeated for credit

21H 933 Special Topics in History

(21.491)
Prereq.: -
U (2)
Units arranged
Can be repeated for credit

Individual supervised work for students who
wish to study topics not covered in the regular
history offerings. Before registering for this sub-
ject, a student must plan a course of study
with some member of the History Faculty and
secure approval from the Head of the History
Faculty. HASS credit for Special Topics sub-
jects awarded only by individual petitions to
the Committee on Curricula. Normal maximum
is 6 units; to count toward HASS Requirement,
9 units are required. Exceptional 9-unit
projects occasionally approved.
Staff

Graduate Subjects in History

21H 951J The Culture and Society of Early
Industrial America

(21.440J)
(Same subject as STS 11 4J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
See description under subject STS 114J.
P. Maier, M. R. Smith

21H 952J Reading Seminar in American
History, 1877 to the Present

(21.441J)
(Same subject as STS 11 8J)
Prereq.: -
G (1)
3-0-9
Aims to develop a teaching knowledge of the
field by exploring the following: 1) methods,
theories, historiography; 2) surveys of the en-
tire period; 3) selected topics. Topics for 1993:
the rise of industrial capitalism, 1877-1929;
class, culture, and politics in depression and
war, 1929-1945; gender, race, and
nationalism in the early cold war, 1945-1960;
the Vietnam War. Students make frequent oral
presentations and help lead discussions.
C. Appy

21H 961J The State and the Economy in
Europe, 1929-1951

(21 .362J)
(Same subject as 17.174J)
Prereq.: -
G (1)
3-0-9
See description under subject 17.174J.
D. Forsyth

21H 966J Marx, Darwin, and Freud

(21 .369J)
(Same subject as STS 120J)
Prereq.: -
G (1)
3-0-9

In-depth historical and critical study of the at-
tempts of Marx, Darwin, and Freud to inves-
tigate the natural and cultural development of
humans and society; these attempts are
treated as problems in creativity, intellectual
history, the history and philosophy of the cul-
tural sciences, and social thought. Open to un-
dergraduates.
B. Mazlish

21H 967J The Culture of Capitalism

(21.495J)
(Same subject as STS 115J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
What is the culture influenced or produced by
capitalism that in turn provides the context in
which capitalism develops? We will explore
this question through readings and student-led
discussion on these topics: the market as
mechanism and ideology; the Marxist critique;
capitalism and religion; utilitarianism; the
Romantic critique; the emergence of consumer
culture; Social Darwinism; private happiness in
a market economy; modernism in the arts; the
concept of hegemony; the idea of progress;
and the global expansion of capitalism. (Open
to undergraduates.)
B. Mazlish
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21 H 970 Theories and Methods in the Study
of Asian History
(New)

Prereq.: -
G (2)
3-0-9
Examines a variety of approaches in modern
social history, focusing on those most relevant
to Chinese history from the Song dynasty to
the twentieth century. Topics include: long-
term agrarian history, gendered history, labor
history, peasant mobilization and revolution,
new cultural history, new economic history,
comparative and global history, and studies of
ethnicity and nationalism. Includes discussion
of the applicability of Western social science
theories to Chinese history. Some knowledge
of modern or classical Chinese recommended.
P. C. Perdue

21H 977J Politics, Technology, and
Public Policy in the Middle East

(21.485J)
(Same subject as 17.558J, 1.255J, 11.488J,
STS 509J)
Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.558J.
F. Moavenzadeh, N. Choucri, L. Trilling, P. S.
Khoury

21H 991J Proseminar: Theories and
Methods in the Study of History

(21.498J)
(Same subject as STS 102J)
Prereq.: Permission of instructor
G (2)
3-0-9
Examines the question, "What is History?" and
seeks to become familiar with various ap-
proaches, e.g., quantitative, psychological,
Marxist, Weberian, etc. Focuses on the
development of social history in the twentieth
century since the rise of the Annales school,
examining modern approaches to European,
Asian, and comparative history. (Open to
qualified undergraduates.)
P. C. Perdue

21H 992 Advanced Topics in History

(21.492)
Prereq.: -
G (1)
Units arranged

21H 993 Advanced Topics in History

(21.493)
Prereq.: -
G (2)
Units arranged

Individual supervised work for graduate stu-
dents on a topic or field of history not covered
at the graduate level in the regular history offer-
ings. Before registering for this subject, a stu-
dent must plan a course of study with a
member of the History Faculty and secure the
approval of the head of the History Faculty.
Staff

For individual research in History, register
for 21H UR or 21H URG. For History pre-
thesis tutorial, register for 21H ThT. For un-
dergraduate thesis, register for 21H ThU.
Descriptions of these subjects can be
found in the beginning of this section
under 21 UR, 21 URG, 21 ThT, and 21 ThU
on page 193D.

Literature

Consult Literature Headquarters, 14N-409, for
the most up-to-date information about
requirements and subject offerings.

The subjects listed below are arranged in
three graduated categories or tiers:
1) Introductory subjects (21 L 001-21 L 012),
focused on major literary texts grouped in
broad historical and generic sequences, all
carrying HASS Distribution credit. Enroll-
ment in HASS-D subjects is strictly limited
to a maximum of 25 students per section.
2) Intermediate subjects (21L 021-21L 512),
some carrying HASS Distribution credit
and some limited to students who have al-
ready taken one literature course. Inter-
mediate subjects explore literary forms in
greater depth and center on historical
periods, literary themes, or genres. Stu-
dents are encouraged to consult individual
instructors about prerequisite require-
ments.
3) Seminars (21 L 701-21 L 708), restricted
to students who have taken at least two pre-
vious subjects in literature. Enrollment in
seminars is strictly limited to a maximum
of 12 students.

A supplement to this catalogue, available
from the Literature Section offices, offers
more detailed descriptions of all literature
subjects and includes specific information
about required texts, writing assignments,
and examinations.

Introductory Subjects

21 L 001 Foundations of Western Culture 1:
Homer to Dante

(21.001)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 2

Studies a broad range of texts essential to un-
derstanding the two great sources of modern
conceptions of the world and humanity's place
within it: the ancient world of Greece and
Rome and the Judeo-Christian world that chal-
lenged and absorbed it. Stresses appreciation
and analysis of literary, philosophical, and
religious texts which came to represent the
common cultural possession of our own cul-
ture. Typical reading list includes Homer,
Sophocles, Aristotle, Plato, Thucydides, Virgil,
Lucretius, St. Augustine, and Dante.
L. V. Galdieri, Staff
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21 L 002 Foundations of Western Culture III:
Renaissance to Modernity

(21.002)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 2

Complementary to 21 L 001. A broad survey of
texts - literary, philosophical, and
sociological - studied to trace the growth of
secular humanism, the loss of a supernatural
perspective upon human events, and changing
conceptions of individuality and social and
communal purpose. Stresses appreciation and
analysis of texts that came to represent the
common cultural possession of our time.
T. Theoharis, I. Tayler

21 L 003 Introduction to Fiction

(21.003)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 1

Introduces prose narrative, both short stories
and the novel. Emphasizes literary structure
and the relations between fiction and its
audience.
R. Perry

21 L 004 Major Poets

(21.004)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 1

Emphasis on analytic reading of poetry. Focus
on nature and development of major poetic
forms in Anglo-American literature, with some
attention to other national and cultural tradi-
tions. Typical syllabus includes Shakespeare,
Donne, Wordsworth, Dickinson, Whitman,
Frost, Bishop, and Rich.
J. Hildebidle

21 L 005 Introduction to Dramatic Art

(21.005J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 3

A study of the history of theater art and prac-
tice from its origins to the modern period, in-
cluding its development in nonwestern
cultures. Special attention to the relationship
between theater and the intellectual, social,
and political currents of its time. Readings in-
clude representative critical theory and descrip-
tion as well as major playscripts.
T. Theoharis

21 L 006 American Literature

(21.006)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 1

Studies the national literature and emerging so-
cial values of the United States. After ground-
ing our discussion in issues from
seventeenth-century texts, we move through
novels, essays, films, and poems from the mid-
nineteenth to the mid-twentieth centuries,
focusing on efforts to define an American iden-
tity amidst cultural diversity, and on alternate
visions of America. Readings in the works of
such writers as Emerson, Whitman, Thoreau,
Melville, Frederick Douglass, and Dickinson.
J. Hildebidle

21 L 008 The Bible
(21.008)
Prereq.: -
U (2)
3-0-9 HASS

An introduction to major Biblical texts including
Genesis, Exodus, Job, the prophetic and his-
toric books of the Old Testament, and the
Gospels and Epistles. Stresses the place of
the Bible as foundation text for central
religious, ethical, and political thinking. Com-
parative readings in related traditions, ancient,
Near Eastern, and Middle Eastern. Investiga-
tion of the Bible as influence in later narrative,
philosophic, and artistic traditions.
L. V. Galdieri

21L 009 Shakespeare
(21.009)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 1

Close study of the major comedies, histories,
and tragedies in the context of Renaissance
thought, Elizabethan theatre, and the political
and social setting of Shakespeare's age. Lec-
tures and class discussions each week, supple-
mented by occasional reading of scenes and
attendance at live or filmed performances.
L. Kampf, P. S. Donaldson, M. C. Fuller

21L 011 The Film Experience
(Revised Units)

(21.011)
Prereq.: -
U (1, 2)
3-3-6 HASS-D, Category 3

An introduction to narrative film, emphasizing
the unique properties of the movie house and
the motion-picture camera, the historical evolu-
tion of the film medium, and the intrinsic artistic
qualities of individual films. Syllabus changes
from semester to semester, but usually in-
cludes such directors as Griffith, Chaplin,
Renoir, Ford, Hitchcock, De Sica, Fellini.
D. Thorburn, H. Jenkins

21 L 012 Forms of Western Narrative

(21.012)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 1

Major narrative texts from diverse western cul-
tures, beginning with Homer and concluding
with at least one film. Emphasis on literary and
cultural issues: on the artistic significance of
the chosen texts and on their identity as
anthropological artifacts whose conventions
and assumptions are rooted in particular
times, places, and technologies. Syllabus
varies, but always includes a sampling of
popular culture (folk tales, ballads) as well as
at least three of the following landmark narra-
tives: the Iliad or the Odyssey, Don Quixote,
Anna Karenina, Ulysses, a classic film.
I. Tayler

21 L 021 Comedy
(Revised Units)

(21.021)
Prereq.: -
U (2)
3-3-6 HASS-D, Category 1

Surveys a range of comic texts from different
media, the cultures that produced them, and
various theories of comedy. Authors and direc-
tors studied may include Aristophanes,
Shakespeare, Moliere, Austen, Chaplin.
D. Thorburn

Intermediate Subjects

Genres and Themes

See also SP 433.

21 L 422 Tragedy

(21.022)
Prereq.: -
U (2)
3-0-9 HASS

Aspects of the tragic as a mode of literature
and a quality of lived experience pursued in
readings that extend from the warfare of the
ancient world to the experiences of modern
life. Authors include Aeschylus, Sophocles,
Euripides, Shakespeare, Balzac, Tolstoy,
Ibsen, Thomas Mann; selections from the
Bible; theory of tragedy by Aristotle and
Nietzsche. Includes viewing of at least two
films.
A. C. Kibel
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21 L 430 Popular Narrative

(21.030)
Prereq.: One subject in Literature
U (2)
3-0-9 HASS
Can be repeated for credit

Examines the relationship between popular
and high culture and the problem of evaluating
texts that tell stories. Treats a range of narra-
tive and dramatic works as well as films. May
be repeated once for credit, with permission of
instructor. Topic for 1993-94: Horror and the
Supernatural.
H. Jenkins

21L 432 American Television: A Cultural
History
(Revised Units)

(21.032)
Prereq.: One subject in Literature
U (2)
3-3-6 HASS

Television's evolution as a system of story tell-
ing and myth making, studied from
anthropological, literary, and cinematic
perspectives. Centers on prime-time commer-
cial broadcasting but also examines the
medium's technological and economic history
as well as the theoretical perspectives from
which scholars and policymakers have per-
ceived our television system. Much required
viewing as well as readings in media theory
and cultural interpretation.
D. Thorbum

21 L 433 Major Film Directors
(Revised Units)

(21.033)
Prereq.: One subject in Literature
U (2)
3-3-6 HASS
Can be repeated for credit

Close study of films by major directors. Em-
phasizes cultural contexts and the distinctive
styles and themes of each director. Syllabus
varies from year to year but always includes
films from different historical periods and,
usually, a mix of American and international
films by such figures as Renoir, Hitchcock, and
Mizoguchi. May be repeated for credit by per-
mission of instructor.
D. Thorburn

21 L 434 Science Fiction
(Revised Units)

(21.034)
Prereq.: -
U (1)
3-3-6 HASS

Traces the history of science fiction as a
generic tradition in literature, media, and
popular culture. Considers formal ideological
and cultural approaches to the analysis and in-
terpretation of science fiction texts.
H. Jenkins

21 L 435J Film and Literature

(21.035J)
(Same subject as 24.209J)
Prereq.: One subject in Literature or one
Philosophy subject
U (2)
3-0-9 HASS

See description under subject 24.209J.
/. Singer

21L 436J Art as Meaning and Technique
(New)

(Same subject as 24.113J)
Prereq.: -
U (1)
3-0-9 HASS
Philosophical analysis of various arts, with an
emphasis on the ways in which they both cre-
ate and communicate meaning through techni-
ques that define their formal structure.
Particular focus on aesthetic problems about
the expression of feeling and cognition in film,
literature, and opera. Readings in recent
philosophy and art theory.
/. Singer

21 L 441 Women in Literature

(21.041)
Prereq.: One subject in Literature
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
Women in literature and women's literature.
We consider not only the representation of
women in literary texts but the impact of
gender on the construction of texts: how do
women inhabit the literary world and how do
they "write" it. Examination of American texts
of the nineteenth and early twentieth centuries,
by writers such as Gilman, Chopin, Wharton,
and Cather.
Staff

21 L 444J New World Literature

(21.044J)
(Same subject as 21 F 820J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 1

Studies in comparative patterns of develop-
ment in the diverse American traditions of
literature, race, gender, and cultural identity.
Works from the Americas, as well as by
European writers responding to America.
M. C. Fuller

21 L 445 Forms of Desire: Lesbian and Gay
Literature

(21.045)
Prereq.: One subject in Literature or permis-
sion of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
A history of the emergence of a conscious
literature by/about lesbians and gay men.
Charts the changes in the representation of
lesbian/gay identity in Europe and America
during the last hundred years; samples con-
temporary work from Asia, Africa, and South
America; examines relations between
sexuality, race, and class; explores the inter-
section of ideology and textual pleasure. Read-
ings to include high literature - short stories,
poetry, novels - as well as pulp fiction, por-
nography, drama, film, memoirs, rock lyrics,
cartoons, personal testimony.
D. M. Ha/perin

21 L 448J Darwin and Design

(21.048)
(Same subject as 21W 739J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 2

In Origin of Species, Darwin provided a model
for understanding the existence of objects and
systems manifesting evidence of design
without positing a designer, of purpose and
mechanism without intelligent agency. Texts
deal with pre-Darwinian and later treatment of
this topic within literature and speculative
thought since the eighteenth century, with
some attention to the modern study of "feed-
back mechanism" in artificial intelligence.
Readings in Hume, Voltaire, Malthus, Darwin,
Butler, Hardy, H. G. Wells, and Freud.
A. C. Kibel, J. Paradis

21 L 449 The End of Nature

(21.049)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 2

History of ideas about the relation of human
culture to the natural environment. Examina-
tion of three notions: nature as a habitation for
mankind, nature as indifferent, nature as adver-
sary. Consideration of the idea that nature is a
source of ethical judgment. Texts are both
literary and nonliterary, narrative and discur-
sive. Authors include Shakespeare, Francis
Bacon, Defoe, Rousseau, Wordsworth,
Thoreau, Darwin, H. G. Wells, and Faulkner.
Enrollment may be limited.
A. C. Kibel
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Periods of World Literature

21 L 460 Medieval Literature

(21.060)
Prereq.: One subject in Literature
U (2)
3-0-9 HASS

Introduces literature of the Middle Ages, con-
centrating on such central writers and works
as Boethus, St. Augustine, Romance of the
Rose, Dante, Chaucer, and Boccacio. Secon-
dary reading on the social context of medieval
literature. Enrollment may be limited.
L. V. Galdieri

21 L 463 Renaissance Literature

(21.063)
Prereq.: One subject in Literature
U (1)
3-0-9 HASS

Readings are organized around topics (Renais-
sance Self-Fashioning, Courtship and Courtier-
ship, Gender and the Emerging Individual) or
literary genres (lyric, epic, drama, prose).
Works drawn primarily from the Italian and
English Renaissance, and may include such
figures as Petrarch, Shakespeare, More, Jon-
son, Machiavelli, Castiglione, Milton, Spenser,
Bacon, Donne, Sidney.
M. C. Fuller

21 L 470 Eighteenth-Century Literature

(21.070)
Prereq.: One subject in Literature
U (1)
3-0-9 HASS

Introduces England's Augustan age through
representative authors and literary forms. Em-
phasizes these cultural issues: commercializa-
tion of art, city vs country, rise of the middle
class, travel and exploration, romantic love
and marriage, growth of capitalism, party
politics, gender stereotypes. Background read-
ings, lectures, slide-shows, group discussion.
Authors include Addison and Steele, Defoe,
Swift, Astell, Pope, Montagu, Richardson,
Fielding, Johnson.
R. Perry

21 L 471 Major English Novels

(21.071)
Prereq.: One subject in Literature
U (2)
3-0-9 HASS

Study of six to eight major English novels of
the eighteenth, nineteenth, and twentieth cen-
turies, beginning with Bunyan's Pilgrim's
Progress and including works by such authors
as Defoe, Richardson, Fielding, Sterne, Aus-
ten, the Brontbs, Dickens, Hardy, Lawrence,
Joyce, and Doris Lessing. Historical and criti-
cal background readings regularly assigned.
Discussion, several papers.
/. Tayler

21 L 472 Major European Novels

(21.078)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

A study of changing narrative forms in the
nineteenth-century European novel. The
changing fortunes of the heroic and romantic
ideals. The motif of the outsider as a means
for depicting social reality. Readings in Cervan-
tes, Balzac, Stendhal, Flaubert, Dostoevsky,
Tolstoy, Proust.
A. C. Kibel

21L 475 Irish Literature

(21.075)
Prereq.: One subject in Literature
U (2)
3-0-9 HASS

Studies in the literature and history of Ireland,
with special attention to periods of significant
social readjustment (the Famine, the Great
Migration, the Easter Uprising, the Civil War,
the Troubles). Emphasis on the political and
comic visions of Irish experience. Readings in
works by such writers as W. B. Yeats, John
Synge, Augusta Gregory, James Joyce,
Samuel Beckett. Enrollment limited.
J. Hildebidle

21 L 476 Romantic Poetry

(21.076)
Prereq.: One subject in Literature
U (1)
3-0-9 HASS

Close readings of the major British Romantic
poets (Blake, Wordsworth, Coleridge, Byron,
Scott, Burns, Shelley, Keats), with some atten-
tion to their literary and historical context. Dis-
cussion and several short papers.
/. Tayler

21 L 479J Love and Death in the
Nineteenth-Century European Novel
(New)

(Same subject as 21 F 824J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

See description under subject 21 F 824J.
J. Murray

21L 480J Russian Novel of the Nineteenth
Century

(21.080)
(Same subject as 21 F 872J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

See description under subject 21 F 872J.
C. V. Chvany

21 L 481 Reading Victorian Culture

(21.081)
Prereq.: One subject in Literature
U (2)
3-0-9 HASS

An introduction to the culture of nineteenth-
century Britain through a variety of texts, em-
phasizing the continuities between literature
and other modes of discourse. A core list of
works of major authors like Tennyson and
George Eliot will be discussed in the context of
journalism, scientific writing, travel literature,
and related genres; visual materials will be in-
troduced where relevant. Readings will also be
connected by a common theme, such as na-
ture or imperialism, which may vary from year
to year.
J. Paradis

21 L 485 Twentieth-Century Fiction

(21.085)
Prereq. One subject in Literature
U (1)
3-0-9 HASS

Tradition and innovation in representative fic-
tion of the early modern period. Recurring
themes: the role of the artist in the modern
period, the representation of psychological and
sexual experience, the virtues (and defects) of
the aggressively experimental character of so
many modern books. Works by such writers as
Conrad, Kipling, Isaac Babel, Kafka, James,
Lawrence, Mann, Ford Madox Ford, Joyce,
Woolf, Faulkner, and Nabokov.
D. Thorburn

21 L 486 Twentieth-Century Drama

(21.086)
Prereq.: One subject in Literature
U (1)
3-0-9 HASS

Reading and discussion of major modern
plays (and some films) from Ibsen through
Beckett and beyond. Features works by such
authors as Shaw, Chekhov, Pirandello, Odets,
lonesco, Brecht, O'Neill, Pinter, Mrozek, Stop-
pard, Kaufman and Hart, and Mamet.
Staff

21 L 487 Modernist Poetry

(21.087)
Prereq.: One subject in Literature
U (1)
3-0-9 HASS

Studies important trends in modern thought
and sensibility as reflected in the poetry of the
twentieth century. Readings include
Baudelaire, Hardy, Pound, Auden, Cavafy,
Bishop, Yeats, Eliot, Williams, Stevens, Frost,
Duncan.
T. Theoharis
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21 L 488 Contemporary Literature

(21.088)
Prereq.: One subject in Literature
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Fiction, drama, poetry, and film, mostly of the
1960s, 1970s, and 1980s. Focus on a wide
range of themes, as well as on experiments
with literary and theatrical technique. Readings
in such figures as Beckett, Heller, Pinter,
Weiss, Rich, Lessing, Walter, Solzhenitsyn,
O'Neill, Pynchon, Nabokov, Momaday, Bellow.
Format: informal lectures, much discussion,
several short papers.
Staff

21 L 489J The Structure and Interpretation
of Non-Linear and Interactive Narrative
(New)

(Same subject as 21W 765J)
Prereq.: -
U (2)
3-0-9 HASS

See description under subject 21W 765J.
J. Murray

American Literature

See also 21 L 006.

21 L 501 The American Novel

(21.101)
Prereq.: -
U (1, 2)
3-0-9 HASS

Works by major American novelists, usually
beginning with Hawthorne or Melville and con-
cluding with a contemporary novelist. Major
emphasis on reading novels as literary texts,
but attention as well to historical, intellectual,
and political contexts. The syllabus varies from
term to term, but many of the following writers
are represented: Hawthorne, Melville, Twain,
Cather, Wharton, James, Hemingway,
Fitzgerald, Faulkner.
Staff

21 L 504 Race and Identity in American
Literature

(21.104)
Prereq.: -
U (1)
3-0-9 HASS

The quest for identity in the writing of
America's racial and ethnic minorities. Em-
phasis on the writers' problematic relation to
the dominant values and traditions of the
majority culture. Readings in Douglass,
DuBois, Ellison, Wright, Baldwin, Hurston,
others. Discussion, occasional brief lecture.
Staff

21 L 505 American Voices

(21.105)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Considers a variety of North Americans at-
tempting to define the dream of success.
Materials: "high literature," folktales, slave nar-
ratives, blues, films, songs, jokes, Indian narra-
tives, oral history. Reading and listening
include selections from the works of Benjamin
Franklin, Miguel Pi'iero, Alice Walker, Black
Elk, slave and immigrant narratives, Studs
Terkel, Maxine Hong Kingston. Restricted to
25 students.
L. Kampf

21L 512 American Authors

(21.112)
Prereq.: One subject in Literature
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Examines in detail the works of three or four
American authors. Through close readings of
poetry, novels, or plays, addresses such is-
sues as literary influence, cultural diversity, the
writer's career. Readings include works by
Harriet B. Stowe, Frederick Douglass, James
Baldwin, and Charlotte P. Gilman. Format: Lec-
ture-discussion, papers.
Staff

Seminars

21 L 701 Literary Interpretation

(21.171)
Prereq.: Two subjects in Literature
U (1)
3-0-9 HASS
Can be repeated for credit

Introduces practice and theory of literary
criticism. Seminar focuses on topics such as
the history of critical methods and techniques,
and the continuity of certain subjects in literary
history. Limited to 12. Topic for 1993-94: Nar-
rative theory and practice.
A. C. Kibel

21 L 702 Studies in Fiction

(21.172)
Prereq.: Two subjects in Literature
U (1)
3-0-9 HASS
Can be repeated for credit

Intensive study of a range of texts by a single
author or by a limited group of novelists whose
achievements are mutually illuminating. Some
attention to narrative theory, and biographical
and cultural backgrounds. Term paper based
on seminar presentations. Topic for 1993-94:
Women Novelists Since World War 11. Limited
to 12.
L. Kampf

21 L 703 Studies in Drama

(21.173)
Prereq.: Two subjects in Literature
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
Can be repeated for credit

Close study of two or three major dramatists,
emphasizing the evolution of their work. Some
attention to historical and theoretical accounts
of the nature of drama.
P. S. Donaldson

21 L 704 Studies in Poetry

(21.174)
Prereq.: Two subjects in Literature
U (1, 2)
3-0-9 HASS
Can be repeated for credit

Extensive reading of works of a few major
poets. Emphasizes the evolution of each
poet's work and the questions of poetic in-
fluence and literary tradition. Topic for 1993-
94: Term 1: Contemporary Poetry: The
Woman's Voice. Term 2: Renaissance Poetry.
Limited to 12.
Term 1: J. Hildebidle
Term 2: M. C. Fuller

21 L 705 Major Authors

(21.175)
Prereq.: Two subjects in Literature
U (1, 2)
3-0-9 HASS
Can be repeated for credit

Close study of a limited group of writers.
Topics for 1993-94: Term 1: Chaucer. Term 2:
1) Wilde, Yeats, Beckett; 2) Hemingway.
Limited to 12.
Term 1: L. V. Galdieri
Term 2: 1) T. Theoharis 2) W. Watson

21L 706 Studies in Film and Media
(Revised Units)

(21.176)
Prereq.: Two subjects in Literature
U (1, 2)
3-3-6 HASS
Can be repeated for credit

Intensive study of films of a particular period or
genre, or films by a single director. Topics for
1993-94: Term 1: Film Analysis. Term 2: The
American Film Musical. Limited to 12.
Term 1: H. Jenkins
Term 2: E. B. Turk
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21L 707 Problems in Cultural Interpretation

(21.177)
Prereq.: Two subjects in Literature
U (2)
3-0-9 HASS
Can be repeated for credit

Studies in the relation between imaginative
texts and the culture surrounding them. Em-
phasizes ways in which imaginative works ab-
sorb, reflect, and conflict with reigning attitudes
and world views. Topic for 1993-94: The
Years Before the Catastrophe: American
Literature 1845-1862.
C. Griffin Wolff

21L 708 Technologies of Humanism
(Revised Units)

(21.178)
Prereq.: Two subjects in Literature
U (2)
3-3-6 HASS

Studies in the relations between literature
(primarily of the Renaissance and Early
Modern periods) and the technologies as-
sociated with its production and dissemination.
Topic for 1993-94: Interactive Shakespeare. A
seminar focused on using the computer to
study Shakespeare's texts, the early printed
editions, and contemporary performances on
film in close conjunction.
P. S. Donaldson

21L 996, 21L 997 Special Topics in Film and
Media

(21.196, 21.197)
Prereq.: Two subjects in Film and Media
U (1, 2)
Units arranged
Can be repeated for credit

Open to qualified students who wish to pursue
special projects with members of the film and
media studies faculty. Individual projects or
projects involving small groups of students are
encouraged. Maximum of 6 units credit. Per-
mission of Director of Film and Media Studies
required.
H. Jenkins

21 L 998, 21 L 999 Special Topics in
Literature

(21.198, 21.199)
Prereq.: Two subjects in Literature
U (1, IAP, 2)
Units arranged
Can be repeated for credit

Open to qualified students who wish to pursue
special studies or projects with members of the
Literature faculty. Before registering for this
subject, students must secure the approval of
the Literature faculty chairman. HASS credit
for Special Topics subjects awarded only by in-
dividual petitions to the Committee on Cur-
ricula. Normal maximum is 6 units; to count
toward HASS Requirement, 9 units are re-
quired. Exceptional 9-unit projects occasionally
approved.
P. S. Donaldson

For individual research in Literature,
register for 21 L UR or 21 L URG. For Litera-
ture pre-thesis tutorial, register for
21L ThT. For undergraduate thesis, register
for 21 L ThU. Descriptions of these subjects
can be found in the beginning of this sec-
tion under 21 UR, 21 URG, 21 ThT, and 21
ThU on page 193D.

Music

Consult Music Headquarters, 14N-207, for the
most up-to-date information about
requirements and subject offerings.

The Music subjects described below are
grouped within seven areas: introductory,
interdisciplinary, history/literature,
theory/composition, performance, special
topics/advanced subjects, and music and
media.

Although most students start with introduc-
tory subjects, those who have vocal or in-
strumental training or extensive exposure
to music are encouraged to begin at a
higher starting level.

IntroduCtory Subjects

21M 011 Introduction to Western Music

(21.60)
Prereq.: -
U (1, 2)
4-0-8 HASS-D, Category 3

Gives students a broad overview of Western
music from the Middle Ages to the twentieth
century, with emphasis on late Baroque, Clas-
sical, Romantic, and Modernist styles. Enhan-
ces the musical experience by developing
listening skills and an understanding of diverse
forms and genres. Major composers and
works placed in social and cultural contexts.
Weekly lectures feature demonstrations by
professional performers, and introduce topics
to be discussed in sections. Enrollment may
be limited.
M. Marks, P. Ambush, D. Deveau, G. Ruckert
E. Ruehr

21 M 030 Introduction to World Music

(21.623)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 3

An introduction to various types of musical
practices found outside the Western art tradi-
tion. Music of Africa, the African diaspora,
India, and Indonesia studied in terms of struc-
ture, performance practice, social use, aes-
thetics, and cross-cultural contact. Course
work includes in-class instruction in West
African drumming, Pygmy polyphony, Indian
drum solfege, and Balinese interlocking parts.
E. Ziporyn, G. Ruckert
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21 M 051 Fundamentals of Music
(Revised Content)

(21.601)
Prereq.: -
U (1, 2)
3-3-3 HASS

Elements of music are introduced by providing
students with tools for training the voice, inner
ear, and musical memory. Using the solfege
system, students master intervals, major and
minor scales and key signatures, take rhythmic
and melodic dictation, and become familiar
with the system of functional harmony. In-
cludes weekly sightsinging lab and piano lab in-
troducing students to score reading and
technique.
P. Ambush, G. Ruckert

21M 052 Fundamentals of Music
(Revised Content and Units)

(21.602)
Prereq.: -
U (1)
3-3-3 HASS

Emphasis is on the practical development of
students' musical intuitions. Music fundamen-
tals such as notation, scales, rhythmic struc-
ture, common forms, and harmony are
introduced through close listening to and
analysis of short compositions, along with ex-
periments in musical composition within a com-
puter environment. As a term project, each
student studies and learns to perform a com-
position at his/her own ability level. Includes
weekly sightsinging lab and piano lab introduc-
ing students to score reading and technique.
J. S. Bamberger

Interdisciplinary Subjects

21M 113 Developing Musical Structures

(21.605)
Prereq.:-
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-3-6 HASS

What is the role of analysis and description in
developing musical intuitions and perceptual
problem-solving? The LogoMusic computer
language is used as an environment for inter-
rogating the bases of musical coherence. A
term project includes designing a "tool kit" for
procedural analysis of a significant work and
for generating new pieces through procedural
composition.
J. S. Bamberger

21M 150J Learning to Design and Designs
for Learning

(21.612J)
(Same subject as 11.101J)
Prereq.: -
U (2)
3-6-3 HASS

How generalizable is design knowledge? How
is it acquired? What are the elements, rela-
tions, exemplars, and representations that
guide it? We build a culture of reflection on
questions like these, starting with a few simple
design tasks; then go on to designing in two
specialized fields - mechanical structures and
computer programming. On the basis of our ex-
perience in initial tasks and specialized areas,
we examine similarities and differences in
design processes across media and domains
of expertise.
J. S. Bamberger, D. Schon

History/Literature

21M 201 Western Music to 1750

(21.621)
Prereq.: Permission of instructor
U (1)
3-0-9 HASS

European art music from its foundation in antiq-
uity through the Christian Middle Ages, the
Italian Renaissance, and the Baroque. Written
assignments offer the opportunity to write
about the music itself and about topics in the
history of musical style.
M. Marks

21M 205 Western Music after 1750

(21.622)
Prereq.:
U (2)
3-0-9 HASS

A chronological survey of European art music
during the Classic, Romantic, and Modern
periods. Compositions analyzed in detail, and
placed within their historical context. Most writ-
ten assignments analyze musical works, so
score-reading ability is helpful.
L. Lindgren

21M 215 American Music

(21.635)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

First half focuses on the role of music in North
American society (especially the Boston area)
during the eighteenth and nineteenth cen-
turies. Second half surveys the music of twen-
tieth-century North America, including
"classical," Broadway show, film, and popular
music, but excluding jazz.
M. Harvey

21M 226 Jazz

(21.636)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 3

Historical survey beginning with early jazz,
Joplin, Morton, Armstrong, Smith; continuing
with a study of the Ellington, Basie, Goodman,
and Herman bands; and concluding with a
number of individual performers - Parker, Rol-
lins, Monk, Holliday, Gillespie, Mingus,
Davis - and some recent developments in
writing and playing. Examination of jazz source
music: early blues, spirituals, show tunes.
Some investigation of jazz-derived musics:
post-World War 11 pop and rock. Enrollment
may be limited.
M. Harvey

21 M 230 Vivaldi, Bach, and Handel

(21.625)
Prereq.: -
U (1)
3-0-9 HASS

Representative works of three great com-
posers who wrote at the culmination of the
Baroque era in music are examined and re-
lated both to compositions by their precursors
and societal and intellectual developments of
the time in Italy, Germany, and England.
Score-reading ability helpful.
L. Lindgren

21M 240 Haydn, Mozart, and Beethoven

(21.626)
Prereq.: Permission of instructor
U (2)
3-0-6 HASS

A study of musical life during the second half
of the eighteenth and early nineteenth cen-
turies through representative works of these
composers. Emphasis on harmonic, melodic,
and structural development in relationship to in-
tellectual, artistic, and social patterns of the
period. Required reading and listening assign-
ments.
L. Lindgren

21 M 250 Schubert to Mahler

(21.627)
Prereq.: Permission of instructor
U (1)
3-0-6 HASS

A survey of the principal developments in musi-
cal style during the nineteenth century. Works
for consideration in weekly class discussions
drawn from the music of Beethoven, Schubert,
Schumann, Brahms, Berlioz, Chopin, Liszt,
Wagner, Verdi, Richard Strauss, and Mahler.
Required reading and listening assignments.
L. Lindgren
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21M 262 Twentieth-Century Music

(21.628)
Prereq.: -
U (2)
3-0-6 HASS

A survey of major works of the twentieth cen-
tury, beginning with Schoenberg, Stravinsky,
Bartok, and Ives; continuing with Varese,
Webern, Hindemith, Copland, Sessions, Brit-
ten, Prokofiev, and Dallapiccola, and closing
with some recent music.
P. Child

21M 271 Symphonic Music

(21.631)
Prereq.: Permission of instructor
U (1)
3-0-9 HASS

The evolution of symphonic forms from the
Baroque to the twentieth century. Special at-
tention focused on the works of Haydn,
Mozart, and Beethoven. Recordings and op-
portunities to hear live performances aug-
mented by class discussion.
0. M. Epstein

21M 273 Operas of Mozart, Verdi, Wagner

(21.633)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

Focuses on the way in which music has inter-
preted and enriched three dramatic texts set
by each composer. A framework is established
by a survey of three Baroque operas at the
beginning of the term, and three twentieth-cen-
tury works at the end. Available videotape per-
formances serve as the basis for listening
assignments and analytical papers.
M. Marks

21M 284 Film Music
(Revised Units)

(21.634)
Prereq.: -
U (2)
3-3-6 HASS

A chronological survey of styles and functions
of music in American and European films. The
first half covers nineteenth-century forerun-
ners, the silent film, and music in synchronized
sound films up to 1950. The second half
focuses on innovative uses of music from the
1950s up to the present. Related topics in-
clude: theories of film music, specialized gen-
res (musical, documentaries, animated films),
and the impact of video. Listening, reading,
and viewing assignments serve as the basis
for papers and class discussion. Some back-
ground in the study of film and/or music is help-
ful.
M. Marks

21M 291 Music of India
(New)

Prereq.: -
U (1)
3-0-6 HASS

Presents the classical, popular, and folk music
of North and South India, with the primary
focus on the Hindustani traditions of the North.
Through reading, listening, and vocal exer-
cises, the classical forms of raga and tala are
explained and practiced.
G. E. Ruckert

21 M 292 Music of Indonesia
(New)

Prereq.: -
U (2)
3-0-6 HASS

The Indonesian archipelago is home to a wide
variety of cultures and musical traditions, many
of them largely unknown in the West. From the
gamelan percussion orchestras of Bali and
Java to the indigenous folk traditions of
Sumatra and Borneo, as well as western-in-
fluenced pop and street traditions, subject
provides an introduction to these fascinating,
intricate musics. Includes ongoing instruction
culminating in a small performance.
E. Ziporyn

Theory/Composition

21 M 301 Harmony and Counterpoint I
(21 .641)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 3

Basic writing skills in music of the common-
practice period (Bach to Brahms). Work in-
cludes regular written assignments leading to
the composition of short pieces, analyzing rep-
resentative works from the literature, keyboard
laboratory, and sight-singing choir. It is recom-
mended that entering students have some con-
cert music listening or playing background and
some familiarity with reading printed music. En-
rollment may be limited.
E. Cohen, P. Child, E. Ziporyn, E. Ruehr

21 M 302 Harmony and Counterpoint I1
(21.642)
Prereq.:21M 301
U (1, 2)
3-3-6 HASS

A continuation of Harmony and Counterpoint I,
including chromatic harmony and modulation,
more elaborate contrapuntal textures, key-
board laboratory, and sight-singing choir.
E. Cohen, P. Child, E. Ruehr

21 M 303 Writing in Tonal Forms

(21.643)
Prereq.: 21M 302
U(1,2)
3-0-6 HASS

Written and analytic exercises based on
nineteenth-century small forms and harmonic
practice found in music such as Schubert
Landler and songs, Schumann small piano
pieces and songs, and Chopin preludes and
mazurkas.
E. Cohen

21M 304 Advanced Music Writing

(21.644)
Prereq.: 21M 303
U (2)
3-0-6 HASS
Further written and analytic exercises in tonal
music, focusing on large forms. Typically, stu-
dents compose a sonata-form movement for
piano, string quartet, or other small ensemble.
Opportunities to write short works that experi-
ment with the expanded tonal techniques of
the late nineteenth and early twentieth cen-
turies.
E. Cohen

21 M 325 Analytical Perspectives from Bach
to Mahler
(Revised Content)

(21.645)
Prereq.: 21M 301
U (2)
3-0-6 HASS

An enrichment of musical perspective of par-
ticular value to performers. Study of various
concepts of musical structure and organization
and of the role of structure in musical percep-
tion, coherence, and performance. Factors
that provide compositional unity and unique-
ness, particularly the role of time in musical
structure (tempo, rhythm, meter), also ex-
amined extensively. Music to be studied in-
cludes (but is not limited to) Mozart,
Beethoven, Brahms, and Mahler symphonies,
piano, and chamber works.
D. M. Epstein

21 M 340 Jazz Harmony and Arranging

(21.648)
Prereq.:21M 051 or 21M 052, 21M 266
U (2)
3-0-6 HASS

Basic harmony for students interested in ac-
quiring practical skill in nonclassical music;
also includes required listening, mainly jazz, as
background for the written work. Serves as
preparation for more advanced work in jazz
and rock arranging and in the composition of
popular songs. Permission of instructor re-
quired.
M. Harvey
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21 M 351 Music Composition

(21.681)
Prereq.: 21M 304
U (1, 2)
3-0-9 HASS
Can be repeated for credit

Directed composition of larger forms of original
writing involving voices and/or instruments. In-
cludes a weekly seminar in composition for the
examination of major works from twentieth-cen-
tury music literature and for the presentation
and discussion of student work in progress.
Students expected to produce at least one sub-
stantive work, performed in public, by the end
of the term. Open to qualified undergraduates.
J. Harbison

Performance

Each of the following subjects earns six
units. A total of 12 units is needed for a sub-
ject to count toward Institute Requirements
in Humanities, Arts, and Social Sciences,
by petition to the COC.

21 M 401 MIT Concert Choir

(21.650)
Prereq.: -
U (1, 2)
0-4-2
Can be repeated for credit

Rehearsals and performance of large-scale
works for chorus, soloists, and orchestra -
from the Passions and Mass of J.S. Bach to
oratorios of our own time. Open to graduate
and undergraduate students by audition.
J. Oliver

21M 405 MIT Chamber Chorus
(Revised Units)

(21.653)
Prereq.: -
U (1, 2)
3-0-3
Can be repeated for credit

Rehearsal and performance of choral reper-
toire for small chorus, involving literature from
the Renaissance to contemporary periods.
Membership limited to 32 students by audition.
J. Oliver

21M 410 Vocal Repertoire and Performance
(Revised Units)

(21.651)
(Subject meets with 21 M 515)
Prereq.: -
U (1, 2)
3-0-3
Can be repeated for credit

For the young singer interested in the study
and performance of the vocal literature with
special attention to diction and vocal tech-
nique. Topics each semester include German
Lieder or French melodies, as well as songs in
the English language. Participation in MIT
Chamber Chorus is required (no extra credit).
Admission by audition. Meets with graduate
subject 21M 515, but assignments differ.
J. Oliver

21 M 421 MIT Symphony

(21.657)
Prereq.: -
U (1, 2)
0-4-2
Can be repeated for credit

An option available to members of the MIT
Symphony Orchestra. Rehearsals prepare
works for concerts and recordings. Analyses of
musical style, structure, and performance prac-
tice are integrated into rehearsals as a means
of enriching musical conception and the ap-
proach to performance. Likewise, additional
scores of particular structural or stylistic inter-
est are read whenever time permits.
D. M. Epstein

21 M 425 MIT Concert Band

(21.656)
Prereq.: -
U (1, 2)
0-4-2
Can be repeated for credit

An option available to members of the MIT
Concert Band who are committed to the
analysis of works in rehearsal and to the study
of concert band performance issues. Such
analysis and study is made in sessions before
or after regular rehearsals and by means of at-
tendance at performances given by other con-
cert bands.
J. Corley

21 M 442 MIT Festival Jazz Ensemble

(21.654)
Prereq.: -
U (1, 2)
0-4-2
Can be repeated for credit

Study and performance of new works in the
jazz idiom, primarily by Boston area com-
posers (including MIT students and faculty).
Membership by audition for trumpets, trom-
bones, saxes, piano, guitar, bass, and percus-
sion.
J. O'Dell

21 M 445 Chamber Music Society

(21.655)
Prereq.: -
U (1, 2)
0-4-2
Can be repeated for credit

Study of chamber music literature through
analysis, rehearsal, and performance. Weekly
seminars and coaching. Open to string, piano,
brass, and woodwind players, and MIT stu-
dents of early music in the Wellesley Col-
legium. By audition.
M. A. Thompson, D. Deveau, J. Harbison,
J. Rife

21M 480 Advanced Music Performance

(21.658)
(Subject meets with 21M 512)
Prereq.: -
U (1, 2)
1-2-3
Can be repeated for credit

Open by audition to students who demonstrate
considerable technical and musical skills and
who wish to develop them through intensive
private study. Students must take a weekly les-
son, attend a regular performance seminar,
and participate without credit in an MIT en-
semble. Full-year commitment required. Infor-
mation about lesson fees, scholarships, and
auditions available in Music Section Office.
Meets with graduate subject 21 M 512, but as-
signments differ.
M. A. Thompson, D. Deveau

Special Topics/Advanced Subjects

21M 500 Senior Seminar in Music

(21.690)
Prereq.: 21M 201, 21M 205, 21M 302
U (1)
3-0-9 HASS

This advanced seminar aims at developing
analytic and research skills in music. Focuses
upon a small number of important works,
which are studied in depth. One weekly three-
hour meeting, with strong emphasis upon stu-
dent presentations and discussion, and a
substantial writing project.
P. Child
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21M 505 Advanced Music Composition

(21.681)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1, 2)
3-0-9
Can be repeated for credit

Directed composition of larger forms of original
writing involving voices and/or instruments. In-
cludes a weekly seminar in composition for the
examination of major works from twentieth-cen-
tury music literature and for the presentation
and discussion of student work in progress.
Students expected to produce at least one sub-
stantive work, performed in public, by the end
of the term. Open to qualified undergraduates.
Composition Faculty

21M 512 Advanced Music Performance

(21.659)
(Subject meets with 21 M 480)
Prereq.: -
G (1,2)
1-2-3
Can be repeated for credit

Meets with undergraduate subject 21 M 480,
but assignments differ. See description under
subject 21 M 480.
M. A. Thompson, D. Deveau

21M 515 Vocal Repertoire and Performance
(Revised Units)

(21.652)
(Subject meets with 21M 410)
Prereq.: -
G (1, 2)
3-0-3
Can be repeated for credit

Meets with undergraduate subject 21 M 410,
but assignments differ. See description under
subject 21M 410.
J. Oliver

21M 531, 21M 536 Special Topics in Music

(21.691, 21.692)
Prereq.: Any two subjects in Music
U (1, 2)
Units arranged
Can be repeated for credit

21M 533, 21M 538 Special Topics in Music

(21.691, 21.692)
Prereq.: Any two subjects in Music
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Open to qualified students who wish to pursue
special studies or projects with members of the
Music Section. Students electing this subject
must secure the approval of the chairman of
the Music Section. HASS credit for Special
Topics subjects awarded only by individual
petitions to the Committee on Curricula. Nor-
mal maximum is 6 units; to count toward
HASS Requirement, 9 units are required. Ex-
ceptional 9-unit projects occasionally ap-
proved. Consult Music Section Office.

21 M 539 Advanced Topics in Music
(New)

Prereq.: Permission of instructor
U (1, IAP, 2)
Units arranged
Can be repeated for credit

Opportunity for advanced study of musical
topics not covered by the regular subject list-
ings. Students seeking an individual program
of study with a particular faculty member must
also obtain the approval of the Section Head.
Consult Music Office for Departmental Form.

21M 540 Selected Topics in Music
(New)

Prereq.: Permission of instructor
U (1, IAP, 2)
Units arranged
Can be repeated for credit

Opportunity for study of musical topics not
covered in the regular curriculum, particularly
experimental subjects offered by permanent
and visiting faculty.

21 M 542 IAP Music Topics
(New)

Prereq.: Permission of instructor
U (IAP)
Units arranged

Opportunity for study of musical topics not
covered by the regular subjects listings. In-
cludes experimental subjects offered by per-
manent and visiting faculty. Students seeking
an individual program of study with a particular
faculty member must also obtain the approval
of the Section Head. Consult Music Office for
Departmental Form.

21M 545, 21M 546 Research in Music

(21.695)
Prereq.: -
U (1, 2, S)
Units arranged

21M 547 Research in Music

(21.697)
Prereq.: -
G (1, 2, S)
Units arranged

Directed research on problems occurring in the
production, perception, or cognition of music,
aided by the techniques and discipline of
science and engineering. Individual or group
work. Available also to research assistants for
non-thesis work. May be repeated for credit
with permission. Coordinator: B. L. Vercoe.

Music and Media

21 M 565J Writing for Computer
Performance

(21.672J)
(Same subject as MAS 642J)
Prereq.: 21M 566J
G (1)
3-3-3 H-LEVEL Grad Credit

See description under subject MAS 642J.
B. Vercoe

21M 566J Digital Audio Processing

(21.671J)
(Same subject as MAS 641J)
Prereq.: MAS 510
G (2)
3-3-3 H-LEVEL Grad Credit

See description under subject MAS 641J.
B. Vercoe

21M 570 Computer Music Composition

(21.682)
Prereq.: 21M 565J
G (1, 2)
3-6-3 H-LEVEL Grad Credit
Can be repeated for credit

Directed composition of larger forms of original
writing using computer-processed sound, to be
performed either alone or with voices and/or in-
struments. Includes a weekly seminar in com-
position for the examination of major works
from twentieth-century music literature and for
the presentation and discussion of student
works in progress. Students expected to
produce at least one substantive work to be
performed in public by the end of the term.
Open to qualified undergraduates.
B. L. Vercoe

21M 580J Musical Aesthetics and Media
Technology

(21.685J)
(Same subject as MAS 825J)
Prereq.: Permission of instructor
G (1)
3-3-3 H-LEVEL Grad Credit

See description under subject MAS 825J.
T. Machover

21M 581J Projects in Media and Music

(21.686J)
(Same subject as MAS 826J)
Prereq.: 21M 580J
G (2)
3-3-3 H-LEVEL Grad Credit
Can be repeated for credit

See description under subject MAS 826J.
T. Machover
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Theater and Dance

Consult Theater Arts Headquarters, W1 6-015,
for the most up-to-date information about
requirements and subject offerings.

The subjects listed below are arranged in
five sections: Foundation subjects; History
and Theory subjects; Studio subjects; Per-
formance Production subjects; and Special
Topics/Advanced subjects. For subjects
dealing with the literature of the theater,
see 21L 009, 21L 021, 21L 422, 21L 486,
21 L 703 in Literature; and 21 F 842 in
Foreign Languages and Literature.

Foundation Subjects

21M 600 Introduction to Acting

(21.700)
Prereq.: -
U (1, 2)
3-0-6 HASS

An introduction to the basic principles of act-
ing, including exploration of the acting instru-
ment through psycho/physical and vocal
exercises, textual analysis, and rehearsal tech-
niques. Practical work helps the student to im-
prove sensitivity to language, emotional and
physical expression, sensory perception, and
imaginative power. Classwork includes scene
study, physical and vocal exercise, lecture and
discussion.
K. Dunkleberg, K. Mancuso, M. Ouellette,
J. Sonenberg

21M 602 Playwriting

(21.702J)
Prereq.: -
U (1, 2)
3-3-6 HASS-D, Category 3

An introduction to the craft of writing for the
theater. Through weekly exercises and work
on a sustained piece, students explore the
problems of scene structure, action, and their
relation to the dialogue. Class meetings in-
clude examination of produced playscripts and
discussion of student work. Members of the
Dramashop and Shakespeare Ensemble, as
well as other interested members of the MIT
theater community, also participate in a three-
hour lab in which class scenes are read and
rehearsed.
A. Brody, K. Mancuso

21 M 604 Elementary Stagecraft
and Production

(21.704)
Prereq.: -
U (2)
3-3-3 HASS

Team-taught tutorial in theater arts covering
lighting, costume, makeup, property, and set
design and execution for theater and dance.
Students undertake two projects in the
semester productions of Dramashop,
Shakespeare Ensemble, and/or Dance
Workshop.
W. Fregosi, E. Darna, L. Held

21 M 613 History and Theory of Western
Dance
(Revised Content and Units)

(21.728)
Prereq.: -
U (1)
4-0-8 HASS-D, Category 3

An introduction to the artistic, technical, and
historical aspects of dance, with a focus on the
development of ballet, modern dance, and jazz
in the twentieth century. Includes direct physi-
cal exploration of the various forms as well as
readings and writing assignments.
B. Soll

History and Theory

21 M 652 Principles of Design

(21.705)
Prereq.: -
U (1)
3-3-3 HASS
Can be repeated for credit

For students with interest in advanced work in
design, whether lighting, costume or set, or
some combination of these, including attention
to principles of mass, shape, color, texture,
and structure as they relate to the concep-
tualization and realization of works for the
theater and dance. Students participate in two
projects in the semester productions of
Dramashop, Shakespeare Ensemble, and/or
Dance Workshop.
W. Fregosi, E. Darna, L. Held

Intermediate Subjects

21 M 655 Script Analysis

(21.710)
Prereq.: One introductory course in acting or
design
U (1)
3-0-6 HASS

Detailed study of selected playscripts for ac-
tors, directors, and designers focusing on struc-
tural, thematic, and aesthetic components, and
the problems of translating conceptual material
to its active, visual life in preparation and per-
formance. Students study three texts from a
range of periods and styles over the course of
the semester. The final project includes an
analysis of a fourth text of the student's choos-
ing from the point of view of one particular field
of theater practice.
M. Ouellette

Studio Subjects

21M 711 Intermediate Acting

(21.711)
Prereq.: 21 M 600 or permission of instructor
U (1, 2)
3-0-6 HASS
Can be repeated for credit

Continued study of the actor's work in inter-
pretation and execution of dramatic texts with
attention to scene structure, subtext, and
thematic issues for the actor; development and
care of the physical and vocal instrument; ex-
pansion of the actor's emotional and imagina-
tive range. Scene study may draw on a range
of dramatic periods and styles according to the
interests and abilities of the actor. May be
repeated one term for credit.
J. Sonenberg

21 M 721 Playwrights' Workshop

(21.713)
Prereq.: 21 M 602 or permission of instructor
U (2)
2-2-5 HASS
Can be repeated for credit

Continued work in the development of
playscripts for the theater. Writers work on sus-
tained pieces in weekly workshop meetings, in-
dividual consultation with the instructor, and in
collaboration with student actors, directors,
and designers from the Dramashop and
Shakespeare Ensemble. Fully developed
scripts will be eligible for inclusion in the
Playwrights' Workshop Production.
A. Brody
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21 M 730 Design for the Theater

(21.715)
Prereq.: 21 M 652 or permission of instructor
U (1, 2)
3-3-3 HASS
Can be repeated for credit

Intensive study in the principles and execution
of one particular area of theater design. Focus
on lighting, scene, and costume design rotates
each semester. Substantial participation in at
least one project in the semester productions
of Dramashop, Shakespeare Ensemble, or
Dance Workshop.
L. Held, H. Goldman

21 M 752 Scene Study for Directors

(21.717)
Prereq.: 21M 655
U (2)
3-3-3 HASS

Study and practice in the director's work includ-
ing script analysis, pre-rehearsal preparation,
collaboration with designers and technicians,
and rehearsal techniques. Class discussion
and directed scene work lead to the detailed
planning of a specific theater production.
M. Ouellette

21 M 761 Ballet Technique I
(New)

Prereq.: -
U (1, 2)
3-0-3
Study of ballet technique for beginning stu-
dents. Also includes some readings and writ-
ing assignments in early ballet history.
Students are also encouraged to participate in
a lecture/demonstration as part of the Student
Concert for their final project.
C. Gallant

21 M 762 Ballet Technique 11
(New)

Prereq.: Ballet Technique I and permission of
instructor
U (2)
3-0-3
Continued study of ballet technique for stu-
dents who have gained some skill beyond the
introductory level. Students are also en-
couraged to participate in a lecture/demonstra-
tion as part of the student concert for their final
project.
C. Gallant

21 M 771 Modern Dance Technique I
(New)

Prereq.: -
U (1, 2)
3-0-3

Study of modern dance technique for begin-
ning students. Also includes some readings
and writing assignments in early dance history.
Students are also encouraged to participate in
a lecture/demonstration as part of the Student
Concert for their final project.
M. Sullivan

21 M 772 Modern Dance Technique I1
(New)

Prereq.: Modern Dance Technique I and per-
mission of instructor
U (2)
3-0-3
Continued study of Modern Dance technique
for students who have gained some skill
beyond the introductory level. Students are
also encouraged to participate in a lec-
ture/demonstration as part of the student con-
cert for their final project.
B. Soll

21M 776 Tap
(New)

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-3
Study of the technique and practice of tap.
Classwork includes structured dance exercises
and improvisational work which culminates in
a dance performance.
Staff

21 M 780 Choreography and Improvisation
(Revised Content and Units)

(21.726)
Prereq.: Permission of instructor
U (1, 2)
4-0-5 HASS
Study of dance technique, composition, and
performance for both experienced and inex-
perienced students. Classwork includes struc-
tured dance exercises, improvisational work,
composition assignments, and discussion of
approaches to performance. Students are also
required to participate as dancers or choreog-
raphers in a final performance project.
B. Soll

Performance Production

21 M 805 Theater Practicum

(21 .721)
Prereq.: One of the following: 21M 711,
21M 730, 21M 752, or permission of instructor
U (1, IAP)
0-5-1
Can be repeated for credit

Directed practice in acting, directing, or design
on a sustained theater piece, either one-act or
full length, from pre-rehearsal preparation to
workshop production. Consult Theater Arts Of-
fice.
E. Darna

Special Topics/Advanced Subjects

21M 851 Special Topics in Drama

(21.722)
Prereq.: Permission of instructor
U (1, IAP, 2)
Units arranged
Can be repeated for credit

21 M 852 Special Topics in Drama

(21.722)
Prereq.: Permission of instructor
U (1, IAP, 2)
Units arranged (P/D/F]
Can be repeated for credit

Designed to allow students to pursue topics of
interest as independent study. Enrollment re-
quires approval of the Director of Theater Arts.
HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula. Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved.
B. Cotto-Escalera

21M 857 Special Topics in Dance

(21.727)
Prereq.: -
U (1, 2)
Units arranged

21 M 858 Special Topics in Dance

(21.727)
Prereq.: -
U (1, 2)
Units arranged [P/D/F]

Designed to allow students to pursue topics of
individual interest as independent study. Re-
quires the approval of the Director of Theater
Arts. HASS credit for Special Topics subjects
awarded only by individual petitions to the
Committee on Curricula. Normal maximum is 6
units; to count toward HASS Requirement, 9
units are required. Exceptional 9-unit projects
occasionally approved.
B. Sol

21M 863 Advanced Topics in Theater Arts

(21.723)
Prereq.: Any two subjects in Theater Arts or
permission of instructor
U (1, IAP, 2)
Units arranged

Opportunity for advanced study in theater arts
not covered by the regular subject listings. In-
cludes experimental subjects offered by per-
manent and visiting faculty. Students seeking
an individual program of study with a particular
faculty member must also obtain the approval
of the Director of Theater Arts. Consult
Theater Arts Office.
M. Ouellette
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21 M 871 Selected Topics in Theater Arts
(New)

Prereq.: _
U (1, 2)
Units arranged
Can be repeated for credit

Opportunity for study of topics in theater arts
not covered by the regular subject listings, par-
ticularly experimental subjects offered by per-
manent and visiting faculty. Consult Theater
Arts Office.

21M 873 IAP Theater Arts Topics

(21.693)
Prereq.: Permission of instructor
U (IAP)
Units arranged

Opportunity for the study of theater arts topics
not covered by regular subject listings, includ-
ing experimental subjects offered by per-
manent and visiting faculty. Students seeking
an individual program of study with a faculty
member must also obtain the approval of the
Director of Theater Arts. Consult Theater Arts
Office for departmental form.
Staff

For individual research in Music and
Theater Arts, register for 21 M UR or
21M URG. For Music and Theater Arts pre-
thesis tutorial, register for 21M ThT. For un-
dergraduate thesis, register for 21 M ThU.
Descriptions of these subjects can be
found in the beginning of this section
under 21 UR, 21 URG, 21 ThT, and 21 ThU
on page 193D.

Program in Writing and
Humanistic Studies

Consult Program in Writing and Humanistic
Studies Headquarters, 14E-303, for the most
up-to-date information about requirements and
subject offerings.

The subjects listed below are grouped in
the three major areas of the Program in
Writing and Humanistic Studies: 1) Exposi-
tion and Rhetoric; 2) Creative Writing; and
3) Science and Technical Writing. Within
each area, introductory, intermediate, and
advanced subjects are offered. Introduc-
tory subjects are designed for students
with little or no experience in writing; inter-
mediate subjects are designed for students
who have mastered the elements of sen-
tence and paragraph structure; advanced
subjects are designed for experienced
writers who wish to develop greater com-
petence in one or more special forms of
writing.

Exposition and Rhetoric

Introductory

21W 730 Expository Writing

(21.730)
Prereq.: -
U (1, 2)
3-0-9 HASS, Phase One WRIT

For students who wish to write correct, clear,
and effective prose. Attention to constructing
effective sentences and paragraphs. Weekly
writing assignments. Students' writing is dis-
cussed frequently in class. Readings include
essays that exhibit a wide range of rhetorical
techniques. Satisfies Phase I of the Writing Re-
quirement.
C. Sawyer-Lauganno, S. Strang

21W 731 Writing and Experience

(21.731)
Prereq.: -
U (1, 2)
3-0-9 HASS, Phase One WRIT

Students study the mechanisms by which fic-
tion writers, essayists, and poets transform
their experience into scenes, voices, and argu-
ments. Attention given to sentence mechanics,
paragraphing, punctuation, and word choice.
In weekly workshops, students present their
writing to members of the group, and exten-
sive revising is required. Satisfies Phase I of
the Writing Requirement.
A. Lightman, D. Updike

21W 732 Introduction to Technical
Communication

(21.732)
Prereq.: -
U (1, 2)
3-0-9 HASS, Phase One WRIT
Students intensively review the elements of
sentence and paragraph structure; special
problems in organizing and condensing techni-
cal information; and strategies for writing tech-
nical descriptions, definitions, classifications,
and analyses. Other topics include writing to
different audiences and preparing brief
proposals, lab reports, and graphics. Several
short writing assignments, frequent revisions,
and two short oral presentations required.
Satisfies Phase I of the Writing Requirement.
E. Campbell

Intermediate

21W 735 Writing and Reading the Essay

(21.735)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 1

Exploration of formal and informal modes of
writing nonfiction prose. Extensive practice in
composition, revision, and editing. Reading in
the literature of the essay from the Renais-
sance to the present, with an emphasis on
modern writers. Classes alternate between dis-
cussion of published readings and workshops
on student work. Individual conferences.
K. Manning, C. Wolff

21W 738 Words

(21.738)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Designed to increase appreciation of the ver-
bal resources of English and improve skill in
exploiting them. Considers such topics as the
historical roots of the modern vocabulary, spe-
cialized and technical vocabularies, socially
loaded language, the connection between
word choice and tone, words as symbols.
Regular written assignments stress the way
that ideas are shaped by words.
H. Ritvo
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21W 739J Darwin and Design
(New)

(Same subject as 21 L 448J)
Prereq.: -
U (1)
3-0-9 HASS-D, Category 2

In Origin of Species, Darwin provided a model
for understanding the existence of objects and
systems manifesting evidence of design
without positing a designer, of purpose and
mechanism without intelligent agency. Texts
deal with pre-Darwinian and later treatment of
this topic within literature and speculative
thought since the eighteenth century, with
some attention to the modern study of "feed-
back mechanism" in artificial intelligence.
Readings in Hume, Voltaire, Malthus, Darwin,
Butler, Hardy, H. G. Wells, and Freud.
A. C. Kibel, J. Paradis

21W 740 Writing Autobiography and
Biography

(21.740)
Prereq.: -
U (2)
3-0-9 HASS

Writing autobiography is used as a vehicle for
improving style and studying the nuances of
the language. Literary works are read with an
emphasis on different forms of autobiography
(essay, fiction, etc.). Class examines various
stages of life, significant transitions, personal
struggles, and memories translated into narra-
tive prose, and discusses 1) what it means for
autobiographer and biographer to develop a
personal voice; and 2) the problems of reality
and fiction in autobiography and biography.
Students write in either or in both modes.
K. Manning

21W 742 Writing About Racial Issues

(21.742)
Prereq.: -
U (2)
3-0-9 HASS

The issue of race has preoccupied many
writers both here and in Europe. Students read
Faulkner, Toni Morrison, James Baldwin, Ber-
nard Malamud, among others, and write about
racial and ethnic issues either in the form of
biography or fiction. Students may write short
or longer pieces. Their work is read and dis-
cussed in class and, if necessary, revised, in-
corporating comments and criticism elicited in
discussion.
E. Ettinger Chodakowska

Advanced

21W 745 Advanced Essay Workshop

(21.745)
Prereq.: Permission of instructor
U (2)
3-0-9 HASS
Can be repeated for credit

For students with experience in writing nonfic-
tional prose. Advanced study of rhetorical
strategies and techniques of prose style. Con-
siderable writing and revision required. In addi-
tion to analyzing the work of class members,
students read and discuss the work of distin-
guished essayists chosen to represent a range
of prose styles, subjects, and biographical pat-
terns.
J. Daynard

Creative Writing

Introductory

See subject 21W 731.

Intermediate

21W 755 Writing and Reading Short Stories

(21.755)
Prereq.: -
U (1, 2)
3-0-9 HASS
Introduction to the short story. Students write
stories and short descriptive sketches. Read-
ings from European and American stories from
the eighteenth, nineteenth, and twentieth cen-
turies. Class discussion of students' writing
and of the assigned stories in their historical
and social contexts.
E. Cooney, /. Karmel

21W 757 Fiction Workshop

(21.757)
Prereq.: 21W 755
U (1, 2)
3-0-9 HASS
Can be repeated for credit

For students interested in developing their un-
derstanding of the craft of fiction. Weekly
workshop discussions of students' work focus
on analysis of structure, style, and charac-
terization. Emphasis on editing and revision.
Reading and discussion of nineteenth- and
twentieth-century authors, e.g. Babel, Carver,
Chekhov, Faulkner, Kafka, Orwell, Marquez,
Woolf.
A. Desai, /. Karmel

21W 758 Genre Fiction Workshop

(21.758)
Prereq.: A subject in writing short fiction or
equivalent experience
U (1)
3-0-9 HASS
Can be repeated for credit

Students write stories in such genres as
science fiction, fantasy, horror, crime fiction, in-
ternational thriller, and historical fiction. After a
few introductory lectures and short assign-
ments, most classes are devoted to round-
table discussion of the students' work.
Enrollment is limited to 15 students.
J. Haldeman

21W 759 Writing Science Fiction

(21.759)
Prereq.: -
U (1)
3-0-9 HASS

Students write and read science fiction and
analyze and discuss stories written for the
class. For the first eight weeks, readings in
contemporary science fiction accompany lec-
tures and formal writing assignments intended
to illuminate various aspects of writing craft as
well as the particular problems of writing
science fiction. The rest of the term is given to
round-table workshops on students' stories.
J. Haldeman

21W 760 Writing and Reading Poems

(21.760)
Prereq.: -
U (1, 2)
3-0-9 HASS

Examination of the formal structural and tex-
tual variety in poetry. Extensive practice in the
making of poems and the analysis of both
students' manuscripts and texts from sixteenth-
through twentieth-century literature. Attempts
to make relevant the traditional elements of
poetry and their contemporary alternatives.
Weekly writing assignments, including some
exercises in prosody.
P. Alexander, R. Becker

21W 762 Poetry Workshop
(Revised Units)

(21.762)
Prereq.: -
U (1)
3-0-9 HASS
Can be repeated for credit

For students with some previous experience in
poetry writing. Frequent assignments stress
use of language, diction, word choice, line
breaks, imagery, mood, and tone. Considers
the functions of memory, imagination, dreams,
poetic impulses. Throughout the semester, stu-
dents examine the work of published poets.
Revision stressed.
R. Becker
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21W 763 Modern Science Fiction

(21.763)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Students investigate novels, short stories, and
poetry from "the Golden Age" to "neuromantic"
science fiction: the 1950s to the present. Read-
ings include The Stars My Destination, Double
Star, Neuromancer, and The Dispossessed,
as well as the previous year's Hugo or Nebular
Award winner. Students write their own works
of science fiction and submit critical analyses
of each other's efforts.
J. Haldeman

21W 765J The Structure and Interpretation
of Non-Linear and Interactive Narrative

(21.765)
(Same subject as 21L 489J)
Prereq.: -
U (2)
3-0-9 HASS
Techniques of creating narratives that take ad-
vantage of the flexibility of form offered by the
computer. Study of the structural properties of
book-based narratives that experiment with
digression, multiple points of view, disruptions
of time and of storyline. Analysis of the struc-
ture and evaluation of the literary qualities of
computer-based narratives including hyper-
texts, adventure games, and classic artificial in-
telligence programs like Eliza. With this base,
students use authoring systems to model a
variety of narrative techniques and to create
their own fictions. Knowledge of programming
helpful but not necessary.
J. Murray

21W 770 Advanced Fiction Workshop

(21.770)
Prereq.: Permission of instructor
U (1, 2)
3-0-9 HASS
Can be repeated for credit

For students with some experience in writing
fiction. Concentrates on the ways an author
manipulates his or her audience in the creation
of a particular vision of reality. Studies style;
point of view; distinctions of time and space;
stream-of-consciousness; all the strategies for
making a work of art. Outside readings as-
signed on an individual basis.
E Ettinger Chodakowska, E. Cooney

21W 771 Advanced Poetry Workshop

(21.771)
Prereq.: Permission of instructor
U (2)
3-0-9 HASS
Can be repeated for credit

For students experienced in writing poems.
Regular reading of published contemporary
poets and weekly submission of manuscripts
for class review and criticism. Students ex-
pected to do a substantial amount of rewriting
and revision. Classwork supplemented with in-
dividual conferences.
P. Alexander

21W 773 Writing Longer Fiction

(21.773)
Prereq.: Permission of instructor
U (2)
3-0-9 HASS
Can be repeated for credit

For students with some experience in writing
fiction who wish to experiment with its longer
forms (primarily the novella). The possibilities
and techniques of longer fiction studied in ex-
amples of modern European and American
authors (i.e., Tolstoy, Conrad, Kafka, Bellow).
Class discussions of students' own work with
emphasis on revision.
A. Desai

Science and Technical Writing

Introductory

Intermediate

21W 777 The Scientific Essay

(21.777)
Prereq.: -
U (1, 2)
3-0-9 HASS
Concerns the articulate expression of science
in a broad cultural context. The nature of the
essay and the special challenges of writing
about science are topics of discussion.
Classes are devoted to critiques of published
essays and student essays alike. Readings
are drawn from the essays of J. B. S. Haldane,
E. B. White, Stephen Jay Gould, and David
Quammen, among others.
B. Goldoftas, A. Lightman

21W 780 Scientific and Engineering Writing

(21.780)
Prereq.: -
U (1, 2)
2-0-7 HASS, Phase Two WRIT

Introduction to the forms, functions, and style
of technical documents: weekly sessions in-
clude grammar and composition reviews, edit-
ing workshops, and discussion of the scientific
publication process. Short assignments - in-
cluding abstracts, proposals, progress reports,
and memos - build toward a written term
paper and oral presentation on a technical or
semitechnical subject. Students should have
completed, or be working on, research for
paper topics.
E. Barrett, C. Sawyer-Lauganno

21W 781 Practicum in Science and
Engineering Writing
(New)

Prereq.: -
U (1, 2)
2-0-4

Designed as a practicum tied to a specific tech-
nical subject for students in that subject who
wish to gain in-depth instruction in written and
oral communication. Weekly writing assign-
ments, frequent opportunities for revision,
preparation of oral and written reports, training
in discussion and leadership skills, and exten-
sive peer review. Assignments pertain to the
technical class to which the practicum is tied;
some assignments highlight organization and
managerial aspects of the technical project.
Subject may require use of the Networked
Educational Online System (NEOS). Enroll-
ment limited to 15 students.
E. Barrett

21W 782 Science Journalism
(Revised Units)

(21.782)
Prereq.: -
U (2)
3-0-9 HASS

A practical introduction to the craft of science
journalism. Class discussion examines impor-
tant issues in communicating technical informa-
tion to the public, such as the relationship
among science, technology, and the media.
Presentations by professional science jour-
nalists are featured. Students write weekly ex-
ercises, some of which are submitted for
publication. Writing competence required.
B. Goldoftas

21rW 783 Scientific and
for Phase 
(New)

Engineering Writing

Prereq.: -
U (2)
1-0-5 Phase Two WRIT

A modified version of 21W 780 designed ex-
clusively for students who wish to complete
Phase 11 of the Institute Writing requirement.
Meets every other week.
E. Barrett, J. Paradis

See subject 21W 732.

Advanced
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Advanced

21W 790 Naturalist Writing

(21.790)
Prereq.: Permission of instructor
U (1)
3-0-9 HASS

Students write about nature in a variety of
ways, aesthetic and technical, in essays and in
technical documents. They study the re-
sponses to nature of nineteenth- and twentieth-
century naturalists, such as Audubon, Darwin,
Thoreau, Lorenz, Carson, and Goodall. They
examine local publications and films of nature
societies in New England, the Northwest, and
the South, as well as such modern forms as
the environmental impact statement and the
technical report. Several short and two longer
writing assignments on general and semitech-
nical subjects.
J. Paradis

21W 792 Science and Technical Writing
Internship

(21.792)
Prereq.: 21W 780 or 21W 782
U (2)
3-0-9 HASS
Can be repeated for credit

Part-time internships in Boston-area media
and industries are arranged for students wish-
ing to develop professional writing and publish-
ing skills. Students planning to take this
subject must contact the instructor by Novem-
ber of the previous term.
J. Paradis

21W 793 Advanced Workshop in Scientific
and Engineering Writing
(Revised Units)

(21.793)
Prereq.: Permission of instructor
G (1, 2)
1-0-5
Offers graduate students who have writing
projects under way an intensive review and
step-by-step practice in technical writing. Ex-
amines major types of technical documents
and reviews organization, grammar, style, for-
mat, graphics, and the scientific publishing
process. Writing and revising assignments are
adapted to the preparation of one or two major
documents.
J. Kirsch

21W 794 Graduate Writing Skills Workshop
(New)

Prereq.: -
G (lAP)
1-0-1

Draft a thesis proposal, thesis chapter, journal
article, progress report, or specification, and
review basics of engineering writing. Sessions
cover the processes of organizing and drafting
professional papers, improving writing style,
and revising documents. Students determine
own projects; each project increment receives
instructor's editorial suggestions.
J. Paradis

21W 798, 21W 799 Special Topics in Writing

(21.798, 21.799)
Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Primarily for students pursuing writing ad-
vanced projects with the assistance of a mem-
ber of the Writing Program. Students electing
this subject must secure the approval of the
Director of the Writing Program and its Commit-
tee on Curriculum. HASS credit for Special
Topics subjects awarded only by individual
petitions to the Committee on Curricula. Nor-
mal maximum is 6 units; to count toward
HASS Requirement, 9 units are required. Ex-
ceptional 9-unit projects occasionally ap-
proved. 21W 798 is P/D/F.
A. P. Lightman

For individual research in Writing and
Humanistic Studies, register for 21W UR or
21W URG. For Writing and Humanistic
Studies pre-thesis tutorial, register for
21W ThT. For undergraduate thesis,
register for 21W ThU. Descriptions of these
subjects can be found in the beginning of
this section under 21 UR, 21 URG, 21 ThT,
and 21 ThU on page 193D.

Please note: Philosophy subjects are listed
under Course 24, Linguistics and
Philosophy.

Subjects in Science, Technology, and
Society are listed under that heading in this
chapter.

Information about the following programs
may be found within the description of the
School of Humanities and Social Science in
this catalogue:

American Studies
Ancient and Medieval Studies
Film and Media Studies
Latin American Studies
Psychology
Russian Studies
Women's Studies
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Course 22 Nuclear Engineering

For degree requirements, see listing in
Chapter VII under the School of
Engineering.

Undei graduate Subjects

22 UR Undergraduate Research
Opportunities Program

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

22 URG Undergraduate Research
Opportunities Program
(New)

Prereq.: _
U (1, 2, S)
Units arranged
Can be repeated for credit

The Undergraduate Research Opportunities
Program is an excellent way for undergraduate
students to become familiar with the Depart-
ment of Nuclear Engineering. Student re-
search as a UROP project has been
conducted in areas of fission reactor studies,
utilization of fusion devices, applied radiation
research, and biomedical applications.
Projects include the study of engineering
aspects for both fusion and fission energy
sources. UROP Department Coordinator:
R. G. Ballinger.

22.002 Management in Engineering

Prereq.: -
U (1)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult, H. S. Marcus

22.006 Computer Models of Physical and
Engineering Systems

Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. R. Williams

22.011 Seminar in Nuclear Engineering

Prereq.: -
U (1)
2-0-4

Surveys the range of topics covered by the
Department. Introductory discussion of the
basic phenomena of fission and fusion power,
and related aspects of reactor design. The
many applications of nuclear engineering for
research in biology, earth sciences, medicine,
and physics are discussed by guest lecturers
from the appropriate discipline. A demonstra-
tion of the MIT Reactor as a research tool is
given.
M. W. Golay

22.012 Seminar in Fusion and Plasma
Physics

Prereq:-
U (2)
2-0-4

Lecture and discussion introducing the range
of topics covered under the fusion option. Intro-
ductory discussion of the economic and
ecological motivation for the development of
fusion power. Contemporary magnetic confine-
ment schemes, theoretical questions, and en-
gineering considerations are presented by
expert guest lecturers. Tour of Plasma Fusion
Center experimental facilities.
M. S. Kazimi

22.013 Applications of Radiation in
Science, Medicine, and Technology

Prereq.: -
U (1)
2-0-4

A series of wide-ranging lectures examining
diverse current issues in the applications of
radiation in science, medicine, and technology.
Typical topics: medical imaging, radiation can-
cer therapy, neutron activation analysis, fission
and fusion reactors, laser, neutron and
synchrotron beam experiments, and computer
modeling.
S. Yip

22.02 Introduction to Applied Nuclear
Physics

Prereq.: 8.02, 18.02
U (1)
3-0-9 REST

Introduces nuclear physics, emphasizing those
aspects that are applied in nuclear engineer-
ing. Elementary quantum theory; properties of
atomic nuclei; natural and induced radioac-
tivity; cross sections for nuclear reactions;
alpha-, beta-, and gamma-decay. Nuclear
models: shell-model, liquid-drop model,
nuclear fission. Slowing down and diffusion of
neutrons. Neutron-induced chain reactions.
Thermonuclear reactions and the possibility of
energy from nuclear fusion. Introduces radia-
tion dosimetry.
N. C. Rasmussen

22.021 Nuclear Reactor Physics

Prereq.: 22.02, 18.03
U (1)
4-0-8

Introduces fission reactor physics. Covers reac-
tions induced by neutrons, nuclear fission,
slowing down of neutrons in infinite media, dif-
fusion theory, the few-group approximation,
and point kinetics. Emphasizes the nuclear
physics bases of reactor design and their
relationship to reactor engineering problems.
Three lecture hours per week meeting concur-
rently with graduate subject 22.211, plus a
separate recitation; assignments and quizzes
are different from those in 22.211.
K. F. Hansen

22.03 Engineering Design of Nuclear Power
Systems

Prereq.: 22.02
U (1)
3-0-9

Introduces nuclear engineering as applied to
power plant design. Basic principles of nuclear
physics, reactor physics, and environmental
health physics; heat-transfer and energy utiliza-
tion principles. Description of various fission
and fusion reactors; ionizing radiation uses
and health effects. Emphasizes reliability and
reactor safety methods for improving design
and operation of future reactors.
M. W. Golay
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22.031 Engineering of Nuclear Reactors

(Subject meets with 22.312)
Prereq.: 2.01, 2.51
U (1)
3-0-9
An undergraduate subject that meets with
graduate subject 22.312. Same content but
homework assignments and examinations dif-
fer. See 22.312 for full description.
N. E. Todreas

22.033 Nuclear Systems Design Project

(Subject meets with 22.33)
Prereq.: Permission of instructor
U (2)
2-9-4
Can be repeated for credit

An undergraduate subject that meets with
graduate subject 22.33. Same content, but as-
signments differ. See 22.33 for full description.
D. D. Lanning

22.04 Radiation Effects and Uses
(Revised Units)

Prereq.: 22.02
U (2)
3-0-9

Introduction to important aspects of ionizing
radiations. Reviews basics, then the effects of
different levels of radiation exposure on biologi-
cal tissue (from cells up to the intact human
being). Discusses some uses that society has
found for radiation (including medical uses, in-
dustrial radiography, oil-well analysis, age
dating, food irradiation, etc.).
J. C. Yanch

22.055 Biomedical and Industrial
Applications of Radiation

(Subject meets with 22.55J, HST 560J)
Prereq.: 22.04, 22.09
U (1)
4-0-8

An advanced subject that meets with graduate
subject 22.55J. Same content but assignments
differ. See 22.55J for full description.
Information: S. Yip.

22.061 Fusion Energy I

(Subject meets with 22.601)
Prereq.: 8.03, 18.03
U (1)
3-0-9
An undergraduate subject that meets three lec-
ture hours a week with graduate subject
22.601, but with different assignments and
exams. See 22.601 for full description.
/. Hutchinson

22.069 Undergraduate Plasma Laboratory

(Subject meets with 22.69)
Prereq.: 8.03 or 22.061 or permission of
instructor
U (2)
1-4-7 Institute LAB

Basic engineering and scientific principles as-
sociated with experimental plasma physics. In-
vestigates vacuum pumping phenomena and
gauge operation, normal and superconducting
magnetic field coils, microwave interactions
with plasmas, laboratory plasma production in-
cluding electrical breakdown phenomena,
Langmuir probe characteristics and spectros-
copy. Meets with graduate subject 22.69, but
assignments differ.
K. Wenzel

22.070J Materials for Nuclear Applications

(Same subject as 3.070J)
Prereq.: 3.091
U (2)
3-0-9
An undergraduate subject that meets with
graduate subject 22.70J. Same content, but as-
signments differ. See 22.70J for full description.
K. C. Russell

22.078 Nuclear Techniques in
Environmental Analysis
(New)

(Subject meets with 22.78)
Prereq.: 22.02, 22.09, 22.04, or permission of
instructor
U (2)
2-6-4

Presents a general review of nuclear chemistry
with detailed explanation of instrumental and
radiochemical neutron activation analysis.
Other nuclear analytical techniques such as
prompt gamma activation analysis, instrumen-
tal photon activation analysis, and isotope dilu-
tion are also addressed. Application of radio
chemical and trace element analysis techni-
ques to air and water pollution studies and
other technical issues are presented. Meets
with graduate subject 22.78, but assignments
differ.
/. Olmez, S. Simonson

22.08 Energy

(Subject meets with 22.81J, TPP 63J)
Prereq.: -
U (2)
3-0-9
Energy from a holistic viewpoint. Provision, ra-
tional utilization and conservation, environmen-
tal effects, policy, and impact on other sectors.
Resources, technologies of conversion and
utilization. Assessment of both deployed and
proposed energy systems and technologies. In-
cludes economic, social, and historic perspec-
tives. Intended for third- and fourth-year
students interested in entering the energy
field. Meets with graduate subject 22.81J, but
some assignments differ.
M. Miller

22.082 Nuclear Energy Economics and
Policy Analysis

(Subject meets with 22.812)
Prereq.: -
U (1)
3-0-9 HASS

An undergraduate subject that meets with
graduate subject 22.812. Same content, but
assignments differ. See 22.812 for full descrip-
tion.
R. K. Lester

22.084 Inventions and Patents

Prereq.: 14.02
U (1)
3-0-6
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. H. Rines

22.09 Principles of Nuclear Radiation
Measurement and Protection

Prereq.: 22.02
U (2)
2-6-4 Institute LAB

An undergraduate subject that combines lec-
tures, demonstrations, and experiments.
Covers effects of radiation on persons; control
of radiation exposure within applicable stand-
ards; theory and use of a, fi, y, and n detectors
and spectrometers; use of isotopes, radiation
shielding, and dosimetry. Includes demonstra-
tions and experiments using the MIT research
reactor, accelerators, and power reactors. Stu-
dents have choices in the experiments they
perform.
L. M. Lidsky, 0. K. Harling

22.091 Special Topics in Nuclear
Engineering

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

For undergraduates who wish to conduct a
one-term project of theoretical or experimental
nature in the field of nuclear engineering, in
close cooperation with individual staff mem-
bers. Topics and hours arranged to fit
students' requirements.
J. . Meyer

22.092 Engineering Internship

Prereq.: -
U (1, 2, S)
0-6-0 [P/D/F]
Can be repeated for credit

Provides academic credit for the first two Work
Assignments of XXII-A students affiliated with
the Engineering Internship Program. Students
register for this subject twice. Students must
complete both Work Assignments in order to
receive the academic credit for this subject. En-
rollment limited to students registered in
Course XXII-A.
D. D. Lanning
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22.093 Special Topics in Nuclear
Engineering
(New)

Prereq.: -
U (1, IAP, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

This subject is graded on a P/D/F basis and is
otherwise equivalent to subject 22.091. Ap-
proval of the Course 22 Undergraduate Office
is required prior to enrolling in 22.093.
J. E. Meyer

Graduate Subjects

Nuclear PhysiCs

22.111 Nuclear Physics for Engineers I

Prereq.: 22.02
G (1, 2)
3-0-9 H-LEVEL Grad Credit

Fundamentals of nuclear physics for engineer-
ing students. Basic properties of the nucleus
and nuclear radiations. Elementary quantum
mechanical calculations of bound-states and
barrier transmission probability. Nuclear shell
model. Binding energy and nuclear stability. In-
teractions of charged particles, neutrons, and
gamma rays with matter. Radioactive decays.
Energetics and general cross-section behavior
in nuclear reactions.
Term 1: K. Wenzel
Term 2: E. P. Gyftopoulos

22.113 Nuclear and Atomic Collision
Phenomena

Prereq.: 22.111
G (2)
3-0-9 H-LEVEL Grad Credit

Principles and applications of classical and
quantum theory of collisions. Detailed study of
two-body scattering, partial-wave and phase-
shift analysis, time-dependent perturbation
theory, and the Born approximation. Irradiation
atomistics. Optical model of nuclear reactions.
Atomic stopping power. Thermal neutron in-
elastic scattering in condensed matter. Con-
nections between diffraction and imaging.
S. Yip

Nuclear Reactor Physics

22.211 Nuclear Reactor Physics I

Prereq.: 18.076
G (1)
3-0-9 H-LEVEL Grad Credit

Introduces problems of fission-reactor physics,
covering nuclear reactions induced by
neutrons, nuclear fission, slowing down of
neutrons in infinite media, diffusion theory, the
few-group approximation, and point kinetics.
Emphasizes the nuclear physical bases of
reactor design and their relation to reactor en-
gineering problems.
K. F. Hansen

22.212 Nuclear Reactor Physics 11

Prereq.: 22.211
G (2)
3-0-9 H-LEVEL Grad Credit

Problems relating to the operation of nuclear
reactors at power, including few-group and
multigroup theory, heterogeneous reactors,
control rods, burnable poisons, depletion
phenomena, and neutron kinetics. Attention
directed to the application of reactor theory to
real power reactors.
A. F. Henry

22.213 Nuclear Reactor Physics IlIl

Prereq.: 22.212
G (1)
3-0-9 H-LEVEL Grad Credit

Current methods for predicting neutron be-
havior in complex geometrical and material
configurations. The transport equation and
methods for solving it; systematic derivation of
group diffusion theory. Applies homogeniza-
tion, synthesis, finite element, response matrix
techniques and nodal methods to reactor
analysis.
A. F. Henry

Nuclear Reactor Engineering

22.312 Engineering of Nuclear Reactors

(Subject meets with 22.031)
Prereq.: 2.01 and 2.51
G (1)
3-0-9 H-LEVEL Grad Credit

Engineering principles of nuclear reactors, em-
phasizing power reactors. Power plant ther-
modynamics, reactor heat generation and
removal (single-phase as well as two-phase
coolant flow and heat transfer), and structural
mechanics. Engineering considerations in reac-
tor design.
N. E. Todreas

22.313 Advanced Engineering of Nuclear
Reactors

Prereq.: 22.312
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Advanced topics in nuclear engineering, em-
phasizing thermo-fluid dynamic phenomena
and analysis methods. Heat transfer and fluid
flow in single/parallel channel arrays and
loops. Porous body, subchannel and dis-
tributed parameter modeling methods for
heated rod arrays. Reactor thermal design un-
certainty analysis methods.
J. E. Meyer

22.314J Structural Mechanics in Nuclear
Power Technology

(Same subject as 1.56J, 2.084J, 13.14J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Structural components in nuclear power plant
systems, their functional purposes, operating
conditions, and mechanical-structural design
requirements. Combines mechanics tech-
niques with models of material behavior to
determine adequacy of component design. Ef-
fects considered include mechanical loading,
hydraulic forces, elevated temperatures,
neutron irradiation, and seismic effects.
J. E. Meyer, 0. Buyukozturk

22.32 Nuclear Power Reactors

Prereq.: 22.211, 22.312
G (2)
3-0-9 H-LEVEL Grad Credit

Describes engineering and physics aspects of
current nuclear power reactors. Discusses
design details, including requirements for
safety of light- and heavy-water reactors, high-
temperature gas-cooled reactors, liquid-metal
cooled fast reactors, and other reactor con-
cepts. Compares reactor characteristics both
in class and by individual student projects. Dis-
cusses development problems and assesses
potential for future improvements.
J. E. Meyer

22.33 Nuclear Engineering Design

(Subject meets with 22.033)
Prereq.: 22.212, 22.312
G (2)
2-9-4 H-LEVEL Grad Credit
Can be repeated for credit

Group design project involving integration of
reactor physics, control, heat transfer, safety,
materials, power production, fuel-cycle
management, environmental impact, and
economic optimization. Provides student with
opportunity to synthesize knowledge acquired
in other subjects and apply this knowledge to
practical problems of interest in the reactor
design field. Meets with undergraduate subject
22.033, but assignments differ
D. D. Lanning
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22.34J Space Power Generation

(Same subject as 16.530J)
Prereq.: 16.512, 8.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 16.530J.
J. L. Kerrebrock, M. Martinez-Sanchez,
D. E. Hastings, D. Lanning, J. Meyer

22.36J Two-Phase Flow and Heat
Transfer

(Same subject as 2.57J)
Prereq.: 22.312 or 2.20
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Kinematics and dynamics of two-phase flows
with energy addition. Associated topics such
as boiling, thermal and hydrodynamic in-
stability, condensation, and atomization. Com-
mon engineering applications of gas-
liquid and some solid-liquid flows will be
presented.
N. E. Todreas, P. Griffith, H. K. Kytomaa

22.38 Reliability Analysis Methods

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Principles of the methods of reliability
analyses, including fault trees, decision trees,
and reliability block diagrams. Discusses the
techniques for developing the logic diagrams
for reliability assessment, the mathematical
techniques for analyzing them, and statistical
analysis of required experience data. Dis-
cusses practical examples of their application
to the risk assessment of nuclear power reac-
tors and other industrial operations. Open to
qualified undergraduates.
M. W. Golay

22.39 Nuclear Reactor Operations and
Safety

Prereq.: 22.211
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
Units arranged H-LEVEL Grad Credit

Principles of operating nuclear reactor systems
in a safe and effective manner. Emphasizes
light-water reactor systems with transient
response studies, including degraded core
recognition and mitigation. Consequence
analysis and risk assessment. Lessons from
past accident experience. NRC licensing and
regulations. Demonstrations: operation of the
MIT research reactor; use of a PWR concept
simulator. Optional laboratory section involves
a project at the Nuclear Reactor Laboratory.
D. D. Lanning

22.40 Advanced Reliability Analysis and
Risk Assessment

Prereq.: 22.38, 22.82
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Extended application and use of reliability and
probabilistic risk analysis methods. Methods
for common mode failure analysis and treat-
ment of dependencies. Bayesian statistics ap-
plied to systems reliability and safety
problems. Error/sensitivity analysis. Time-
dependent reliability analysis, Markov models,
systems availability, and systems perfor-
mance. Replacement and maintenance
strategy development. Case studies of safety
analyses in nuclear and nonnuclear areas.
N. C. Rasmussen

Numerical and Mathematical
Methods

22.42 Numerical Methods in Engineering
Analysis

Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Applications of digital computers to the solu-
tion of engineering problems. Reviews specific
mathematical techniques (linear algebra, inter-
polation, finite-difference equations). Numeri-
cal solution of ordinary differential equations.
Fundamentals of consistency, convergence,
stability, and accuracy. Numerical solution of
elliptic, parabolic, and hyperbolic partial dif-
ferential equations. Special topics from nuclear
engineering applications.
K. F. Hansen

22.44 Modeling and Simulation

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-3-6 H-LEVEL Grad Credit

Introduction to the processes of constructing
models of physical and nonphysical systems
and the simulation of model behavior. Topics
include a general view of modelmaking and
their mathematical representation, as well as
procedures useful in computation. Specific ex-
amples drawn from such diverse fields as so-
cial systems, particle transport, molecular
dynamics, materials science, and plasma
simulation. No specific numerical background
is necessary, but some experience with com-
puter use is expected.
J. Friedberg, K. Hansen, S. Yip

22.45 Lattice Gas Algorithms and
Architectures

Prereq.: Permission of instructor
G (2)
2-0-7 H-LEVEL Grad Credit

Lattice gas algorithms are logical dynamical
systems that can accurately and efficiently
model a true continuum fluid. They provide fun-
damental computational advantages over float-
ing point approximations to Navier-Stokes. The
advantages stem from the dynamical similarity
of the lattice gas system and a real molecular
gas. Subject develops the algorithmic basis for
the method, emphasizing the similarities and
differences with a real molecular gas. Com-
puter architectural issues also considered.
K. Molvig, G. M. Papadopoulos, T. F. Knight

Radiation Interactions and
Applications

22.51 Interactions of Radiation
with Matter

Prereq.: 8.05
G (1)
3-0-9 H-LEVEL Grad Credit

Basic principles of interaction of electromag-
netic radiation, thermal neutrons, and charged
particles with matter. Introduces classical
electrodynamics, quantum theory of radiation,
time-dependent perturbation theory, transition
probabilities and cross sections describing in-
teraction of various radiations with atomic sys-
tems. Applications include theory of nuclear
magnetic resonance; Rayleigh, Raman, and
Compton scattering; photoelectric effect; and
use of thermal neutron scattering as a tool in
condensed matter research.
S. H. Chen

22.52J Statistical Thermodynamics of
Complex Liquids

(Same subject as 8.575J, 10.44,J)
Prereq.: 8.08, 10.213, or equivalent
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Introduction to modern theoretical and ex-
perimental physics and chemistry of the liquid
state, including supramolecular liquids and liq-
uid crystals. Pair correlation function theory,
mean field theory of phase equilibria and
polymer solutions, theory of self-assembly in
surfactant-water (micellar) and surfactant-
water-oil (microemulsion) systems. Concepts
of broken symmetry; Goldstone mode and
order-disorder phase transitions in liquid crys-
tal systems; properties of nematic, smectic,
and hexatic phases of liquid crystals.
S. H. Chen, J. D. Litster, D. Blankschtein
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22.53 Statistical Processes and Atomistic
Simulations

Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

Statistical mechanics principles of equilibrium
and time-dependent properties of condensed
states of matter. Phase-space distributions,
time correlations functions, kinetic equations.
Free energy calculations. Stochastic proc-
esses. Continuum and molecular models for
transport phenomena and phase transitions.
Methods and applications of molecular
dynamics and Monte Carlo simulations in
statistical physics and materials science.
S. Yip

22.55J Biomedical and Industrial
Applications of Radiation

(Same subject as 22.055, HST 560J)
Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

Benefits and hazards of radiation. Principles of
radiation production and interactions. Radia-
tion dosimetry, emphasizing applications.
Health effects. Shielding of beta, gamma, and
neutron radiation from isotope and machine
sources. Detection and spectroscopy of beta,
gamma, and neutron radiation. Neutron activa-
tion analysis. Production of radioisotopes and
radiopharmaceuticals. Principles of nuclear
medicine and imaging with radiation. Requires
a comprehensive term paper and presentation.
Meets with undergraduate subject 22.055, but
assignments differ.
Information: S. Yip.

22.56J Principles of Medical Imaging

(Same subject as 2.761J, HST 561J)
Prereq.: Permission of instructor
G (2)
4-0-8 H-LEVEL Grad Credit

Principles of imaging methods using ionizing
and non-ionizing radiation and ultrasound. Em-
phasis placed on fundamental physics and
mathematics involved in image formation, in-
cluding basic interactions, data acquisition and
reconstruction. Planar radiographic imaging,
multi-dimensional tomography (X-ray CAT,
PET, SPECT), ultrasound, and NMR imaging
covered, with examples of specific medical ap-
plications.
D. Cory, D. Rowe/I

22.561 J Magnetic Resonance - Analytic,
Biochemical, and Imaging Techniques

(Same subject as HST 584J)
Prereq.: Permission of instructor
G (2)
3-0-12 H-LEVEL Grad Credit

See description under subject HST 584J.
B. Rosen

22.562 Advanced Biomedical Magnetic
Resonance Seminar

Prereq.: 22.561 or basic NMR subject
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 [P/D/F] H-LEVEL Grad Credit

Designed for students interested in advanced
biomedical applications of magnetic resonance
and who have already mastered the basic prin-
ciples. A brief review given to develop notation
and terminology to be used in pulse sequence
development. Applications of multi-dimen-
sional NMR spectroscopy explored in liquid
and solid state biosystems. State-of-the-art im-
aging techniques analyzed in detail, including
fast scanning, flow imaging, and microscopy.
Details of instrumentation also covered as time
permits.
D. Cory

22.57J Radiation Biophysics

(Same subject as HST 568J)
Prereq.: 22.111
G (1)
4-0-8 H-LEVEL Grad Credit

Discusses ionizing radiation, ultraviolet radia-
tion, and heat and their effects on biological
materials, cells, and tissues. Examines in vivo
and in vitro mammalian systems, and explores
mathematical models for cell survival, em-
phasizing prediction. Covers radiation therapy,
radiation syndromes in humans, and car-
cinogenesis. Environmental radiation sources
also investigated.
J. Yanch

22.571J General Thermodynamics

(Same subject as 2.451 J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.451J.
E. P. Gyftopoulos

22.58 Seminar in Radiation Health Physics

Prereq.: -
G (1)
2-0-1 [P/D/F]

Introduces many of the pertinent areas of re-
search and concern in the field of Radiation
Health Physics. Topics of weekly seminars in-
clude radiation shielding, waste management,
environmental behaviour of radioactivity, medi-
cal irradiations, methods of detection and
dosimetry, dose reduction, and the regulatory
and legal aspects of radiation; student presen-
tations also required.
J. Yanch

22.581 Radiation Health Physics

Prereq.: -
G (2)
3-0-6
Covers topics in internal and external radiation
dosimetry and protection, including radiation
quantities and units, legal guidelines and
regulations, derivations of external dosimetry
calculations, source and facility shielding, path-
ways and bioassays, contamination control,
and current areas of research activity. Environ-
mental radiation exposure, radiation distribu-
tion, and transport dynamics are also covered.
Waste management (categories of sources,
waste characteristics) and disposal (packing
technology, sites, laws, and regulations) are
examined.
J. Yanch

22.59 Principles of Nuclear Radiation
Measurement and Protection

Prereq.: 22.111
G (1)
2-6-4 H-LEVEL Grad Credit

Combines lectures, demonstrations, and ex-
periments. Covers effects of radiation on per-
sons; control of radiation exposure within
applicable standards; theory and use of a, P, y,
and n detectors and spectrometers; use of
isotopes, radiation shielding, and dosimetry. In-
cludes demonstrations and experiments using
the MIT research reactor, accelerators, and
power reactors.
L. M. Lidsky, 0. K. Harling

Plasmas and Controlled Fusion

22.601 Fusion Energy I

(Subject meets with 22.061)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Basic nuclear physics and plasma physics for
controlled fusion. Nuclear physics: fusion cross
sections, ignition condition, break-even condi-
tion, Lawson criterion, elementary fusion reac-
tor, required plasma parameters. Plasma
physics: definition of a plasma, single-particle
orbits, Coulomb collisions, fluid model, mag-
netic fusion configurations, MHD equilibrium
and stability, transport and heating. Meets
three lecture hours a week with undergraduate
subject 22.061, but with different assignments
and exams.
/. Hutchinson
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22.602 Fusion Energy 1I

Prereq.: 22.601 or 22.611J
G (2)
3-0-9 H-LEVEL Grad Credit

Basic plasma engineering and technology of
controlled thermonuclear reactors. Description
of current confinement devices including
tokamaks, RFP's, and stellarators. Plasma en-
gineering, including toroidal magnet design,
poloidal field system design and RF heating
technology. Systems analysis and design of
large fusion devices such as ignition experi-
ments and power reactors.
J. P. Freidberg

22.611J Introduction to Plasma
Physics I

(Same subject as 8.613J, 6.651J)
Prereq.: 6.014 or 8.07; 18.04 or 18.075
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 8.613J.
A. Bers, M. Porkolab

22.612J Introduction to Plasma
Physics 11

(Same subject as 8.614J, 6.652J)
Prereq.: 6.651J or 8.613J or 22.61 1J
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 8.614J.
A. Bers

22.615J Theory of Plasma Confinement I

(Same subject as 6.653J)
Prereq.: 22.601 or 22.61 1J or 6.651J or 8.613J
G (1)
3-0-9 H-LEVEL Grad Credit

Description of the processes by which particle
energy, momentum, and mass in a fusion plas-
ma are confined by a magnetic field. Develop-
ment of the basic classical collisional transport
model and the simpler MHD model from the
Boltzmann equation. Transport applications in-
clude particle diffusion and heat conduction in
cylindrical tokamaks containing alpha particles,
high-energy injected particles and impurities.
MHD applications include equilibrium in
cylindrical, toroidal, and noncircular tokamaks.
Emphasizes connection to actual experimental
performance.
J. P. Freidberg

22.616 Theory of Plasma Confinement I1
Prereq.: 6.653J or 22.615J
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Continuation of 22.615J. Development of
neoclassical transport theory in toroidal con-
figurations including bootstrap current, alpha
particle losses, impurity effects, and enhanced
particle and energy loss due to trapped
banana orbits. Development of MHD stability
theory including Energy Principle, interchange
stability, ballooning modes and the second
region of stability, and kink modes in cylindrical
and toroidal tokamaks. Emphasis is on
developing methods to achieve good confine-
ment at high beta.
J. Ramos, D. J. Sigmar

22.63 Engineering Principles for Fusion
Reactors

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Fusion reactor design considerations: ignition
devices, engineering test facilities, and
safety/environmental concerns. Magnet prin-
ciples: resistive and superconducting magnets;
cryogenic features. Blanket and first wall
design: liquid and solid breeders, heat
removal, and structural considerations. Heat-
ing devices: radio frequency and neutral beam.
M. Kazimi, J. Minervini, B. Montgomery

22.64J Plasma Kinetic Theory

(Same subject as 8.621J)
Prereq.: 8.613J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Basic physics of the wave-particle interaction
with emphasis on intuitive concepts.
Linearized Vlasov equation, quasilinear theory,
Fokker-Planck and diffusion approximations
for the average distribution function, resonant
and nonresonant diffusion, energy and momen-
tum conservation, free energy, application of
quasilinear theory to various physical problems
of current interest.
Information: J. P. Freidberg.

22.67 Principles of Plasma Diagnostics

Prereq.: 6.651J or 8.613J or 22.61 1J
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Introduction to the physical processes used to
measure the properties of plasmas, especially
fusion plasmas. Measurements of magnetic
and electric fields, particle flux, refractive
index, emission and scattering of electromag-
netic waves and heavy particles; their use to
deduce plasma parameters such as particle
density, pressure, temperature, velocity, etc.,
and hence the plasma confinement properties.
Discussion of practical examples and assess-
ments of the accuracy and reliability of dif-
ferent techniques.
/. H. Hutchinson

22.69 Plasma Laboratory

(Subject meets with 22.069)
Prereq.: 22.611J or 6.651J or 8.61 3J or 22.601
G (2)
1-4-7 H-LEVEL Grad Credit

Introduces the advanced experimental tech-
niques needed for research in plasma physics
and useful in experimental atomic and nuclear
physics. Laboratory work on vacuum systems,
plasma generation and diagnostics, physics of
ionized gases, ion sources and beam optics,
cryogenics, magnetic field generation, and
other topics of current interest; brief lectures
and literature references to elucidate the physi-
cal bases of the laboratory work. Meets with
undergraduate subject 22.069, but assign-
ments differ.
K. Wenzel

Nuclear Materials

22.70J Materials for Nuclear
Applications

(Same subject as 3.71 1J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Introductory subject for students who are not
specializing in nuclear materials. Applications
and selection of materials for use in nuclear ap-
plications. Radiation damage, radiation effects,
and their effects on performance of materials
in fission and fusion environments. Meets with
undergraduate subject 22.070J, but assign-
ments differ.
K. C. Russell

22.71J Physical Metallurgy

(Same subject as 3.40J)
Prereq.: 3.094 or 3.14 or 3.71 1J
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 3.40J.
P. W. Balluffi

22.72J Corrosion: The Environmental
Degradation of Materials

(Same subject as 3.54J)
Prereq.: 3.00
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 3.54J.
R. M. Latanision, R. G. Ballinger

22.74J Mechanical Behavior of
Materials

(Same subject as 3.39J)
Prereq.: 2.30; 3.11 or 22.71J
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 3.39J.
S. B. Brown
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22.76 Nuclear Chemical Engineering

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Application of chemical engineering to nuclear
fission and fusion reactors. Principles of chemi-
cal and physical separation processes. Tech-
nologies for the production of nuclear fuel,
moderator, and structural materials. Manage-
ment of radioactive wastes and spent fuel, in-
cluding chemical processing and disposal.
Fuel cycle economics, safety, and nuclear
safeguards. Chemical aspects of operation of
fission and fusion reactors. Chemistry of fis-
sion products and actinides.
S. A. Simonson

22.77 Nuclear Waste Management

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Introduces scientific and engineering aspects
of the management of spent fuel, reprocessed
high-level waste, uranium mill tailings, low-
level wastes, and decommissioning wastes.
Fundamental processes and governing equa-
tions of radiation and radionuclide transport.
Design principles and evaluation methods for
geologic waste disposal systems. Interim
storage, processing, and transportation tech-
nologies. Review of nuclear waste manage-
ment regulation. Open to qualified
undergraduates.
S. A. Simonson

22.78 Nuclear Techniques in Environmental
Analysis
(Revised Content)

(Subject meets with 22.078)
Prereq.: Permission of instructor
G (2)
2-6-4 H-LEVEL Grad Credit

Presents a general review of nuclear chemistry
with detailed explanation of instrumental and
radiochemical neutron activation analysis.
Other nuclear analytical techniques such as
prompt gamma activation analysis, instrumen-
tal photon activation analysis, and isotope dilu-
tion also addressed. Application of
radiochemical and trace element analysis tech-
niques to air and water pollution studies and
other technical issues presented. Meets with
undergraduate subject 22.078, but assign-
ments differ.
/. Olmez, S. A. Simonson

Systems, Policy, and EconomiCs

22.81J Energy Assessment

(Same subject as 22.08, TPP 63J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Introduction to the broad field of energy, includ-
ing technological, social, environmental,
economic, and political aspects. Energy
provision, transformation, and utilization.
Development of energy options for the future,
and analyses of present regional, national, and
international energy programs. For graduate
students entering specific energy fields or
fields in which energy is important, and who
desire a holistic overview. Meets with under-
graduate subject 22.08, but some assignments
differ.
M. Miller

22.811 Energy, Electricity, and the
Environment

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Means of satisfying energy needs and their en-
vironmental implications, including global
warming for both industrialized and developing
countries - considering alternative tech-
nologies, conservation, the associated environ-
mental effects, and their mitigation.
Environmental effects differ from global to local
scales and from different points within the fuel
cycles of the different technologies. Tech-
nologies considered include those for conser-
vation, fossil, nuclear, solar, and geothermal
fuels.
M. W. Golay

22.812 Nuclear Energy Economics and
Policy Analysis

(Subject meets with 22.082)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

An examination of current economic and policy
issues in the electric power industry, focusing
on nuclear power and its fuel cycle. Introduces
techniques for analyzing private and public
policy alternatives, including discounted cash
flow methods and other techniques in en-
gineering economics. Application to specific
problem areas, including nuclear waste
management and weapons proliferation. Other
topics include deregulation and restructuring in
the electric power industry. Term project re-
quired. Meets with undergraduate subject
22.082, but assignments differ.
R. K. Lester

22.82 Engineering Risk-Benefit Analysis

Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
A. W. Drake, A. R. Odoni

22.821 Engineering Systems Analysis

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. de Neufville, J. P. Clark, F. Field

22.822J Strategic Analysis for
Environmental Planning and Design
(New)

(Same subject as 1.141J, 3.563J, 6.688J,
TPP 59J)
Prereq.: 1.146 or 2.192 or 3.56 or 13.62 or
16.784 or 22.821 or TPP 21
G (2)
3-0-6 H-LEVEL Grad Credit

Gives participants practical understanding of
the procedures for successfully designing com-
plex technical systems that must perform well
in a social context. Student teams work with
computer-based models to examine the effect
of alternative strategies; then define the
tradeoffs between energy use, environmental
quality, and costs, so as to develop a policy
which is consistent with the social, economic,
political and historical context of the region.
The examplp !rcaied is the proposed policy of
requiring the introduction of personal electric
cars in the Los Angeles region, as a means of
reducing pollution.
D. H. Marks, R. de Neufville, J. Clark,
M. W. Golay, D. Sadoway, R. D. Tabors

22.843J Technology, Productivity, and
Industrial Competition

Prereq.: Permission of instructor
G (2)
3-0-9
An analysis of the relationships between tech-
nological innovation, productivity growth, and
industrial competitiveness. Examines alterna-
tive models of industrial performance at the
enterprise, industry, and national levels. Four
industry case studies. Surveys recent develop-
ments in industrial policies in the US and other
advanced industrialized nations.
R. K. Lester

22.86 Entrepreneurship

Prereq.: -
G (2)
4-0-5

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
D. P. Hoult
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General

22.901-22.904 Special Problems in
Nuclear Engineering

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

For graduate and advanced undergraduate stu-
dents who wish to conduct a one-term project
of a theoretical or experimental nature in the
nuclear engineering field, in close cooperation
with individual staff members. Arrangement of
topic and hours to fit students' requirements.
A. F. Henry

22.905 Special Topics in Nuclear
Engineering
(New)

Prereq.: Permission of instructor
G (1, IAP, 2, S)
Units arranged [P/D/F] H-LEVEL Grad Credit

Special topics for graduate and advanced un-
dergraduate students.
A. F. Henry

22.911 Seminar in Nuclear Engineering

Prereq.: -
G (1)
2-0-1 [P/D/F]
Can be repeated for credit

22.912 Seminar in Nuclear Engineering

Prereq.: -
G (2)
2-0-1 [P/D/F]
Can be repeated for credit

Restricted to graduate students engaged in
doctoral thesis research.
J. E. Meyer

22.92 Advanced Engineering Internship

Prereq.: 22.092
G (1, 2, S)
0-6-0 [P/D/F]
Can be repeated for credit

Provides credit for the third and fourth Work
Assignments for students affiliated with the En-
gineering Internship Program. Students
register for this subject twice. Students must
complete both Work Assignments to receive
the academic credit for this subject. Enrollment
limited to students in the Engineering Intern-
ship Program.
D. D. Lanning

22.921 Nuclear Power Plant Dynamics and
Control

Prereq.: Graduate Level
G (IAP)
1-0-2

Nuclear power plant dynamics involve unique
non-linear systems due to delayed neutron ef-
fects and to thermally induced feedback ef-
fects. Engineers need to understand these; the
rapid development of digital systems with con-
trol applications affords ideal methods for solv-
ing the non-linear control problems with
systems that are insensitive to human error.
Subject includes lectures and demonstrations
with computer simulation and the use of the
MIT Research Reactor.
D. Lanning

22.922 Computer Modeling and
Visualization in Engineering Science

Prereq.: -
G (IAP)
3-0-0 [P/D/F]

General introduction to the use of fast com-
putational methods for complex three-dimen-
sional data visualization. A series of case
studies with examples taken from structural
models of disordered media, materials inter-
face, and medical tomography are presented.
Practical experience using Silicon Graphics Iris
advanced graphic personal computer system
is provided.
S. H. Chen, L. Lidsky, J. Yanch, S. Yip

22.93 Teaching Experience in Nuclear
Engineering

Prereq.: Permission of department
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

For qualified graduate students interested in
teaching as a career. Classroom, laboratory,
or tutorial teaching under the supervision of a
faculty member. Students selected by inter-
view. Enrollment limited by the availability of
suitable assignments. Credits for this subject
may not be used toward Master's or
Engineer's degrees.
M. S. Kazimi
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Course 24 Linguistics and Philosophy

For degree requirements, see listing in
Chapter VII under the School of
Humanities and Social Science.

Philosophy

24 UR Undergraduate Research

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Undergraduate research opportunities in Lin-
guistics and Philosophy. For further informa-
tion, consult the Departmental coordinators.
Linguistics: W. O'Neil.
Philosophy: J. Thomson.

24.00 Problems of Philosophy

Prereq.: -
U (1)
3-0-9 HASS-D, Category 2

Introduction to the problems of philosophy, in
particular, to problems in ethics; metaphysics;
theory of knowledge; and philosophy of logic,
language, and science. A systematic rather
than historical approach. Readings from classi-
cal and contemporary sources, but emphasis
is on examination and evaluation of proposed
solutions to the problems.
J. Thomson

24.01 Philosophy and Public Affairs

Prereq. --
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS-D, Category 2

Issues such as abortion, punishment, and por-
nography are emotionally laden and practically
urgent. It is easy to have opinions on such mat-
ters, but difficult to think them through. Learn-
ing to think clearly and systematically about
concrete issues is the point of this subject.
Focus is on the critical examination of the argu-
ments presented by the authors read, but
broad aim is for student to develop the
capacity for self-reflection about concrete
moral issues.
M. Hardimon

24.04J Justice

(Same subject as 17.115J)
Prereq.: -
U (1, 2)
3-0-9 HASS-D, Category 2

An examination of alternative theories of jus-
tice - utilitarianism, rights theories, social con-
tract theory, and communitarianism - and the
implications of those theories for problems of
liberty, equality, and community. Readings
drawn principally from the work of contem-
porary political philosophers, including Rawls,
Nozick, Dworkin, Walzer, MacIntyre, and
Buchanan.
D. Brink, J. Cohen

24.05 Philosophy of Science

Prereq.: -
U (2)
3-0-9 HASS-D, Category 2

An introduction to fundamental philosophical
problems concerning the nature of science
and its development. How, for example, is
scientific knowledge arrived at; in what cir-
cumstances are theories rejected and
replaced; what criteria or values govern these
processes; and do they vary from one science
to another? Are observed facts given once and
for all, independent of theory, or does change
of theory change what is to be a datum? Do
scientific theories describe an underlying
reality, or do they merely provide an economi-
cal systemization of experimental results?
P. Horwich

24.07 Classics in the History of Philosophy

Prereq.: -
U (1)
3-0-9 HASS-D, Category 2

Introduction to philosophy through its history.
Readings in the works of such philosophers as
Plato, Aristotle, Aquinas, Descartes, Hume,
and Kant. Emphasis on becoming closely ac-
quainted with important historical texts and ex-
amining fundamental philosophical issues as
they appear in works that have been especial-
ly influential in the development of Western
philosophy.
Staff

24.09J Classics in Political Philosophy

(Same subject as 17.113J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 2
An introduction to theories of social justice
through a study of classical works in the his-
tory of political philosophy, including Plato's
Republic, Hobbes's Leviathan, Locke's
Second Treatise, Rousseau's Social Contract,
and Marx's German Ideology. Focus on such
questions of political order as: Why (if at all)
should there be a state? What are the limits of
legitimate political authority? Should the state
seek to advance a particular view of the good
life?
U. Mehta

24.100 Doubting Morality
(New)

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

What real people worry about when they worry
about ethics: Doesn't morality ultimately rest
on religion? Can people be motivated by any-
thing other than selfish concerns? Can anyone
ever be justified in saying that something is
right or wrong, good or bad? Is there anything
more to morality than the expression of feel-
ing? Don't moral standards just vary from cul-
ture to culture? In short: why isn't morality just
empty? Or a hoax? A variety of philosophical
texts are read, both classical and contem-
porary, that address these issues.
M. Hardimon

24.113J Art as Meaning and Technique
(New)

(Same subject as 21 L 436J)
Prereq.: -
U (1)
3-0-9 HASS

Philosophical analysis of various arts, with an
emphasis on the ways in which they both cre-
ate and communicate meaning through techni-
ques that define their formal structure.
Particular focus on aesthetic problems about
the expression of feeling and cognition in film,
literature, and opera. Readings in recent
philosophy and art theory.
I. Singer
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24.116J Introduction to Cognitive Science

(Same subject as 9.62J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 9.62J.
M. C. Potter

24.118 Paradox and Infinity

Prereq.: -
U (2)
3-0-9 HASS

Different kinds of infinity; the paradoxes of set
theory; the reduction of arithmetic to logic; for-
mal systems; paradoxes involving the concept
of truth; G6del's incompleteness theorems: the
nonformalizable nature of mathematical truth;
Turing machines.
Staff

24.119 Minds and Machines

Prereq.: -
U (2)
3-0-9 HASS

Examination of problems in the intersection of
artificial intelligence, psychology, and
philosophy. Issues discussed: whether people
are Turing Machines, whether computers can
be conscious, limitations on what computers
can do, computation and neurophysiology, the
Turing test, the analog/digital distinction, the
Chinese Room argument, the causal efficacy
of content, the inverted spectrum, mental rep-
resentation, procedural semantics, connec-
tionism, the relation between simulation and
explanation, whether some aspects of men-
tality are more resistant to programming than
others.
N. Block

24.121 Choice and Decision

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Philosophical foundations and applications of
theories and rational decision making. Inter-
pretations of probability and utility, risk and un-
certainty, causal decision theory, different
concepts of solution in game theory, theories
of collective choice.
R. Stalnaker

24.151 Introduction to Philosophy of
Language

Prereq.: -
U (2)
3-0-9 HASS

Examination of views on the nature of mean-
ing, reference, truth, and their relationships.
Other topics may include relationships be-
tween language and logic, language and
knowledge, language and reality, language
and acts performed through its use. No
knowledge of logic or linguistics presupposed.
R. Cartwright

24.171 Introduction to Phenomenology

Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS

The philosophy of Edmund Husserl. Readings
from Logical Investigations, Ideas /, Cartesian
Meditations, The Idea of Phenomenology. Dis-
cussion on the concepts of intentionality,
founding, phenomenological reduction. Survey
of the development of phenomenology since
Husserl.
G.-C. Rota

24.172 Being and Time

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

The philosophy of Martin Heidegger and its in-
fluence on contemporary thought, stressing ex-
istential views on the foundations of science,
the critique of classical logic, and Cartesian
thought. Readings from Heidegger's Being
and Time.
G.-C. Rota

24.200 Ancient Philosophy

Prereq.: One Philosophy subject
U (1)
3-0-9 HASS

Study of Socrates, Plato, and Aristotle with
some attention to pre-Socratic philosophy
(e.g., Parmenides and Heraclitus), and Hel-
lenistic philosophy (e.g., Cynicism and
Stoicism). Examination of their views on
ethics, politics, metaphysics, and the nature of
knowledge, with special attention to how these
various thinkers formed part of a single tradi-
tion of philosophical thought.
R. Cartwright

24.202 Modern Philosophy: Descartes
to Kant

Prereq.: One Philosophy subject
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Philosophic thought in Europe during the
seventeenth and eighteenth centuries. Em-
phasis on epistemology and metaphysics. In-
cludes Descartes, Spinoza, Berkeley, Hume,
and Kant.
Staff

24.204 Existentialism

Prereq.: One Philosophy subject
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Close investigation of a selection of central
texts and themes (e.g., "choice" and "bad
faith") in existentialism. Authors to be read in-
clude Camus, Kierkegaard, and Sartre.
M. Hardimon

24.205 The Good Life

Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

Technical problems in modern philosophy deal-
ing with the nature of happiness, self-fulfill-
ment, social feeling, the making of ideals, and
the pursuit of spiritual goals. Readings from
the works of Schopenhauer, Santayana,
Sartre, Freud, and others.
I. Singer

24.208 Kant

(Subject meets with 24.408)
Prereq.: 24.202
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS
A thorough study of Kant's Critique of Pure
Reason. Special topics to be considered in-
clude Kant's notion of objectivity and object-
hood; the unity of apperception; the criticism of
metaphysics; the role of reason in scientific in-
vestigation. Meets with graduate subject
24.408, but assignments differ.
M. Hardimon

24.209J Film and Literature

(Same subject as 21 L 435J)
Prereq.: One subject in Literature or one
Philosophy subject
U (2)
3-0-9 HASS

Study of some major works in both media as
relevant to problems in aesthetics, as well as
other areas of philosophy. Includes questions
about artistic truth in literature and in film; the
nature of the photographic image; the relation-
ship between verbal and nonverbal expressive-
ness. Readings in philosophy and literature,
and viewing of several films.
I. Singer

24.210 Problems in the Philosophy of Love

Prereq.: One Philosophy subject
U (1)
3-0-9 HASS

Philosophical issues in the study of human
bonding: e.g., types of valuation, the develop-
ment of ego ideals, and the relationships be-
tween love, desire, emotion, and reason.
Readings in recent philosophy.
I. Singer

24.211 Theory of Knowledge

Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

Study of problems concerning our concept of
knowledge, our knowledge of the past, our
knowledge of the thoughts and feelings of our-
selves and others, and our knowledge of the
existence and properties of physical objects in
our immediate environment.
Staff
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24.221 Metaphysics

Prereq.: One Philosophy subject
U (2)
3-0-9 HASS

Study of basic metaphysical issues concerning
existence, the mind-body problem, personal
identity, causation and its implications for
freedom. Classical as well as contemporary
readings.
R. Cartwright

24.230 Greek Ethics

(Subject meets with 24.430)
Prereq.: Previous subject in Ethics or Ancient
Philosophy
U (2)
3-0-9 HASS

A survey of Greek ethics focusing on Socrates,
Plato, and Aristotle, with some attention to
Epicurean and Stoic ethical thought and con-
nections between Greek ethical and political
theory. Emphasis is on recurrent issues, such
as eudaimonism, hedonism, the relationship
between virtue and happiness, weakness of
the will, and the value of democratic participa-
tion. No knowledge of Greek is required.
Meets with graduate subject 24.430, but as-
signments differ.
D. Brink

24.231 Ethics

Prereq.: One Philosophy subject
U (1)
3-0-9 HASS

Systematic study of central theories in ethics,
including egoism, act and rule utilitarianism, in-
tuitionism, emotivism, rights theories, and con-
tractualism. Discussion and readings also
focus on problems associated with moral con-
flicts, justice, the relationship between right-
ness and goodness, objective vs subjective
moral judgments, moral truth and relativism.
J. Thomson

24.233J Political Philosophy

(Same subject as 17.105J)
Prereq.: One Philosophy subject
U (1)
3-0-9 HASS

See description under subject 17.105J.
J. Cohen

24.235J Philosophy of Law

(Same subject as 17.109J)
Prereq.: One Philosophy subject
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

Examination of fundamental issues in
philosophy of law, such as the nature and
limits of law and a legal system, and the rela-
tion of law to morality, with particular emphasis
on the philosophical issues and problems as-
sociated with privacy, liberty, justice, punish-
ment, and responsibility. Historical and
contemporary readings, including court cases.
Permission of instructor required for students
without the above prerequisite.
J. Cohen

24.241 Logic I

Prereq.: -
U (1)
3-0-9 HASS

Introduction to the aims and techniques of for-
mal logic. The logic of truth functions and quan-
tifiers. The concepts of validity and truth and
their relation to formal deduction. Applications
of logic and the place of logic in philosophy.
G. S. Boolos

24.242 Logic I1
Prereq.: 24.241
U (2)
3-0-9 HASS

The central results of modern logic: the com-
pleteness of predicate logic, recursive func-
tions, the incompleteness of arithmetic, the
unprovability of consistency, the indefinability
of truth, Skolem-L6wenheim theorems, non-
standard models. Permission of instructor re-
quired for students without the above
prerequisite.
G. S. Boolos

24.243 Classical Set Theory

Prereq.: 24.241 or the equivalent
U (1)
3-0-9 HASS

Introduction to the basic concepts and results
of standard, i.e., Zermelo-Fraenkel, set theory:
the axioms of ZF, ordinal and cardinal arith-
metic, the structure of the set-theoretic
universe, the axiom of choice, the (general-
ized) continuum hypothesis, inaccessibles and
beyond.
G. Boolos

24.244 Modal Logic

Prereq.: 24.241
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Sentential and quantified modal logic, with em-
phasis on the model theory ("possible worlds
semantics"). Soundness, completeness, and
characterization results for alternative sys-
tems. Tense and dynamic logics, epistemic
logics, as well as logics of necessity and pos-
sibility. Applications in philosophy, theoretical
computer science, and linguistics.
R. Stalnaker

24.245 Wittgenstein

Prereq.: One Philosophy subject
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Ludwig Wittgenstein on language, mind, math-
ematics, knowledge, and the nature of
philosophy.
P. Horwich

24.250 Persons and Values

Prereq.: Previous subject in Philosophy
U (2)
3-0-9 HASS

An examination of different philosophical views
of personhood and personal identity and their
implications for our views about welfare and
happiness, individual rationality, and morality.
D. Brink

24.260 Topics in Philosophy

Prereq.: Two subjects in Philosophy
U (2)
3-0-9 HASS

Close examination of a single book, or group
of related essays, of major significance in
recent philosophy. Subject matter varies from
year to year. Intended primarily for majors and
minors in philosophy.
P. Horwich

24.292 Special Topics in Philosophy

Prereq.: Any two subjects in Philosophy
U (1)
Units arranged

Open to qualified students who wish to pursue
special studies or projects. Students electing
this subject must consult the Department Head.

24.293 Special Topics in Philosophy

Prereq.: Any two subjects in Philosophy
U (2)
Units arranged

Open to qualified students who wish to pursue
special studies or projects. Students electing
this subject must consult the Department Head.

24.400 Proseminar in Philosophy I

Prereq.: Permission of instructor
G (1)
6-0-18 H-LEVEL Grad Credit

24.401 Proseminar in Philosophy I1
Prereq.: Permission of instructor
G (2)
6-0-18 H-LEVEL Grad Credit

Advanced study of the basic problems of
philosophy. Intended for first-year graduate stu-
dents in philosophy.
24.400: P. Horwich
24.401: R. Stalnaker, J. Thomson

24.408 Kant

(Subject meets with 24.208)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Meets with undergraduate subject 24.208, but
assignments differ. See description under sub-
ject 24.208.
M. Hardimon
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24.410-24.419 Topics in the History of
Philosophy

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Intensive study of a philosopher or philosophi-
cal movement. Content varies from year to
year, and subject may be taken repeatedly
with permission of instructor and advisor.
Term 1: Berkeley and Hume.
Staff

24.430 Greek Ethics

(Subject meets with 24.230)
Prereq.: -
G (2)
3-0-9
Meets with undergraduate subject 24.230, but
assignments differ. See description under sub-
ject 24.230.
D. Brink

24.500 Consciousness
(New)

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

What consciousness is; what it is for; why it is
so hard to study scientifically; whether it is
unified; its relation to the self. Blind-sight and
other "defects" of consciousness; relation to at-
tention; temporal phenomena.
Epiphenomenalism, eliminativism, zombies,
the inverted spectrum hypothesis, anesthetics,
unconscious pain. Relation to mind-body iden-
tity and functionalist theses. Meets with Welles-
ley Philosophy 345, taught jointly at MIT with
Owen Flanagan.
N. Block

24.501 Problems in Metaphysics

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Systematic examination of selected problems
in metaphysics. Content varies from year to
year and subject may be taken repeatedly with
permission of instructor and advisor. Topic for
this year: metaphysical issues concerning
necessity and possibility.
R. Stalnaker, J. Thomson

24.518J Problems of Mental
Representation

(Same subject as 9.671J)
Prereq.: Two Philosophy subjects and
permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Topics: the case for mental representation;
doubts about the intelligibility of mental repre-
sentation; the relationship between internal lan-
guage and external language; whether internal
representations get their meanings from exter-
nal representations; the syntactic theory of the
mind; conceptual role semantics and proce-
dural semantics; narrow content; the two-fac-
tor theory of the meaning of mental
representations.
N. Block

24.601 Topics in Moral Philosophy

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Systematic examination of selected problems
in moral philosophy. Content varies from year
to year. Subject may be taken repeatedly with
permission of instructor and advisor.
D. Brink

24.611J Political Philosophy

(Same subject as 17.106J)
Prereq.: One subject in Modern Political
Philosophy
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.106J.
J. Cohen

24.701 Topics in Logic

Prereq.: 24.241 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
Units arranged H-LEVEL Grad Credit

Soundness, completeness, and compactness
of first-order logic; Skolem-L6wenheim
theorems; Craig interpolation lemma; Beth
definability theorem; decidability of monadic
logic with identity; Turing machines; recursive
functions and their definitions; G6del incom-
pleteness and extensions; undecidability of
dyadic logic; Tarski's theorem; nonstandard
models of arithmetic.
G. Boolos

24.703 Set Theory

Prereq.: 24.243 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit

Basic consistency and independence results
concerning the axiom of choice and the
generalized continuum hypothesis; large car-
dinals; the axiom of determinacy.
G. Boolos

24.711 Topics in Philosophical Logic

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Problems of ontology, epistemology, and
philosophy of language that bear directly on
questions about the nature of logic and the
analysis of concepts of logical theory, such as
logical truth, logical consequence, proof. Con-
tent varies from year to year, and subject may
be taken repeatedly upon permission of in-
structor and advisor.
G. Boolos

24.728 Topics in Semantics

(Subject meets with 24.979)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Seminar on current research in semantics and
generative grammar. Topics may vary from
year to year. Meets with subject 24.979.
/. Heim, R. Stalnaker

24.729 Topics in Philosophy of
Language

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Major issues in the philosophy of language.
Topics change each year and subject may be
taken repeatedly with permission of instructor.
Staff

24.801 Philosophy of Mathematics

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Examination of major philosophies of mathe-
matics - logicism, formalism, intuitionism -
on the nature of mathematical proof, existence
of mathematical entities, and related issues. It
is strongly recommended that students have
taken 24.241 or equivalent.
R. Cartwright

24.810 Topics in Philosophy of Science

Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

Topics in the foundations of science: the na-
ture of concepts and theories, the distinction
between empirical and theoretical knowledge
claims, realist and instrumentalist interpreta-
tion of such claims, and the analysis of scien-
tific explanation. The central topic varies from
year to year; subject may be taken repeatedly
with the permission of instructor and advisor.
Staff
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24.891 Special Graduate Topics in
Philosophy

Prereq.: -
G (1, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

24.892 Special Graduate Topics in
Philosophy

Prereq.: -
G (2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Open to qualified graduate students in
philosophy who wish to pursue special studies
or projects. Consult Department Headquarters.

Linguistics

24.900J The Study of Language

(Same subject as 21 F 237J)
Prereq.: -
U (1)
3-0-9 HASS

What is language? What does knowledge of a
language consist of? How do children learn
languages? Is language unique to humans?
Why are there many languages? How do lan-
guages change? Is any language or dialect su-
perior to another? How are speech and writing
related? Context for these and similar ques-
tions provided by basic examination of internal
organization of sentences, words, and sound
systems. Assumes no prior training in linguis-
tics.
S. Flynn, J. W. Harris

24.901J Language and its Structure I:
Phonology

(Same subject as 21 F 240J)
Prereq.: 24.900J/21 F 237J
U (2)
3-0-9 HASS

Introduction to fundamental concepts in
phonological theory and their relation to issues
in philosophy and cognitive psychology. Ar-
ticulatory and acoustic phonetics, distinctive
features and the structure of feature systems,
underlying representations and underspecifica-
tion, phonological rules and derivations, syll-
able structure, accentual systems, the
morphology-phonology interface. Examples
and exercises from a variety of languages.
J. Harris

24.902 Language and its Structure 11: Syntax

Prereq.: 24.900J/21 F 237J
U (1)
3-0-9 HASS
Introduction to fundamental concepts in syntac-
tic theory and their relation to issues in
philosophy and cognitive psychology. Ex-
amples and exercises from a variety of lan-
guages.
D. Pesetsky

24.921 Special Graduate Topics in
Linguistics

Prereq.: -
G (1, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Open to qualified graduate students in linguis-
tics who wish to pursue special studies or
projects. Consult Department Headquarters.

24.922 Special Graduate Topics in
Linguistics

Prereq.:
G (2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Open to qualified graduate students in linguis-
tics who wish to pursue special studies or
projects. Consult Department Headquarters.

24.930 Aztec Language and Philosophy

(Subject meets with 21A 456)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6
Introduces students to the Nahuatl language of
post-classic central Mexico and provides a
foundation for reading the voluminous Nahuatl
literature, with a concentration on the literature
which represents the philosophical underpin-
ning of Aztec thought. Students learn to read
selected texts in classical Nahuatl and obtain
the background for further research in Nahuatl
studies. Selected items of Aztec philosophical
literature, in Nahuatl and in translation, are
analyzed in detail. Also includes a brief orienta-
tion to modern Nahuatl language, culture, and
society, emphasizing communities consisting
of descendants of speakers of the classical lan-
guage. Meets with undergraduate subject
21A 456, but assignments differ.
K. Hale, D. Hosler

24.942 Topics in the Grammar of a Less
Familiar Language

Prereq.: 24.951
G (2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Detailed examination of the grammar of a lan-
guage whose structure is significantly different
from English, with special emphasis on
problems of interest in the study of linguistic
universals. A native speaker of the language
assists when possible.
K. L. Hale, M. Kenstowicz

24.946 Linguistics Theory and Japanese
Language

(Subject meets with 21 F 514)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6

Detailed examination of the grammar of
Japanese, whose structure is significantly dif-
ferent from English, with special emphasis on
problems of interest in the study of linguistic
universals. Data from a broad group of lan-
guages will also be studied for comparison
with Japanese. Meets with undergraduate sub-
ject 21 F 514, but assignments differ.
S. Miyagawa

24.947 Critical Period in Language
Acquisition

(Subject meets with 21 F 244)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6
Examines the claim that there is an age factor,
and in particular a neurologically based critical
period, for language acquisition. Overview of
attested critical periods in animals for cognitive
domains such as vision and birdsong. Turning
to the human language faculty, examines both
the neurolinguistic evidence (studies on
aphasia, dichotic listening, the bilingual brain,
etc.) as well as the behavioral evidence which
bears on the question of whether and how lan-
guage acquisition is possible after a certain
age. Particular attention paid to studies focus-
ing on that area of language which is governed
by the proposed innate language faculty (Prin-
ciples and Parameters of Universal Grammar).
Meets with undergraduate subject 21 F 244,
but assignments differ.
S. Flynn, W. O'Neil

24.948J Linguistic Theory and Second
Language Acquisition

(Same subject as 21 F 236J)
Prereq.: Permission of instructor
G (2)
3-0-6

Reading and discussion of current linguistic
theory, first language acquisition research, and
data concerning adult second language ac-
quisition. Focus on development of a theory of
second language acquisition within a theory of
Universal Grammar. Emphasis on syntactic,
lexical, and phonological development. Ex-
amination of ways in which this body of data
confronts theories of language.
S. Flynn, W. ONeil

24.949J Language Acquisition I

(Same subject as 9.601J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 9.601J.
S. Pinker, K. Wexler
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24.950J Language Acquisition 11
(Same subject as 9.602J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

See description under subject 9.602J.
S. Pinker, K. Wexler

24.951 Introduction to Syntax

Prereq.: 24.901J
G (1)
3-0-9 H-LEVEL Grad Credit

Introduction to theories of syntax underlying
work currently being done within the lexical-
functional and government-binding
frameworks. Organized into three interrelated
parts, each focused upon a particular area of
concern: 1) phrase structure, 2) the lexicon,
and 3) principles and parameters. Grammati-
cal rules and processes constitute a focus of
attention throughout the course, serving to
reveal both modular structure of grammar and
interaction of grammatical components.
K. Hale, D. Pesetsky

24.952 Advanced Syntax

Prereq.: 24.951
G (2)
3-0-9 H-LEVEL Grad Credit

Problems in constructing an explanatory
theory of grammatical representation. Topics
drawn from current work on anaphora,
casemarking, control, argument structure, Wh-
and related constructions. Study of language-
particular parameters in the formulation of lin-
guistic universals.
A. Marantz

24.956 Topics in Syntax

Prereq.: 24.951
G (1, 2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

The nature of linguistic universals that make it
possible for languages to differ and place limits
on these differences. Study of selected prob-
lem areas, showing how data from particular
languages contribute to the development of a
strong theory of universal grammar and how
such a theory dictates solutions to traditional
problems in the syntax of particular languages.
D. Pesetsky, A. Marantz, K. Hale

24.957 Introduction to Linguistic Theory at
an Advanced Level

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Discussion of conceptual and methodological
issues: goals of linguistic theory and its place
in the study of thought and behavior; descrip-
tive and explanatory theories; the nature, use,
and acquisition of knowledge of language com-
pared with other cognitive systems; relations of
form, meaning, and language use. Examina-
tion of theories of transformational generative
grammar as they have evolved and are now
being pursued: theory of base, transforma-
tions, semantic interpretation of formal struc-
tures, logical form, and conditions on the form
and functioning of rules.
N. A. Chomsky

24.958 Linguistic Structure

Prereq.: 24.952 or 24.957
G (1)
3-0-9 H-LEVEL Grad Credit

Current work on topics in syntax and seman-
tics. Permission of instructor required.
N. A. Chomsky

24.959 Workshop in Syntax and
Semantics

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

An intensive group tutorial/seminar for discus-
sion of research being conducted by par-
ticipants. No listeners allowed.
/. Heim, A. Marantz

24.961 Introduction to Phonology

Prereq.: Permission of instructor
G (1)
4-0-5 H-LEVEL Grad Credit

Aims and principles of a scientific description
of the phonic aspect of language. The
mechanism and acoustics of speech. Distinc-
tive features as the descriptive framework. The
phoneme. The phonemic system of a lan-
guage. The interrelations between phonology
and other linguistic levels. Some problems of
historical phonology. Practical exercises. This
subject is a core offering in Cognitive Science.
M. Halle, M. Kenstowicz

24.962 Advanced Phonology

Prereq.: 24.961
G (2)
3-0-9 H-LEVEL Grad Credit

Continuation of 24.961. Special emphasis on
problem solving.
M. Halle, M. Kenstowicz

24.964 Topics in Phonology

Prereq.: 24.961
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Review in depth of a major topic in modern
phonology.
M. Halle, M. Kenstowicz

24.965 Morphology

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

Structure of the lexicon and its function in
grammar. Properties of word-formation rules.
Problems of selection, productivity, com-
positionality. Systems of inflectional
categories: case, tense. Phonological aspects
of word structure: allomorphy, cyclic phonol-
ogy, constituent structure, boundaries.
Detailed analysis of languages with complex
morphology.
A. Marantz

24.966J Laboratory on the Physiology,
Acoustics, and Perception of Speech

(Same subject as 6.542J, HST 712J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
2-2-8 H-LEVEL Grad Credit

See description under subject 6.542J.
K. N. Stevens

24.968J Speech Communication

(Same subject as 6.541J, HST 710J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.541J.
S. J. Keyser, K. N. Stevens

24.969 Workshop in Phonology and
Morphology

Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

An intensive group tutorial/seminar for discus-
sion of research being conducted by par-
ticipants. No auditors are allowed.
M. Halle, M. Kenstowicz

24.970 Introduction to Semantics

Prereq.: Permission of instructor
G (1)
3-0-9
Basic issues of form and meaning in formal-
ized and natural languages. Conceptual, logi-
cal, and linguistic questions about truth,
reference, and modal and intensional notions.
The role of grammar in language use; context-
dependency. Ambiguities of structure and of
meaning; dimensions of semantic variation in
syntax and the lexicon.
I. Heim, K. von Fintel
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24.973 Advanced Semantics

Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Current work on semantics and questions of
logic and meaning for syntactic systems in
generative grammar.
I. Heim

24.979 Topics in Semantics

(Subject meets with 24.728)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Seminar on current research in semantics and
generative grammar. Topics may vary from
year to year. Meets with subject 24.728.
I. Heim, R. Stalnaker

24.992 Survey of General Linguistics

Prereq.: Permission of instructor
G (1)
3-0-9
Reading and discussion of certain important
papers in syntax, semantics, and phonology
designed to familiarize the student with central
ideas in current linguistic research. Selection
of papers and organization of discussion is
primarily in the hands of seminar participants.
W. O'Neil, K. Hale

24.993 Tutorial in Linguistics and Related
Fields

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit

Individual or small-group tutorial in which stu-
dents, under the guidance of a faculty mem-
ber, explore the interrelations with linguistics of
some specified area. Consult Department
Headquarters.
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HST Health Sciences and
Technology

For degree requirements, see listing in
Chapter VII under the Harvard-MIT
Division of Health Sciences and
Technology.

Students wishing to take HST 011-091
must file an application in Room E25-519.

HST subjects numbered 011 through 310
are scheduled according to the Harvard
Medical School academic calendar, which
is different from that of MIT. Students
whose graduation depends upon complet-
ing one or more of these subjects should
take particular care regarding the schedule.

HST 011 Human Functional Anatomy

Prereq.: Permission of instructor
G (1)
2-9-10 H-LEVEL Grad Credit

Lectures, detailed laboratory dissections and
prosections provide a thorough exploration of
the gross structure and function of the human
body. Fundamental principles of bioengineer-
ing are employed to promote analytical ap-
proaches to understanding the body's design.
The embryology of major organ systems is
presented, together with certain references to
phylogenetic development, as a basis for com-
prehending anatomical complexity. Correlation
clinics stress both normal and abnormal func-
tions of the body; guest lecturers focus on cur-
rent problems in organ system research.
(HST/MD and MEMP students may register
under HST 010, graded P/D/F.)
F. A. Jenkins, Jr., L. Gehrke, W. C. Hayes,
S. W. Kennedy, Associates

HST 021 Musculoskeletal Pathophysiology

Prereq.: Permission of instructor
G (lAP)
3-0-3 H-LEVEL Grad Credit

Growth and development of normal bone and
joints, the process of mineralization, the
biophysics of bone and response to stress and
fracture, calcium and phosphate homeostasis
and regulation by parathyroid hormone and
vitamin D, and the pathogenesis of metabolic
bone diseases and disease of connective tis-
sue, joints, and muscles, with consideration of
possible mechanisms and underlying metabo-
lic derangements. Enrollment limited.
(HST/MD and MEMP students may register
under HST 020, graded P/D/F.)
D. R. Robinson, W. C. Hayes, J. T. Potts, Jr.,
A. L. Schiller, C. B. Sledge, Associates

HST 031 Human Pathology

Prereq.: 7.012 or 7.013 or 7.014, 8.01, 8.02
G (1)
4-4-8 H-LEVEL Grad Credit

Introduction to the functional structure of nor-
mal cells and tissues; pathologic principles of
cellular adaptation and injury, inflammation, cir-
culatory disorders, immunologic injury, infec-
tion, genetic disorders, and neoplasia in
humans. Lectures, conferences emphasizing
clinical correlations and contemporary ex-
perimental biology, laboratories with examina-
tion of microscopic and gross specimens, and
autopsy case studies emphasizing modern
pathology practice. Enrollment limited. Permis-
sion of instructor required. (HST/MD and
MEMP students may register under HST 030,
graded P/D/F.)
F. J. Schoen

HST 041 Mechanisms of Microbial
Pathogenesis

Prereq.: 7.012 or 7.013 or 7.014, 7.05
G (1)
3-6-5 H-LEVEL Grad Credit

Deals with the mechanisms of pathogenesis of
bacteria, viruses, and other microorganisms.
Approach spans mechanisms from molecular
to clinical aspects of disease. Topics selected
for intrinsic interest and cover the demon-
strated spectrum of pathophysiologic
mechanisms. Enrollment limited. Permission of
instructor required. (HST/MD and MEMP stu-
dents may register under HST 040, graded
P/D/F.)
P. Schaffer, J. Mekalanos, H. Simon

HST 061 Endocrinology

Prereq.: 7.012 or 7.013 or 7.014, 7.05
G (2)
6-0-6 H-LEVEL Grad Credit

Physiology and pathophysiology of the human
endocrine system. Three hours of lecture and
section each week concern individual parts of
the endocrine system. Topics also include
assay techniques, physiological integration,
etc. At frequent clinic sessions, patients are
presented who demonstrate clinical problems
considered in the didactic lectures. Enrollment
limited, permission of instructor required.
(HST/MD and MEMP students may register
under HST 060, graded P/D/F.)
J. Flier, F. Woodisford, W. Kettyle

HST 071 Human Reproductive Biology

Prereq.: 7.012 or 7.013 or 7.014, 7.05, permis-
sion of instructor
G (2)
2-4-3 H-LEVEL Grad Credit

Lectures, laboratory sessions, and clinical
case discussions designed to provide the stu-
dent with a clear understanding of the physiol-
ogy, endocrinology, and pathology of human
reproduction. Emphasis is on quantitative
analytic techniques and the role of technology
in reproductive science. The course also in-
volves the student in the wider aspects of
reproduction, such as prenatal diagnosis, in
vitro fertilization, abortion, menopause, and
contraception. (HST/MD and MEMP students
may register under HST 070, graded P/D/F.)
H. Klapholz, Associates

HST 081 Hematology

Prereq.: 7.05
G (1)
3-6-4 H-LEVEL Grad Credit

An intensive survey of the biology, physiology,
and pathophysiology of blood and the blood-
forming organs with systematic consideration
of hematopoiesis, the "formed elements,"
blood coagulation, blood groups and im-
munoglobulins, and other plasma proteins. Em-
phasis given equally to didactic discussion and
analysis of clinical problems. Meets first half of
the term. Enrollment limited. Permission of in-
structor required. (HST/MD and MEMP stu-
dents may register under HST 080, graded
P/D/F.)
W. S. Beck, W. H. Churchill, R. D. Rosenberg,
D. J. Kuter

HST 091 Cardiovascular
Pathophysiology

Prereq.: 7.012 or 7.013 or 7.014, 8.02, 18.03
G (2)
3-3-9 H-LEVEL Grad Credit

Normal and pathologic physiology of the heart
and vascular system. Emphasis includes
hemodynamics, electrophysiology, gross
pathology, and clinical correlates of cardiovas-
cular function in normal and in a variety of dis-
ease states. Special attention given to
congenital, rheumatic, valvular heart disease
and cardiomyopathy. Enrollment limited. Per-
mission of instructor required. (HST/MD and
MEMP students may register under HST 090,
graded P/D/F.)
J. T. Fallon, W. Gamble, R. Mark, P. Saul,
E. Edelman
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HST 101 Respiratory Pathophysiology

Prereq.: 7.012 or 7.013 or 7.014, 7.05, 8.01
G (2)
4-0-8 H-LEVEL Grad Credit

Lectures, seminars, and laboratories cover the
development of the lung; its histology and cel-
lular function; and physics of gases,
mechanics, physiology, and gas exchange as
it relates to health and disease. Problems of
gas transport and acid-base balance are
reviewed; pathophysiology of common
respiratory disorders presented. Sessions with
patients with lung disease. For M.D. can-
didates and other students with background in
science. Enrollment limited. Permission of in-
structor required. (HST/MD and MEMP stu-
dents may register under HST 100, graded
P/D/F.)
D. C. Shannon, E. Mark, R. Kamm, F. Villars,
J. Drazen, D. Systrom

HST 111 Renal Pathophysiology

Prereq.: 7.012 or 7.013 or 7.014, 7.05
G (2)
4-0-8 H-LEVEL Grad Credit

Considers the normal physiology of the kidney
and the pathophysiology of renal disease.
Renal regulation of sodium, potassium, acid,
and water balance emphasized as are the
mechanism and consequences of renal failure.
Included also are the pathology and
pathophysiology of clinical renal disorders
such as acute and chronic glomerulonephritis,
pyelonephritis, and vascular disease. Enroll-
ment limited. Permission of instructor required.
(HST/MD and MEMP students may register
under HST 110, graded P/D/F.)
C. Coggins, H. Rennke, J. V. Bonventre,
M. Gray

HST 121 Gastroenterology

Prereq.: 7.012 or 7.013 or 7.014, 7.05, 8.01
G (1)
3-6-4 H-LEVEL Grad Credit

Presents the anatomy, physiology,
biochemistry, biophysics, and bioengineering
of the gastrointestinal tract and associated
pancreatic, liver, and biliary systems. Em-
phasis on the molecular and pathophysiologi-
cal basis of disease where known. Covers
gross and microscopic pathology and clinical
aspects. Formal lectures given by core faculty,
with some guest lectures by local experts.
Selected seminars conducted by students with
supervision of faculty. Enrollment limited. Per-
mission of instructor required. (HST/MD and
MEMP students may register under HST 120,
graded P/D/F.)
M. C. Carey, R. H. Schapiro, J. R. Wands,
J. L. Madara, J. M. Crawford

HST 131 Introduction to Neuroscience

Prereq.: Permission of instructor
G (1)
6-3-6 H-LEVEL Grad Credit

Explores major concepts in neuroscience on
several levels ranging from molecules and
cells through neural systems, perception, cog-
nition, and behavior. Aspects of neurophar-
macology, pathophysiology, neurology, and
psychiatry covered as well. Lectures supple-
mented by conferences and labs. Labs review
neuroanatomy at the gross and microscopic
levels. (HST/MD and MEMP students may
register under HST 130, graded P/D/F.)
G. D. Fischbach, B. Hyman, B. Bean

HST 133 Pathophysiology of the Nervous
System

Prereq.: HST 131
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
4-0-8 H-LEVEL Grad Credit
Discussion of physiological and biochemical
mechanisms of peripheral and central nervous
systems' diseases. Lectures emphasize ad-
vances in the basic sciences as they apply to
the muscular dystrophies, myasthenia gravis,
peripheral neuropathies, pain and nociception,
suprasegmental control of movement, multiple
sclerosis, Alzheimer's and Huntington's dis-
eases, epilepsy, sleep and biological rhythms,
strokes, and disorders of emotion and lan-
guage. Enrollment limited. Permission of in-
structor required. (HST/MD and MEMP
students may register under HST 132, graded
P/D/F.)
M. A. Moskowitz

HST 141 The Molecular and Biochemical
Basis of Some Clinical Disorders

Prereq.: 7.05
G (lAP)
4-0-6 H-LEVEL Grad Credit

Conducted as a seminar to study a variety of
human diseases and the underlying molecular
and biologic basis for the pathogenesis and
pathophysiology of the disorders. Lectures by
faculty and seminars conducted by students,
with tutorials and supervision by faculty. When-
ever possible, appropriate patients presented
and discussed. Appropriate for students who
have had a course in biochemistry and/or
molecular biology. (HST/MD and MEMP stu-
dents may register under HST 140, graded
P/D/F.)
P. M. Gallop, /. M. London, Associates

HST 151 Principles of Pharmacology

Prereq.: 7.012 or 7.013 or 7.014, 7.05, 8.01
G (2)
3-0-9 H-LEVEL Grad Credit

An introduction to pharmacology. Topics to be
covered include mechanisms of drug action,
dose-response relations, pharmacokinetics,
drug delivery systems, drug metabolism,
toxicity of pharmacological agents, drug inter-
actions, and substance abuse. Selected
agents and classes of agents will be examined
in detail. (HST/MD and MEMP students may
register under HST 150, graded P/D/F.)
R. J. Cohen, E. Edelman, R. Lees, C. Rosow

HST 161 Molecular Biology and Genetics in
Modern Medicine

Prereq.: 7.012 or 7.013 or 7.014, 7.05
G (1)
4-0-8 H-LEVEL Grad Credit

Focuses on the relationship between
molecular biology, developmental biology,
genetics, and medicine. In-depth analysis of
topics in gene regulation, signal transduction,
cell cycle control, and molecular embryology
are integrated with discussion of relevant clini-
cal topics and presentation of patients. Con-
sideration of specific human genetic diseases
forms the basis for exploring ethical issues
raised by molecular genetic advances. Outside
projects involve interaction with researchers,
clinicians, patients, and support organizations
focusing on a particular disease. Papers are
written, read by the class, and discussed in
small groups.
C. Tabin, D. Housman

HST 176 Cellular and Molecular
Immunology

Prereq.: 7.05
G (1)
4-0-8 H-LEVEL Grad Credit

Covers cells and tissues of the immune sys-
tem, the structure and function of antigen
receptors and the general principles governing
expression of antigen receptor genes, the cell
biology of antigen processing and presentation
including molecular structure and assembly of
MHC molecules, the biology of cytokines,
leukocyte-endothelial interactions, and the
pathogenesis of immunologically mediated dis-
eases. Consists of lectures and conferences
based on clinical cases which illustrate basic
concepts. Sections are integrated with
HST 030 Human Pathology. Enrollment is
limited to 40 students. (HST/MD and MEMP
students may register under HST 175, graded
P/D/F).
A. H. Lichtman, A. K. Abbas, K. L. Rock, As-
sociates
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HST 181J Genetics and Molecular
Medicine

(Same subject as 7.57J)
Prereq.: 7.012 or 7.013 or 7.014, 7.05
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (IAP)
4-0-8
Introduction to central issues in medical
genetics. Significance of karyotypic analysis in
clinical genetics and oncology. In-depth con-
sideration of well-defined, genetically based ill-
nesses including cystic fibrosis, muscular
dystrophies, and Huntington's disease. Clinical
issues posed by predisposition to common
forms of illness such as diabetes,
atherosclerosis, and specific forms of cancer
addressed from a molecular genetic perspec-
tive. Includes patient presentations, considera-
tion of genetic counseling issues, and the likely
clinical impact of new genetic diagnostic tech-
niques. (HST/MD and MEMP students may
register for HST 180, graded P/D/F.)
D. E. Housman, D. Page, L. Holmes

HST 191 Statistical Planning and Analysis
of Biomedical Investigations

Prereq.: 18.02
G (lAP)
3-0-3 H-LEVEL Grad Credit

Introduces statistical logic and technique as a
basis for clinical decisions and scientific in-
ference. Students learn to perform elementary
statistical calculations and acquire the con-
cepts and vocabulary to read biomedical litera-
ture critically and communicate productively
with statistical professionals. Includes prob-
ability theory, normal sampling, chi-square and
t-tests, analysis of variance, linear regression,
and survival analysis. Case studies include ap-
plications to diagnostic screening, clinical drug
trials, and physiological experiments. Em-
phasis on experimental studies rather than
epidemiology. (HST/MD and MEMP students
may register under HST 190, graded P/D/F.)
D. Finkelstein

HST 196 Teaching Health Sciences and
Technology

Prereq.: -
G (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

For teaching assistants in HST where the
teaching assignment is approved for academic
credit by the Department.
R. G. Mark

HST 198 Special Topics in Health Sciences
and Technology

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for study of graduate-level topics
related to HST but not included elsewhere in
the catalogue. Registration under this subject
normally used for situations involving individual
study under supervision of a faculty member,
but may, when appropriate, be used for small
study groups. Normal registration is for 12
units. Registration is subject to the approval of
the professor in charge.
R. G. Mark

HST 199 Research in Health Sciences and
Technology

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

For research assistants in HST where the as-
signed research is approved for academic
credit by the Department. Hours are arranged
with research supervisor.
R. G. Mark

HST 200 Introduction to Clinical
Medicine

Prereq.: Permission of instructor
G (2)
9-25-12 [P/D/F] H-LEVEL Grad Credit

February through May, Monday, Wednesday,
Friday. Students learn the basic skills involved
in examination of the patient and are intro-
duced to history taking and patient interview.
Students exposed to clinical problems in
medicine, surgery, and pediatrics in groups of
two or three students under one faculty mem-
ber. Findings reported through history taking
and oral presentation of the cases to the class.
An intensive subject serving as prerequisite to
clinical clerkships. Enrollment limited to stu-
dents in M.D. Program.
W. H. Churchill, J. Muller, J. Knox,
S. Eisenstat, Associates

HST 201 Introduction to Clinical Medicine
and Medical Engineering I

Prereq.: HST 011, HST 031, HST 091,
HST 101, HST 111, HST 131, 7.05
G (lAP)
0-20-0 [P/D/F] H-LEVEL Grad Credit

Required for doctoral students in MEMP pro-
gram. Required for doctoral students in MEMP
program. Students 1) develop skill in patient in-
terviewing and physical examination; 2) be-
come proficient at organizing and
communicating clinical information in both writ-
ten and oral forms; 3) begin integrating history,
physical, and laboratory data with
pathophysiologic principles; and 4) become
familiar with the clinical decision-making
process and broad economic, ethical, and
sociological issues involved in patient care.
Permission of instructor required.
R. G. Mark, C. J. Hatem, E. Spar,
J. C. Kryder

HST 202 Introduction to Clinical Medicine
and Medical Engineering II
Prereq.: HST 201
G (2)
0-20-0 [P/D/F] H-LEVEL Grad Credit

Strengthens the skills developed in HST 201
through a six-week clerkship in medicine at
Mount Auburn Hospital. Students serve as full-
time members of a ward team and participate
in longitudinal patient care. In addition, stu-
dents participate in regularly scheduled teach-
ing conferences focused on principles of
patient management.
E. Spar, C. J. Hatem, R. G. Mark,
J. C. Kryder, Associates

HST 203 Clinical Experience in Medical
Engineering and Medical Physics

Prereq.: HST 201, HST 202
G (1, 2, S)
0-12-0 [P/D/F] H-LEVEL Grad Credit

An individually arranged full-time one-month
directed study in a clinical environment where
active medical engineering/medical physics in-
vestigation is in progress. Students are active-
ly engaged in patient care, particularly those
aspects that interface closely with technology.
Students also focus on in-depth exploration of
the technical and research area. Term paper
required.
R. G. Mark

HST 220 Introduction to the Care of Patients

Prereq.: -
G (1)
2-0-2 [P/D/F] H-LEVEL Grad Credit

An elective course for HST/MD candidates
only. It is the goal of the course to provide
early access and insight into medical practice.
Opportunities for one-on-one student-patient
interviews. Discussions focus on patients, reac-
tion to illness, disease, and health care
delivery. Enrollment limited to 22.
A. N. Weinberg, J. M. Moses, MIT Medical
Department Staff

HST 230 Real Medicine

Prereq.: Permission of instructor
G (1, IAP, 2, S)
1-3-2 [P/D/F] H-LEVEL Grad Credit

An elective subject for HST/MD candidates
only. Students form a group medical practice
and participate in the longitudinal management
of medically fragile patients. Under the super-
vision of physician-preceptors, students
regularly visit patients at home and in the
hospital, and address relevant medical, ethical,
financial, and organizational issues. Students
begin the subject in the fall of the second year
of the MD curriculum and are expected to con-
tinue the subject for a minimum of two years.
D. August, R. Mark, J. M. Moses, P. McArdle,
Associates
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HST 240 Physician/Scientist
Preceptorship

Prereq.: Clerkships in medicine and surgery
G (1, 2, S)
0-20-20 [P/D/F] H-LEVEL Grad Credit

Two-month course required for all HST/MD stu-
dents beginning with the class of '93. Students
learn both the fundamental clinical principles
and practices of a medical or surgical sub-
specialty and are exposed to a related area of
research in sufficient detail to understand the
issues and methods of cutting-edge research.
Half devoted to clinical experiences; the other
half to scholarly work in basic or clinical
science. Arranged individually by the students.
E. Edelmann

HST 300 Clinical Management and
Physiology of Surgical Intensive Care
Patients

Prereq.: Clerkship in Medicine and permission
of instructor
G (1, 2, S)
0-15-0 [P/D/F] H-LEVEL Grad Credit

One-month course designed to teach quantita-
tive applications of basic physiologic and phar-
macologic concepts to synthesize diagnoses
and treatments for critically ill patients. Em-
phasis also on principles, applications, and
limitations of equipment used to monitor and
treat patients in intensive care units. Students
participate in individual and group discussions,
and are assigned clinically relevant basic
science readings and given supervised respon-
sibilities for one or more ICU patients. Stu-
dents are expected to give brief oral reports
weekly and a more comprehensive presenta-
tion integrating physiologic concepts with clini-
cal problems at the end of the month.
R. Teplick

HST 310 Advanced Cardiology

Prereq.: Clerkship in Medicine at HMS and
permission of instructor
G (1, 2, S)
0-30-0 H-LEVEL Grad Credit

Combines clinical experience and evaluation
of patients with a broad range of cardiac
problems on a busy consultation service, with
opportunities to follow patients in the nonin-
vasive and invasive cardiac laboratories.
During a second and, electively, third month,
students select an area of cardiovascular
medicine for either clinical or investigative in-
depth study. Students also present a seminar
on their topic.
W. H. Abelmann, D. S. Baim, P. Douglas,
W. Grossman, J. P. Morgan, J. A. Parker,
G. Ginsberg

HST 410J Biochemistry Laboratory
(New)

(Same subject as 5.071J)
Prereq.: 5.07, and 5.310 or 5.311
U (2)
2-8-2

Introduces experimental biochemistry techni-
ques in four modules centered on the study of
the enzyme [-galactosidase. Protein purifica-
tion and enzyme kinetics are combined with
basic molecular biology techniques that are es-
sential for modern protein biochemistry. The
four modules are 1) enzyme purification;
2) gene cloning; 3) site-directed mutagenesis;
4) enzyme kinetics. Kinetic analysis of wild
type and mutant enzymes with substrates and
inhibitors performed.
J. Williamson, P. Dedon

HST 511 Principles of Human Gross
Anatomy

Prereq.: Permission of instructor
G (2)
1-3-5 H-LEVEL Grad Credit

Consists of lectures and demonstrations of pre-
viously dissected materials, emphasizing ter-
minology and organizational principles of
human gross anatomy. Issues of modern imag-
ing receive particular emphasis. Limited enroll-
ment. (HST graduate students may register
under HST 510, graded P/D/F.)
S. W. Kennedy

HST 521J Biomedical Transport
Phenomena

(Same subject as 10.49J)
Prereq.: 10.301, 10.302 or equivalent
G (2)
2-0-4 H-LEVEL Grad Credit

See description under subject 10.49J.
C. K. Colton, W. M. Deen

HST 522J Biomaterials - Tissue
Interactions

(Same subject as 2.79J, 3.96J)
Prereq.: 2.791J or 7.06; and 3.13 or 10.21
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 2.79J.
1. V. Yannas, M. Spector

HST 523J Mechanical Forces in Organ
Development and Remodeling
(New)

(Same subject as 2.785J, 3.97J)
Prereq.: 2.791J or 7.06; 3.13 or 10.21
G (2)
3-0-9 H-LEVEL Grad Credit

Mechanical forces play a decisive role during
development of tissues and organs, during
remodeling following injury as well as in nor-
mal function. Mechanical forces influence cell
function primarily through deformation of the
extracellular matrix to which cells are attached.
The unit cell process paradigm together with
topics in connective tissue mechanics form the
basis for discussions of several topics from cell
biology, physiology, and medicine.
/. V. Yannas, M. Spector

HST 525J Transport Phenomena and
Tumor Pathophysiology

(Same subject as 10.548J)
Prereq.: 18.03; 2.20 or 10.301 or equivalent
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
2-0-4 H-LEVEL Grad Credit

Tumor pathophysiology plays a central role in
the growth, metastasis, detection, and treat-
ment of solid tumors. Principles of transport
phenomena are applied to develop a quantita-
tive understanding of angiogenesis (formation
of new blood vessels), blood flow and microcir-
culation, metabolism and microenvironment,
transport and binding of small and large
molecules, movement of cancer and immune
cells, metastatic process, radiotherapy,
chemotherapy, immunotherapy, hyperthermia,
and photodynamic therapy of solid tumors.
R. K. Jain

HST 530J Ultrasound: Physics, Biophysics,
and Technology

(Same subject as 2.76J, 6.562J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-1-7 H-LEVEL Grad Credit

See description under subject 2.76J.
P. P. Lele, F. R. Morgenthaler

HST 531J RF, Microwaves, ELF, Ultraviolet
and Ultrasound in Biomedical Sciences

(Same subject as 2.762J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
4-1-7 H-LEVEL Grad Credit

See description under subject 2.762J.
P. P. Lele, M. A. Pathak

HST 532J Hyperthermia: Biology,
Technology, and Cancer Therapy

(Same subject as 2.763J)
Prereq.: -
G (2)
4-1-7

See description under subject 2.763J.
P. P. Lele, H. F Bowman, T. S. Herman

HST 541J Quantitative Physiology: Cells
and Tissues

(Same subject as 6.521J, 2.794J)
Prereq.: 2.02 or 6.002 or 6.071; 8.02, 18.03
G (1)
5-2-5

See description under subject 6.521J.
T. F. Weiss

HST 542J Quantitative Physiology: Organ
Transport Systems

(Same subject as 6.022J, 2.792J)
Prereq.: 2.20 or 6.013, HST 541J
U (1)
4-2-6

See description under subject 6.022J.
R. G. Mark, R. Kamm



Division of Health Sciences and Technology (HST) 251D

HST 543J Quantitative Physiology: Sensory
and Motor Systems

(Same subject as 6.023J, 2.793J, 16.401J)
Prereq.: 2.02 or 6.003 or 16.060
U (2)
3-2-7

See description under subject 6.023J.
L. S. Frishkopf, C. Wall //, N. Hogan

HST 544J Fields, Forces, and Flows:
Background for Physiology

(Same subject as 6.561J, 2.795J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.561J.
A. J. Grodzinsky

HST 550J Fundamentals of Space Life
Sciences

(Same subject as 16.454J)
Prereq.: HST 542J or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 16.454J.
S. Churchill, C. M. Oman

HST 560J Biomedical and Industrial
Applications of Radiation

(Same subject as 22.55J, 22.055)
Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

See description under subject 22.55J.
Information. S. Yip.

HST 561J Principles of Medical Imaging

(Same subject as 22.56J, 2.761J)
Prereq.: Permission of instructor
G (2)
4-0-8 H-LEVEL Grad Credit

See description under subject 22.56J.
D. Cory, D. Rowe/I

HST 568J Radiation Biophysics

(Same subject as 22.57J)
Prereq.: 22.111
G (1)
4-0-8 H-LEVEL Grad Credit

See description under subject 22.57J.
J. Yanch

HST 569 Photomedicine

Prereq.: 7.012 or 7.013 or 7.014, 7.05, 8.02, or
equivalent
G (1)
3-0-9 H-LEVEL Grad Credit

The photophysical and photochemical proces-
ses induced in tissue by pulsed and cw laser
radiation are discussed. Fundamental
mechanisms related to therapeutic and diag-
nostic applications of lasers in medicine. Lec-
tures on clinical applications by specialists also
included. Subject is a participatory seminar
utilizing research articles and review chapters.
/. E. Kochevar, A. Doukas

HST 570J Biomedical Instrumentation
Electronics

(Same subject as 2.781J, 16.458J)
Prereq.: Permission of instructor
G (S)
6-6-6

Introduction to modern computer-based in-
strumentation through a major bioengineering
laboratory project in which each student
develops electronic circuits, interfaces them to
a microcomputer, and combines them to form
an instrument. Classroom material focuses on
electronic circuit elements, networks, signal
and system representations, logic and digital
design, elementary programming, and
physiological background. No background in
electrical engineering or programming required.
S. K. Burns, D. Rowe/

HST 572 Future Medical Technologies

Prereq.: Permission of instructor
G (2)
2-0-4 [P/D/F]

Helps medical and graduate students to
develop an understanding of the limitations of
current technology in medical practice and the
implications of current basic research for future
medical technology. Representative topics in-
clude artificial organs, living tissue equivalents,
imaging, and minimally invasive surgery techni-
ques. Students interact with their peers and
local research leaders in these fields in a semi-
nar setting, and are encouraged to generate
their own solutions to the problems discussed.
Students may find this course helpful in
evaluating possible theses. Open to advanced
undergraduates with permission of instructor.
J. C. Weaver

HST 573 Biological Control Systems

Prereq.: 6.003 or 2.02 or permission of instruc-
tor
G (2)
3-0-9 H-LEVEL Grad Credit

Application of control theory to the modeling
and analysis of biological systems. Dynamics
and system identification of compartmental
models. Feedback, feedforward, adaptive, and
optimal and fuzzy control mechanisms in
physiological control. Oscillation, chaos, and
catastrophe phenomena in nonlinear biological
systems. Neuronal and neural network
models. Emphasis on mathematical analysis
and computer simulation with examples from a
wide variety of biological and clinical applica-
tions.
C.-S. Poon

HST 575J Bioelectronics Project Laboratory

(Same subject as 6.121J)
Prereq.: 6.002 or 6.071
U (2)
2-8-2 Institute LAB

See description under subject 6.121J.
S. K. Bums, R. G. Mark

HST 582J Biomedical Signal and Image
Processing

(Same subject as 6.555J, 16.456J)
Prereq.: 6.003 or 2.02 or 18.085
G (2)
3-6-3 H-LEVEL Grad Credit

Fundamentals of digital signal processing with
particular emphasis on problems in biomedical
research and clinical medicine. Basic prin-
ciples and algorithms for data acquisition, im-
aging, filtering, and feature extraction.
Laboratory projects provide practical ex-
perience in processing physiological data, with
examples from neurophysiology, cardiology,
speech processing, and medical imaging.
B. Delgutte, W. M. Siebert

HST 584J Magnetic Resonance - Analytic,
Biochemical, and Imaging Techniques

(Same subject as 22.561J)
Prereq.: Permission of instructor
G (2)
3-0-12 H-LEVEL Grad Credit

Introduction to basic NMR theory, including a
quantum mechanical description of the NMR
experiment. Examples of biochemical data ob-
tained using NMR summarized along with
other related experiments. Detailed study of
NMR imaging techniques includes discussions
of basic cross-sectional image reconstruction,
image contrast, flow and real-time imaging,
and hardware design considerations. Ex-
posure to laboratory NMR spectroscopic and
imaging equipment included.
B. Rosen

HST 585J Biosensors, Signal Processing,
and Biomedical Applications

(Same subject as 6.566J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-3-6 H-LEVEL Grad Credit

Principles of measurements and instrumenta-
tion, emphasizing quantitative modelling of
basic transduction (sensing) processes, inter-
action of sensors with biological systems (e.g.
human body, clinical specimens), and both fun-
damental and practical limitations on the signal-
to-noise ratio. Emphasis on modern signal
processing strategies involving intensive real-
time computation as an integral part of the
measurement process. Some background in
life sciences and electronics assumed.
J. C. Weaver, S. K. Burns

HST 590 Biomedical Engineering Seminar

Prereq.: -
G (1, 2)
1-0-0 [P/D/F]
Can be repeated for credit

Weekly graduate seminars presented by HST
graduate students. Course is designed to pro-
vide students with a broad exposure to current
research in biomedical engineering and medi-
cal physics. Occasional visiting speakers,
scheduled between student presentations, are
used to broaden the scope of the seminars.
L. Cima
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HST 591 Biomedical Engineering Research
Seminar

Prereq.: -
G (1, 2)
2-0-0 H-LEVEL Grad Credit
Can be repeated for credit

Development of professional speaking skills in
the communication of research progress. Stu-
dents present their research, emphasizing
clear statement of the goals, significance, and
current status of their work. Confidential, writ-
ten feedback given by each member of the
audience. Required of all students affiliated
with the HST Biomedical Engineering Center.
J. C. Weaver

HST 595 Tutorial in Medical Engineering
and Medical Physics I

Prereq.: -
G (1)
2-0-0 [P/D/F)

Hospital-based tutorial for medical engineer-
ing/medical physics doctoral students. Small
group sessions to examine state-of-the-art ap-
plications of technology to patient care; ex-
plore active research programs with major
biomedical engineering content; and discuss
the economic, social, and ethical implications
of technology in health care.
E. G. Cravalho

HST 596 Tutorial in Medical Engineering
and Medical Physics 11

Prereq.: -
G (2)
0-2-0 [P/D/F]

Hospital-based subject for medical engineer-
ing/medical physics doctoral students.
Through tutorials, field trips, and site visits to
clinical facilities, students explore the impact of
modern technology upon medical practice in
such areas as surgery, intensive care, radiol-
ogy, cardiology, clinical engineering, laser
medicine, and emergency medicine.
E. G. Cravalho

HST 598 Special Topics in Medical
Engineering and Medical Physics

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

For undergraduates desiring to carry on sub-
stantial projects of their own choosing in medi-
cal engineering or medical physics. Work may
be of experimental, theoretical, or design na-
ture. A project proposal is required at time of
registration. Coordinator: H. F. Bowman.

HST 599 Special Topics in Medical
Engineering and Medical Physics

Prereq.: Permission of instructor
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Assigned reading and special problems or re-
search on special topics, either theoretical, ex-
perimental, or clinical. Arranged on individual
basis with instructor. A project proposal is re-
quired at time of registration.
Coordinator: E. G. Cravalho.

HST 710J Speech Communication

(Same subject as 6.541J, 24.968J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.541J.
K. N. Stevens, S. J. Keyser

HST 712J Laboratory on the Physiology,
Acoustics, and Perception of Speech

(Same subject as 6.542J, 24.966J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
2-2-8 H-LEVEL Grad Credit

See description under subject 6.542J.
K. N. Stevens

HST 714J Acoustics of Speech and
Hearing

(Same subject as 6.551J)
Prereq.: 8.03 and 6.003 or permission of in-
structor
G (1)
4-2-6 H-LEVEL Grad Credit

See description under subject 6.551J.
W. T. Peake, J. J. Rosowski,
W. M. Rabinowitz, K. N. Stevens

HST 716J Signal Processing by the Auditory
System: Perception

(Same subject as 6.552J)
Prereq.: 6.003; 6.041 or 6.431
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.552J.
L. D. Braida

HST 718 Anatomy of Speech and
Hearing

Prereq.: 7.012 or 7.013 or 7.014
G (1)
3-3-6 H-LEVEL Grad Credit

The anatomical structures that are key to
speech production and hearing are presented.
Laboratory exercises provide students with dis-
section experience and study of microscopic
specimens. Topics include gross anatomy of
head and neck structures, cranial nerves, and
the central nervous system. Special techni-
ques such as chemical markers, imaging, and
electron microscopy are demonstrated.
J. C. Adams, J. B. Kobler, P. Janfaza,
B. C. Fullerton

HST 720 Physiology of the Ear

Prereq.: HST 718, HST 714J
G (2)
4-0-8 H-LEVEL Grad Credit

Physiological mechanisms underlying the
transmission and processing of signals in the
auditory periphery. Topics include comparative
anatomy; acoustics, mechanics, and
hydrodynamics of sound transmission; physiol-
ogy of transduction and synaptic transmission;
neural coding of simple and complex sounds;
feedback control; and the physiological bases
for hearing disorders. Emphasis on experimen-
tal observations, theories, quantitative models,
and clinical relevance.
M. C. Liberman, D. Freeman, Staff

HST 722 Brain Mechanisms for Hearing and
Speech
(New)

Prereq.: HST 720
G (1)
4-0-8 H-LEVEL Grad Credit

The anatomy and physiology of the central
nervous system relevant to speech and hear-
ing. Specific topics include: the anatomy, con-
nections, neurochemistry and single-neuron
physiology of the brainstem auditory system in-
cluding the feedback control systems; the
midbrain and forebrain auditory system;
auditory evoked potentials; motor control and
the control of the muscles of speech; cortical
representation of speech and language func-
tion.
J. J. Guinan, M. C. Brown

HST 724 Clinical Aspects of Speech and
Hearing
(New)

Prereq.: HST 714, HST 718, HST 720, and
HST 722
G (2)
6-0-6 H-LEVEL Grad Credit

Clinical approaches to speech and hearing
problems. Lectures, discussion sessions, and
presentations of patients by otolaryngologists,
audiologists, speech clinicians, pathologists,
rehabilitation specialists, and bioengineers.
Principles of clinical research.
J. B. Nadol, Staff

HST 790 Research Approaches to Speech
and Hearing

Prereq.: 6.021J or 6.501 or 7.20 or 9.00
G (2)
6-0-6 H-LEVEL Grad Credit

Methods and ideas in research on speech and
hearing. Approaches and techniques of
various research groups are demonstrated
and analyzed. Readings and discussions il-
lustrate how knowledge has been gained in
the speech and hearing sciences. Issues such
as standards for conducting research, integrity
in science, criteria for human and animal
studies are examined in detail. A written re-
search proposal is required of each student.
N. Y. S. Kiang, Staff
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HST 901J Health Economics

(Same subject as 14.21J)
Prereq.: 14.01
U (1)
3-0-9 HASS

See description under subject 14.21J.
J. E. Harris

HST 902 Current Economic and Regulatory
Problems in Toxicology

Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9
Examination of tools available to economists
and toxicologists for decision making in a
regulatory environment. Case method used
with lectures on topics such as multistage car-
cinogenesis, diet and cancer, carcinogenesis
and mutagenesis testing, some aspects of
FDA and EPA regulatory law, extrapolation of
test results, decision making, and risk assess-
ment.
J. E. Harris

HST 903J Health Economics Seminar

(Same subject as 14.286J)
Prereq.: 14.04, permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 14.286J.
J. E. Harris

HST 920J Health Technology

(Same subject as 15.136J, 10.547J)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 15.136J.
S. N. Finkelstein, C. L. Cooney

HST UR Undergraduate Research in Health
Sciences and Technology

Prereq.: -
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

HST URG Undergraduate Research in
Health
Sciences and Technology
(New)

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Extended participation in the work of a faculty
member or research group. Research is ar-
ranged by mutual agreement between the stu-
dent and a member of the faculty of the
Harvard-MIT Division of Health Sciences and
Technology, and may continue over several
terms. Registration requires submission of a
written proposal, signed by the faculty super-
visor. A summary report must be submitted at
the end of each term.
H. F. Bowman

HST ThG Graduate Thesis

Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research leading to the
writing of a Ph.D. or Sc.D. thesis or to the HST
SM thesis; to be arranged by the student and
an appropriate MIT faculty advisor.
R. G. Mark
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MAS Media Arts and Sciences

For degree requirements, see listing in
Chapter VII under the School of
Architecture and Planning.

Undergraduate Subjects

MAS UR Undergraduate Research in Media
Arts and Sciences
(New)

Prereq.:
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

MAS URG Undergraduate Research in
Media Arts and Sciences
(New)

Prereq.: -
U (1, 2, S)
Units arranged
Can be repeated for credit

Individual or group study, research, or
laboratory investigations under faculty super-
vision, including individual participation in an
ongoing research project. See UROP coor-
dinator for further information.
C. Schmandt

MAS 001 Introduction to Media Arts and
Sciences
(New)

Prereq.: -
U (2)
3-0-3
Examines new technologies and applications
in information and entertainment, perceptual
computing, learning and common sense. Ex-
plores the convergence of computing, com-
munications, and consumer electronics, with
emphasis on the human interface, machine in-
telligence, and personalized media. Includes in-
troductions to holography, computer graphics,
interactive cinema, electronic music, digital
television, machine vision, speech processing,
interface agents, and interface physics. Large
lecture format accompanied by team research
projects on world activities in these areas. Sub-
ject intended as prerequisite to new proposed
undergraduate curriculum in Media Arts and
Sciences to be offered Fall '94.
N. P. Negroponte

MAS 002 Listening, Seeing, and Deciding
(New)

(Subject meets with MAS 602)
Prereq.: MAS 001
U (1)
3-0-6
Fundamentals of human perceptual and
decision performance, and their application to
the design of human-machine systems. Basic
human auditory mechanisms of pitch, timbre,
and loudness perception, and the role of rhyth-
mic and melodic organization in music percep-
tion and cognition. Fundamentals of human
vision, mechanisms of form, contrast, and
color perception, and the use of linear systems
theory in understanding visual perception. Fun-
damentals of memory, measures of similarity,
categories and prototypes, and attention; rela-
tions between mechanisms or perception and
cognition. Students conduct a psychological ex-
periment in vision, audition, and decision
making, to become familiar with each area's
experimental methods. Meets with graduate
subject MAS 602, but assignments differ.
B. Vercoe, A. Pentland, A. Bobick, Staff

MAS 003 Learning in Children and
Machines
(New)

Prereq.: MAS 001
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6

Models of learning from artificial intelligence,
developmental psychology, and education.
Special emphasis on how work with computers
and interactive environments can provide new
insights into learning, thinking, and the nature
of knowledge. Includes studies of computer
programs that learn and evolve; computational
media that help people learn new things in
new ways; learning in collaborative settings.
Reading from artificial intelligence, psychology,
computer science, and education.
M. Resnick, M. Minsky, S. Papert,
E. Ackermann, K. Haase, P. Maes

MAS 004 Design for Interactive Media
(New)

Prereq.: MAS 001
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6
The interplay between creative expression and
technological capability is explored. Emphasis
on constructing and evaluating innovative form
and content for media art, information, and
entertainment. The principles of music,
graphics, and movies are studied as they re-
late to the the design of computer-mediated ex-
periences. Techniques and theories of input,
output, interpretation, display, transmission,
and related computational structures are dis-
cussed in the context of experimental con-
cepts and practical constraints. Course work
includes readings, experiments, and a final
project. Limited enrollment, with preference
given to sophomores.
M. Cooper, G. Davenport, T. Machover, Staff

MAS 101 Signals, Systems, and Information
for Media Technology
(New)

(Subject meets with MAS 510)
Prereq.: 18.02
U (1)
4-0-8

Fundamentals of signals, systems, and infor-
mation theory with emphasis on modeling both
the audio/visual message and the human
recipient. Linear systems, difference equa-
tions, Z-transforms, sampling and sampling
rate conversion, convolution, filtering, modula-
tion, Fourier analysis, entropy, noise,
Shannon's fundamental theorems. Basic
psychovisual and psychoacoustic charac-
teristics for the human observer. Additional
topics may include data compression, filter
design, and feature detection. Meets with
graduate subject MAS 510, but assignments
differ.
V. M. Bove, R. W. Picard
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Perceptual Computing

MAS 210 High-Level Computer Vision:
Methods and Models
(New)

(Subject meets with MAS 624)
Prereq.: 18.03 and 18.06 or equivalent linear
algebra subject
U (2)
3-0-9
Addresses high-level computer vision issues
such as geometric reconstruction, vision for
autonomous navigation, recognition, scene
labeling, and scene monitoring. Consideration
of vision as an inference problem where the
system is attempting to make decisions about
the scene. Second half emphasizes image se-
quences where variation over time is impor-
tant. Subject is divided into five or six
segments. Each segment begins with fun-
damental material such as specific mathemati-
cal techniques and concludes with discussions
of particular approaches and methods used by
researchers. Meets with graduate subject
MAS 624, but assignments differ.
A. Bobick, Staff

MAS 290 Special Projects in Perceptual
Computing
(New)

Prereq.: Permission of instructor
U (1, 2, S)
Units arranged
Can be repeated for credit

MAS 291 Special Projects in Perceptual
Computing
(New)

Prereq.: Permission of instructor
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Special projects on group or individual basis.
Registration subject to prior arrangement of
subject matter and supervision by staff.
Staff

Learning and Common Sense

MAS 330 The Art of Artificial Intelligence
Programming

(4.835)
(Subject meets with MAS 733)
Prereq.: 6.034 and 6.001 or equivalents
U (1)
3-0-9
Overview of artificial intelligence programming
techniques and paradigms. Topics include rep-
resentation languages, inference engines,
truth maintenance systems, natural language
interfaces, programming environments, intel-
ligent user interfaces, analyzing complexity,
and maintaining large systems. Meets with
graduate subject MAS 733. Graduate students
are expected to complete an additional project.
K. Haase, Jr.

MAS 334 Projects in Autonomous
Intelligent Agent Modeling

(4.836)
Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

Work on an individual or group basis in the
area of autonomous agents. Modeling
autonomous agents as diverse as artificial
creatures operating in complex, dynamic, vir-
tual worlds as well as personal assistant
agents that cooperate in the realization of a
user's typical computer-based tasks. Registra-
tion subject to prior arrangement of subject
matter and supervision of staff.
P. Maes

MAS 390 Special Projects in Learning and
Common Sense
(New)

Prereq.: Permission of instructor
U (1, 2, S)
Units arranged
Can be repeated for credit

MAS 391 Special Projects in Learning and
Common Sense
(New)

Prereq.: Permission of instructor
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Special projects on group or individual basis.
Registration subject to prior arrangement of
subject matter and supervision by staff.
Staff

Information and Entertainment

MAS 430 Design of Dynamic and Intelligent
Information Graphics

(4.8 16)
(Subject meets with MAS 832)
Prereq.: Knowledge of programming (C/LISP)
and/or permission of instructor
U (2)
2-4-6

Workshop/seminar in design for dynamic and
intelligent information in multimedia electronic
environments. Visual and communication arts
knowledge examined in experiential, ex-
perimental, and analytical terms in the context
of this new medium. The synthesis of graphics
with artificial intelligence used to capture
design knowledge and express new
vocabularies. Regular readings, papers, small
and large projects are assigned. Visual com-
munication and programming experience
preferred. Meets with graduate subject
MAS 832, but assignments differ.
M. Cooper, D. Small

MAS 432, MAS 433 Graphics/Imaging Media
Projects

(4.818, 4.819)
Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

Special work on an individual or group basis
combining research and projects of multidimen-
sional graphics, typography, imaging, static or
dynamic, 2- or 3-D, and audio in an intelligent
electronic design environment. Registration
subject to prior acceptance of project, super-
vision by VLW staff. Completion dependent on
successful demonstration and documentation
of semester's project.
M. Cooper, H. Lieberman, R. MacNeil, D. Small

MAS 440 Workshop in Elastic Movie Time

(4.866)
(Subject meets with MAS 848)
Prereq.: Permission of instructor
U (1)
3-3-6

A workshop in the design and production of in-
teractive multimedia. Establishes a framework
for interactive multimedia as a form of litera-
ture; considers a range of topics, including
cinematic journalism, collaborative authorship,
shooting and editing technique, and interface
design. Students work in teams of three or four
to design, produce, and program segments of
a collaborative publication. Meets with
graduate subject MAS 848, but assignments
differ.
G. Davenport

MAS 443 Special Projects in Video
Production

(4.869)
Prereq.: Permission of instructor
U (1, 2)
Units arranged
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment of subject matter and supervision by staff.
G. Davenport

MAS 450 Holographic Imaging

(4.862)
(Subject meets with MAS 854)
Prereq.: Permission of instructor
U (1)
3-5-4 Institute LAB

A laboratory-based exploration of the prin-
ciples, techniques, and applications of holog-
raphy as a 3-D image communication medium.
Begins with interference and diffraction, and
proceeds through laser off-axis holography to
white-light "rainbow" and reflection holog-
raphy. Term project required, with oral presen-
tation and written report. Lab fee. Limited
enrollment with preference given to freshmen
and sophomores. Meets with graduate subject
MAS 854, but assignments differ
S. Benton
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MAS 490 Special Projects in Information
and Entertainment
(New)

Prereq.: Permission of instructor
U (1, 2, S)
Units arranged
Can be repeated for credit

MAS 491 Special Projects in Information
and Entertainment
(New)

Prereq.: Permission of instructor
U (1, 2, S)
Units arranged [P/D/F]
Can be repeated for credit

Special projects on group or individual basis.
Registration subject to prior arrangement of
subject matter and supervision by staff.
Staff

Graduate Subjects

MAS 510 Signals, Systems, and Information
for Media Technology
(Revised Units)

(4.890)
(Subject meets with MAS 101)
Prereq.: 18.02
G (1)
4-0-8

Meets with undergraduate subject MAS 101.
Requires the completion of additional ad-
vanced homework problems. See description
under subject MAS 101.
V. M. Bove, R. W. Picard

MAS 520 Media Arts and Sciences Doctoral
Proseminar
(Revised Units)

(4.994)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

A seminar on Media Arts and Sciences, an
emerging discipline. The seminar is conceived
of as participation in the development of a new
discipline as much as the study of it. Extensive
reading list touches on antecedent disciplines
(e.g., technologies of computational media,
cognitive sciences, Al, theory of communica-
tion, design) and on the sociological, historical,
and epistemological study of intellectual dis-
ciplines. Required of Ph.D. students in the
Media Arts and Sciences Program. Restricted
to doctoral candidates.
R. Bolt, Staff

Perceptual Computing

MAS 602 Listening, Seeing, and Deciding
(New)

(Subject meets with MAS 002)
Prereq.: Permission of instructor
G (1)
3-0-6
Meets with undergraduate subject MAS 002.
Requires the completion of additional experi-
ment or paper. See description under subject
MAS 002.
B. Vercoe, A. Pentland, A. Bobick, Staff

MAS 622J Pattern Recognition and Analysis

(4.902)
(Same subject as 1.553J)
Prereq.: A working knowledge of probability
theory and linear algebra
G (2)
3-0-9 H-LEVEL Grad Credit

Fundamentals of characterizing and recogniz-
ing patterns and features of interest in numeri-
cal data. Basic tools and theory for signal
understanding problems with examples from
multi-media, environmental monitoring, com-
puter vision, remote sensing, medical and
biological image processing. Decision theory,
statistical classification, maximum likelihood
and Bayesian estimation, non-parametric
methods, unsupervised learning and cluster-
ing, context-dependent methods. Additional
topics from active research.
R. W. Picard, A. Pentland

MAS 624 High-Level Computer Vision:
Methods and Models
(New)

(Subject meets with MAS 210)
Prereq.: Permission of instructor
G (2)
3-0-9
Meets with undergraduate subject MAS 210.
Additional attendance at occasional seminars
is required along with a research paper or
project involving high-level vision. Presentation
of assigned research papers may also be re-
quired. See description under subject
MAS 210.
A. Bobick, Staff

MAS 626J Image Representations for Vision

(4.906J)
(Same subject as 9.358J)
Prereq.: MAS 510 or permission of instructor
G (1)
2-0-7 H-LEVEL Grad Credit

Natural and artificial vision systems begin by
transforming an image into a set of repre-
sentations, thus choosing the "languages" to
be used at each stage of visual processing.
This seminar surveys a variety of repre-
sentations proposed in the context of human
perception, neurophysiology, machine vision,
and image processing, and explores how
these representations can be used in such
tasks as object recognition, image data com-
pression, motion analysis, texture analysis,
and so on. A reasonable facility with mathe-
matics and computation will be expected.
E. H. Adelson, A. Pentland

MAS 627 Special Topics in Vision Science

(4.907)
Prereq.: Permission of instructor
G (2)
2-0-7 H-LEVEL Grad Credit
Can be repeated for credit

An advanced seminar on issues of current in-
terest in computational and biological vision.
Topics vary from year to year. Participants dis-
cuss the current literature as well as their own
ongoing research.
E. H. Adelson

MAS 632 Conversational Computer
Systems

(4.962)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Interaction with computer systems by voice, in-
cluding speech synthesis, recognition, and digi-
tal recording techniques. Emphasis on human
interface design issues and interaction techni-
ques to successfully exploit the speech
medium for computer applications, including
extensive reading from current research litera-
ture. Topics include human speech production
and perception, isolated and connected
speech recognition, text-to-speech synthesis
algorithms, telephone technologies, parsers,
and dialogue generation.
C. Schmandt
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MAS 641J Digital Audio Processing

(4.921J)
(Same subject as 21 M 566J)
Prereq.: MAS 510
G (2)
3-3-3 H-LEVEL Grad Credit

Audio signal processing for expressive com-
munication. Analysis/synthesis of speech and
music, linear-prediction, phase vocoders, digi-
tal sampling, mixing, editing, reverberation.
Music representation, computer-generated
scores, performer-like interpretation. Pitch
detection, tracking of live performers, machine
response. Building expressive workstations via
realtime object-oriented audio processing. As-
signments and synthesis projects.
B. Vercoe

MAS 642J Writing for Computer
Performance

(4.922J)
(Same subject as 21 M 565J)
Prereq.: MAS 641J
G (1)
3-3-3 H-LEVEL Grad Credit

Music composition using digital audio as an ex-
pressive medium. Audio processing in specific
musical contexts. Stylistic relationship between
instrumental and electronic writing, and integra-
tion of these media as found in works of
Davidovsky, Boulez. Directed composition of
an original work for digital synthesis, and
preparation for its performance in an end-of-
term public concert.
B. Vercoe

MAS 690 Special Projects in Perceptual
Computing

(4.908)
Prereq.: Permission of instructor
G (1, 2)
Units arranged
Can be repeated for credit

Special projects on individual or group basis.
Registration subject to prior arrangement of
subject matter and supervision by staff.
Staff

Learning and Common Sense

MAS 712 Technological Tools for Learning

(4.942)
Prereq.: -
G (1)
2-0-7
Examines the various roles that computers
(and other technological innovations) can play
in the learning process. Discusses ideas under-
lying the educational use of: simulations,
programming environments, telecommunica-
tions, intelligent tutors, multimedia,
microworlds, video games. Special emphasis
on the design of new educational tools, en-
vironments, and microworlds.
M. Resnick, E. Ackermann

MAS 713 Learning Environments

(4.943)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Seminar to develop a framework for under-
standing the entry of new technologies - com-
puters, video technologies, communications -
into the process of learning. Reading covers a
broad range of topics in human sciences, epis-
temology, and computer sciences; research
projects, either self-initiated or assigned.
S. A. Papert

MAS 714J Evolving Conceptions of
Systems and Self

(4.944J)
(Same subject as STS 528J)
Prereq.: -
G (2)
2-0-7

See description under subject STS 528J.
M. Resnick

MAS 715 Children as Builders of Their Own
Cognitive Tools

(4.945)
Prereq.: Permission of instructor
G (2)
3-0-6 H-LEVEL Grad Credit

Knowledge acquisition from a constructivist
point of view. The child examined as the con-
structor of his/her cognitive tools. Knowledge
examined as the child's capacity to gain con-
trol over her/his environment.
E. Ackermann

MAS 718 Research Seminar in Learning
Environments

(4.948)
Prereq.: Permission of instructor
G (1, 2)
3-0-3 H-LEVEL Grad Credit
Can be repeated for credit

Presentations of research projects in learning
and epistemology; discussions of work in
progress; formulation of methodological and
conceptual guidelines.
Staff

MAS 731J The Society of Mind

(4.931 J)
(Same subject as 6.868J)
Prereq.: Must have read The Society of Mind
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 6.868J.
M. L. Minsky

MAS 733 The Art of Artificial Intelligence
Programming

(4.933)
(Subject meets with MAS 330)
Prereq.: 6.034 and 6.001 or equivalents
G (1)
3-0-9
Meets with undergraduate subject MAS 330.
See description under subject MAS 330.
K. Haase, Jr.

MAS 734 Projects in Knowledge
Representation

(4.934)
Prereq.: 6.170 and MAS 733 or equivalents
G (2)
3-0-6 H-LEVEL Grad Credit
Can be repeated for credit

Focus on building practical domain repre-
sentations for intelligent systems and introduc-
ing students to a variety of representation
toolkits. Students gain sophistication in the
design and critique of representation systems
as well as practical skills in application
specification and interface design. Students
complete a substantial project involving repre-
sentation, application, and interface com-
ponents.
K. Haase, Jr.

MAS 738 Modeling Intelligent Autonomous
Agents

(4.935)
Pr req.: One subject in introductory artificial
intelligence
G (2)
2-0-7 H-LEVEL Grad Credit

Presents an overview of models and techni-
ques for building autonomous intelligent
agents. Topics covered include: models of ac-
tivity, models of learning, models of com-
munication and cooperation, and applications
of autonomous intelligent agents. Assorted
readings from the literature. Final
paper/project and final exam.
P. Maes

MAS 790 Special Projects in Learning and
Common Sense

(4.949)
Prereq.: Permission of instructor
G (1, 2)
Units arranged
Can be repeated for credit

Special projects on individual or group basis.
Registration subject to prior arrangement of
subject matter and supervision by staff.
Staff
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Information and Entertainment

MAS 813 Structured Video
(New)

Prereq.: Permission of instructor
G (2)
2-0-7 H-LEVEL Grad Credit

Analysis of content-based moving-image data
structures for compression, interaction, and
digital interchange. Topics include 2-D object-
oriented coding and representations; 2-D and
3-D scene modeling and model-based coding;
scalable video, integration and extension of ex-
isting picture formats and processing architec-
tures to include high-level picture information;
transformation of image data for different for-
mats and displays.
A. Lippman

MAS 814 Digital Image Processing for Hard
Copy

(4.964)
Prereq.: MAS 510 or permission of instructor
G (2)
2-0-7 H-LEVEL Grad Credit

An examination of the electronic processing of
images for hard copy and of the technologies
associated with document production. Topics
to be covered include two-dimensional Fourier
transforms, halftoning, digital typography, out-
put processes, color, psychophysics, and still
image coding. Term paper or project with both
written and oral presentation required. A
reasonable facility with mathematics is as-
sumed. Open to qualified undergraduates.
V. M. Bove, Jr.

MAS 815 Issues of Color in Media
Technology

(4.965)
Prereq.: -
G (1)
2-0-7
The technical aspects of color for use in practi-
cal applications of media technology. Color is
discussed from three distinct points of view:
human vision, visual processing, and digital
displays. Topics include: the production of
color, physiology and psychophysics of color,
the sensation of color, color systems, coding
and processing, color vision, rendering in
graphics environments, color as an interface,
semantics and aesthetics of color. Weekly
reading, lab work, and individual term projects.
W. Bender

MAS 825J Musical Aesthetics and Media
Technology

(4.925J)
(Same subject as 21 M 580J)
Prereq.: Permission of instructor
G (1)
3-3-3 H-LEVEL Grad Credit

In-depth exploration of contemporary concepts
in music and media. Studies recent music that
uses advanced technology, and the artistic
motivations and concerns implied by the new
media. Practical hands-on experience with
computer music technology, with special em-
phasis on MIDI-based synthesizers and
samplers and real-time performance systems.
Term project required.
T. Machover

MAS 826J Projects in Media and Music

(4.926J)
(Same subject as 21 M 581J)
Prereq.: MAS 825J
G (2)
3-3-3 H-LEVEL Grad Credit
Can be repeated for credit

Current computer music concepts and prac-
tice. Project-based work on research or produc-
tion projects using the Media Lab's computer
music resources. Requires significant studio
work and a term project. May be repeated for
credit with permission of instructor.
T. Machover

MAS 832 Advanced Design of Dynamic and
Intelligent Information Graphics

(4.882)
(Subject meets with MAS 430)
Prereq.: Knowledge of programming (C/LISP)
and/or permission of instructor
G (2)
2-4-6

Meets with undergraduate subject MAS 430.
See description under subject MAS 430.
M. Cooper, D. Small

MAS 835 Computers and Graphics
Workshop I
(4.885)
Prereq.: Permission of instructor
G (1)
2-4-6 H-LEVEL Grad Credit
Can be repeated for credit

Integrated seminar-workshop researches is-
sues relevant to the graphic synthesis of
design, research, and artificial intelligence.
The first semester addresses: 1. VLW com-
putational resources and programming con-
cepts; 2. Design issues in traditional and
electronic environments; and 3. Artificial intel-
ligence concepts and issues. Issues of
dynamics and interaction in a multimedia infor-
mation environment are examined. Small
projects, a term paper, and a project are re-
quired. Enrollment limited.
M. Cooper, D. Small

MAS 836 Computers and Graphics
Workshop 11
(4.886)
Prereq.: MAS 835
G (2)
2-4-6 H-LEVEL Grad Credit
Can be repeated for credit

Examines topics from MAS 835 in greater
detail, and expands on artificial intelligence
concepts and issues. Small projects, a term
paper, and final project are required. Program-
ming (C and LISP) and experience in visual
arts required, except with permission of instruc-
tor. Enrollment limited.
R. MacNeil, H. Lieberman

MAS 838, MAS 839 Graphic Imaging Media
Projects

(4.888, 4.889)
Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Special work on an individual or group basis
combining research and projects of multidimen-
sional graphics, typography, imaging, static or
dynamic, 2- or 3-D, and audio in an intelligent
electronic design environment. Registration
subject to prior acceptance of project, super-
vision by VLW staff. Completion dependent on
successful demonstration and documentation
of semester's project.
M. Cooper, H. Lieberman, R. MacNeil, D. Small

MAS 845 Special Topics in Cinematic
Storytelling

(4.985)
Prereq.: Permission of instructor
G (2)
Units arranged H-LEVEL Grad Credit

Seminar explores approaches to repre-
sentation for computer-assisted cinematic
storytelling. The relationship of the moviemak-
ing process to form and content is analyzed.
Concepts of "expert editor" and "expert viewer"
are introduced. Using sample material (a
story/some footage), a constraint-based ap-
proach to shot design and editing conventions
is considered, and symbolic representations
for story structures are evolved. Individual
projects in content representation and tool
design.
G. Davenport

MAS 848 Workshop in Elastic Movie Time

(4.988)
(Subject meets with MAS 440)
Prereq.: Permission of instructor
G (1)
3-3-6 H-LEVEL Grad Credit

Meets with undergraduate subject MAS 440.
See description under subject MAS 440.
G. Davenport
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MAS 849 Special Topics in Multimedia
Production

(4.989)
Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Individual or group work of advanced and ex-
perimental scope. Registration contingent
upon prior determination of subject matter and
plan for treatment, as well as arrangement for
staff supervision and project funding.
G. Davenport

MAS 853 Spatial Imaging Systems

(4.953)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-2-4 H-LEVEL Grad Credit

Surveys the technology of spatial imaging from
stereoscopes to holograms, emphasizing un-
aided viewing systems, and explores the per-
ceptual, technical, and aesthetic bases of
satisfying three-dimensional image com-
munication. Includes a review of the elements
of imaging optics. Lab fee. Open to qualified
undergraduates.
S. Benton

MAS 854 Holographic Imaging

(4.954)
(Subject meets with MAS 450)
Prereq.: Permission of instructor
G (1)
3-5-4

Meets with undergraduate subject MAS 450.
See description under subject MAS 450.
S. Benton

MAS 856 Synthetic Holography

(4.956)
Prereq.: MAS 854
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-3-3 H-LEVEL Grad Credit

An introduction to the synthesis of holographic
3-D images from digital, video, and
photographic data, and their applications.
Limited enrollment.
S. Benton

MAS 858 Creative Holography Workshop

(4.958)
Prereq.: Permission of instructor
G (2)
3-3-3

An introduction to the history, methods, and
aesthetics of holographic image making. Stu-
dents create holograms in the lab on a weekly
basis, learning to use holography as a medium
of expression and as a tool for the investiga-
tion of three-dimensional ideas in design, ar-
chitecture, environmental design, and
engineering studies. Lab fee. Limited enroll-
ment.
B. Connors

MAS 862 Physics and Media
(New)
Prereq.: Permission of instructor
G (2)
3-0-6
Familiar devices such as computers and
telephones that collect, store, manipulate,
transmit, and present information operate near
many physical limits. Subject explores the
relationship between the device design and
the underlying physical principles for a range
of systems, in order to understand how they
operate, what their limits are, the implications
of these limits for their efficient use, and how
they can be improved. Assumes a general in-
troductory physics background.
N. Gershenfeld

MAS 864 Modeling Nature
(New)

Prereq.: Permission of instructor
G (1)
2-0-7 H-LEVEL Grad Credit

Surveys the range of levels of description use-
ful for the computer modelling of physical
phenomena, including: analytical approxima-
tions, finite difference, and finite element solu-
tions for ODE's and PDE's; error propagation
and control; symmetry and the imposition of
boundary conditions; matrix calculations; linear
and nonlinear system indentification and repre-
sentations; molecular dynamics and cellular
automata models. Emphasis on the practical
implementations of these ideas by students.
N. Gershenfeld

MAS 890 Special Projects in Information
and Entertainment

(4.969)
Prereq.: Permission of instructor
G (1, 2)
Units arranged
Can be repeated for credit

Special projects on individual or group basis.
Registration subject to prior arrangement of
subject matter and supervision by staff.
Staff

General

MAS 910 Research in Media
Technology

(4.992)
Prereq.: -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit

For research assistants in Media Arts and
Sciences, where the assigned research is ap-
proved for academic credit by the Department.
S. Benton

MAS 940 Preparation for S.M. Thesis

(4.993)
Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Selection of thesis topic, definition of method
of approach, and preparation of thesis
proposal. Independent study supplemented by
individual conferences with faculty. Co-registra-
tion with 21W 793 or equivalent required.
S. Benton

MAS 950 Preparation for Ph.D. Thesis

(4.995)
Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Selects thesis subject, defines method of ap-
proach, and prepares preliminary thesis out-
line. Independent study, supplemented by
frequent individual conferences with staff mem-
bers. Restricted to doctoral candidates.
S. Benton

MAS 961-964 Special Topics in Media
Technology

(4.996-999)
Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff
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SP Special Programs

Project Interphase
Program XL
Experimental Study Group
Concourse Program
Integrated Studies Program
Women's Studies Program

Project Interphase: Pre-Freshman
Summer Program

SP 100 Project Interphase

Prereq.: -
U (S)
Units arranged

An eight-week academic and skills-honing pro-
gram, Project Interphase is designed to en-
hance the preparedness of underrepresented
minority students entering MIT in the fall
semester. The program has a dual focus:
academic readiness and general educational
development. The program involves calculus,
physics, writing, and supporting academic ac-
tivities, including small-group learning. The stu-
dents can earn transcript credit for subjects
taken in the program, sometimes resulting in
advanced placement in corresponding sub-
jects taken in the fall. Activities include day
trips to area cultural, recreational, and busi-
ness sites. Students participate in a range of
personal educational development seminars
and activities designed to insure their smooth
transition to college life. The summer ex-
perience gives them increased opportunity to
prepare for the rigors of an MIT full-subject
load.
A. Mattuck

Program XL

SEM XL1 Program XL: You Can Be a
Success at MIT

Prereq.: -
U (1)
3-0-3 [P/D/F]

SEM XL2 Program XL: You Can Be a
Success at MIT

Prereq.: -
U (2)
3-0-3 [P/D/F]

An academic enrichment program for first-year
students, XL utilizes the innovative and effec-
tive small-group learning concept to enhance
students' academic performance in calculus
and physics. Students meet in study groups of
five to six participants with facilitators trained in
effective classroom techniques and concept
focus. The study groups help students to rein-
force concepts learned in the regular cur-
riculum, and help them to gain mastery of
concepts and problems that are often more
challenging than those dealt with during lec-
ture. The small study group format em-
phasizes the full participation of each student
with the facilitator acting as a guide. The
regularity of weekly meetings enhances the
students' understanding of MIT's academic ex-
pectations. After the initial meetings, students
are encouraged to take more responsibility
and to lead the group in problem-solving ses-
sions, which helps to maximize their own learn-
ing. Each calculus and physics study group
meets for a minimum of three hours each
week. The meeting time is set by the XL
facilitator based on students' schedules.
K. Manning

Experimental Study Group

SP 211 ESG (Experimental Study Group)

Prereq.: -
U (1)
Units arranged [P/D/F]

SP 212 ESG (Experimental Study Group)

Prereq.:
U (2)
Units arranged [P/D/F]

A flexible and individualized academic pro-
gram for first-year students which utilizes small
classes, tutorials, and independent study as
the primary methods of instruction for the fresh-
man curriculum. Credit available in subjects in
biology, chemistry, mathematics, and physics,
as well as several HASS and HASS-D offer-
ings and undergraduate seminars in a variety
of areas. Students have the opportunity in
these subjects to explore areas of special inter-
est to them. Certain sophomore-level subjects
can also be studied within ESG, depending on
student and staff interest. One or two subjects
may be taken in the regular curriculum in con-
junction with work done in ESG. Staff includes
MIT faculty, instructors, graduate students,
and undergraduates who are interested in
teaching in a small and informal academic
community.
V. M. Ingram

SP 221 ESG (Experimental Study Group)

Prereq.: SP 211 and/or SP 212
U (1)
Units arranged [P/D/F]

SP 222 ESG (Experimental Study Group)

Prereq.: SP 211 and/or SP 212
U (2)
Units arranged [P/D/F]

Continuation of ESG for sophomores.
V. M. Ingram
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SP 231 ESG Undergraduate Teaching

Prereq.: SP 211 and/or SP 212
U (1)
Units arranged [P/D/F]

SP 232 ESG Undergraduate Teaching

Prereq.: SP 211 and/or SP 212
U (2)
Units arranged [P/D/F]

An opportunity to tutor students, run study
groups, and lead seminars in mathematics,
biology, physics, chemistry, and humanities
and social sciences in ESG under staff super-
vision. Permission of appropriate ESG staff
member required.
V. M. Ingram

SP 290-SP 299 ESG Special Topics

Prereq.: -
U (1, IAP, 2)
Units arranged [P/D/F]

Independent study for ESG undergraduates in-
terested in pursuing experimental projects or
research of their own choosing. Close super-
vision and regular meetings will supplement in-
dividual work. Written proposals and written
final reports are also required. Permission of
the instructor is necessary.
V. M. Ingram

Concourse Program

SP 311 Concourse Program

Prereq.: -
U (1)
Units arranged [P/D/F]

SP 312 Concourse Program

Prereq.: -
U (2)
Units arranged [P/D/F]

An integrative program for the freshman year.
Staff includes faculty from the Schools of
Science, Engineering, and Humanities and So-
cial Science. Credits in Concourse fulfill the
General Institute Requirements and are so
recorded.
R. M. Rose

SP 315 Concourse Program Undergraduate
Teaching

Prereq.: SP 311 or SP 312 and permission of
instructor
U (1)
Units arranged
Can be repeated for credit

SP 316 Concourse Program Undergraduate
Teaching
Prereq.: SP 311 or SP 312 and permission of
instructor
U (2)
Units arranged
Can be repeated for credit

Tutoring, leadership of study and review
groups, seminars and recitations in the Con-
course Program, under the supervision of
senior Concourse staff.

SP 341 Introduction to the History of
Science
(Revised Units)

Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

An introduction to how our interpretations of
natural phenomena have changed, ranging
from the time of Stonehenge to the early twen-
tieth century. Selected developments in con-
ceptualization of matter, motion and
mathematics are viewed within the wider set-
tings of the surrounding cultures. The treat-
ment of these topics is coordinated with other
offerings in the Concourse program. Special
emphasis is placed on the variety of sources
and techniques of interpretation used by his-
torians.
G. Whittemore

SP 342 Islam and Modernity
(Revised Units)

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

An introduction to Islam and Islamic culture
and society to students with little or no
knowledge of this important religion. Covers in
detail the social, cultural, political, and
philosophical issues that confront Muslim
societies, with an emphasis on Islam and the
challenge of modernity. Enrollment limited to
Concourse students.
M. Bayat

SP 343 Concourse Special Topics

Prereq.: Permission of instructor
U (1)
Units arranged [P/D/F]
Can be repeated for credit

SP 344 Concourse Special Topics

Prereq.: Permission of instructor
U (2)
Units arranged [P/DIE]
Can be repeated for credit

Open to students enrolled in Concourse who
wish to pursue topics not covered in the
regular Concourse offerings. Topics change
from year to year.
R. M. Rose

SP 345, SP 346 Concourse Special Topics
for IAP
Prereq.: Permission of instructor
U (IAP)
Units arranged [P/D/F]
Can be repeated for credit

Open to students who wish to pursue topics
over IAP not covered in the regular Concourse
offerings. Topics change from year to year.
R. M. Rose

Integrated Studies Program

SP 351 Integrated Studies Program

Prereq.: -
U (1)
Units arranged [P/D/F]

SP 352 Integrated Studies Program

Prereq.: -
U (2)
Units arranged [P/D/F]

A program for the freshman year that satisfies
the General Institute Requirements in mathe-
matics, physics, chemistry, and two HASS-
Distribution subjects on the interplay between
technologies and societies, with hands-on
workshops and linked calculus/physics sec-
tions. ISP may offer 6-unit undergraduate semi-
nars. ISP includes faculty from the School of
Humanities and Social Science, and from the
Schools of Science and Engineering.
A. Steinberg, L. Bucciarelli

SP 353 Technologies and Cultures

Prereq.: -
U (1)
3-3-6 HASS-D, Category 4

Fall term 12-unit HASS-D in Cultural and So-
cial Studies for the Integrated Studies Pro-
gram. Examines how three technologies are
practiced in different cultures. Focuses on com-
plex relationships between what people do
and the human environment in which they do
it. Hands-on workshops to experience tech-
nologies; field trips to pertinent sites.
A. Steinberg, L. Bucciarelli
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SP 354 Technologies in Historical
Perspective

Prereq.: -
U (2)
3-3-6 HASS-D, Category 5

Spring term HASS-D in Historical Studies for
the Integrated Studies Program. Examines
three technologies in the cultural and historical
frameworks in which they evolved. Issues in-
clude mass production, transnational corpora-
tions, cultural styles of design and production,
and how these technologies affect society,
family, and the individual. Hands-on
workshops and field trips integral to the subject.
A. Steinberg, L. Bucciarelli

SP 362 How Things Work: Engineering
Designs Broadly Conceived

Prereq.: -
U (1)
0-6-0
Examines the design of certain engineered
devices, products, and systems, and considers
how they might be designed to work better.
Students take apart and reassemble specific
devices such as clocks, water sprinklers, anti-
que phonographs in search of principles and
underlying form.
L. Bucciarelli

Women's Studies Program

SP 401 Introduction to Women's Studies

Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

An interdisciplinary subject that draws on litera-
ture, history, psychology, philosophy,
anthropology, and feminist theory to: 1) ex-
amine our cultural assumptions about gender,
2) trace the effects of the new scholarship on
traditional disciplines, and 3) increase aware-
ness of the history and experience of women
as half the world's population.
/. de Courtivron

SP 402 Contemporary Issues in Women's
Studies

(Subject meets with SP 403)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS
Can be repeated for credit

SP 403 Contemporary Issues in Women's
Studies

(Subject meets with SP 402)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9 H-LEVEL Grad Credit
Can be repeated for credit

Topic to be announced.
Staff

SP 404 Special Topics in Women's Studies

Prereq.: Permission of instructor
U (1, 2)
Units arranged

SP 405 Special Topics in Women's Studies

Prereq.: Permission of instructor
G (1, 2)
Units arranged

Individual supervised work for students who
wish to study topics not covered in the regular
Women's Studies offerings. Before registering
for this subject, students must plan a course of
study with some member of the Women's
Studies faculty and secure the Director's ap-
proval. HASS credit for Special Topics sub-
jects awarded only by individual petitions to
the Committee on Curricula. Normal maximum
is 6 units; to count toward HASS Requirement,
9 units are required. Exceptional 9-unit
projects occasionally approved.
Staff

SP 406 Violence Against Women in
Contemporary U.S. Society

Prereq.: -
U (1)
3-0-9 HASS

Examines violence against women within the
context of the sexual, racial, and economic
climate in the United States. Specifically con-
siders acquaintance, marital, and stranger
rape, incest and child sexual abuse, wife bat-
tering, sexual harassment, pornography, pros-
titution, medical violence. Emphasis placed on
both institutional and structural nature of
sexual violence as well as on the experience
of violence in women's lives. A variety of
theoretical approaches will be used to ex-
amine sexual violence, including sociohistori-
cal, psychological, criminological, legal, and
feminist approaches.
A. Russo

SP 407 Desire and Discourse: Introduction
to Lesbian and Gay Studies

Prereq.: -
U (1)
3-0-9 HASS-D, Category 4

An introduction to the theory and practice of
lesbian and gay studies. Focuses on issues of
contemporary interest to lesbians and gay
men; samples relevant work on those issues
from a variety of scholarly fields. Topics: the
definition of gay and lesbian identities, coming
out, bisexuality, stigmatization, race and
sexuality, social marginality and domination,
sexual identity across cultures, homophobia,
the construction of heterosexuality, lesbian
and gay marriage, lesbian separatism, the
politics of personal life, assimilation vs. libera-
tion.
D. M. Halperin, Staff

SP 411 Gender, Theory, and Politics

Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

SP 412J Gender, Theory, and Politics

(Same subject as 17.118J)
Prereq.: -
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Analyzes theories of gender and politics, espe-
cially ideologies of gender and their construc-
tion; definitions of public and private spheres;
gender issues in citizenship, the development
of the welfare state, experiences of war and
revolution, class formation, and the politics of
sexuality. Graduate students are expected to
pursue the subject in greater depth through
reading and individual research.
E. Wood

SP 421J The World of Suzy Wong and
Madame Butterfly: Race and Gender in
Asian America
(New)

(Same subject as 21H 153J)
Prereq.: -
U (1)
3-0-9 HASS

An interdisciplinary examination of the Asian-
American experience with particular emphasis
on gender and race from mid-nineteenth cen-
tury to present. Topics include the Gold Rush
and "frontier" politics, Asian in American im-
agination, international relations and changing
attitudes towards immigrant groups, popular
images in magazines and films, and cultural
productions by Asian Americans. Uses exten-
sive primary sources and audio-visual media.
Y. Hanawa

SP 423J Black Women in America, 1800 to
the Present

(Same subject as 21H 152J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

See description under subject 21 H 152J.
R. Kilson

SP 430 Feminist Literary Theory

Prereq.: -
U (2)
3-0-9 HASS

Meets with subject 21L 701 when the topic is
Feminist Literary Theory. See description
under subject 21 L 701.
R. Perry

SP 431J International Women's Voices

(Same subject as 21 F 822J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 1

See description under subject 21 F 822J.
M. Resnick
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SP 432J Sex Roles in Fiction: Europe and
Latin America

(Same subject as 21 F 828J)
Prereq.: -
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-9 HASS

See description under subject 21 F 828J.
M. Resnick

SP 433 Black Women Writers: Texts and
Critics

Prereq.: -
U (2)
3-0-9 HASS

Examines selected works of fiction by Black
women writers from the late nineteenth cen-
tury to the 1980s in light of the critical inter-
pretations of some of today's most influential
Black women scholars. Authors and critics
may include Zora Neale Hurston, Toni Mor-
rison, Alice Walker, Deborah McDowell, and
Barbara Smith, among others.
K. Rushin

SP 434J Courtship Themes in Romance
Literature

(Same subject as 21 F 826J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

See description under subject 21 F 826J.
M. Resnick, J. Murray

SP 435 Popular Narrative

Prereq.: One subject in Literature
U (1)
3-0-9 HASS
Can be repeated for credit

Meets with subject 21L 430 when the topic is
Gender, Sexuality, and Popular Culture. See
description under 21 L 430.
H. Jenkins

SP 437 Studies in Fiction

Prereq.: Two subjects in Literature
U (1)
3-0-9 HASS

Meets with subject 21 L 702 when the topic is
Women Novelists Since World War 11. See
description under 21 L 702.
L. Kampf

SP 439 Problems in Cultural Interpretation

Prereq.: Two subiects in Literature
U (1)
3-0-9 HASS
Meets with subject 21L 707 when the topic is
Gender and Ideology in Eighteenth-Century
Literature. See description under 21 L 707.
Staff

SP 452 The Politics of the Feminist
Movement

Prereq.: -
U (2)
3-0-9 HASS

Considers a variety of issues relating to
women's lives, both in the public and personal
spheres. Begins by looking at the historical
background of the current women's move-
ment, then move on to the present. Topics in-
clude equality of opportunity, career vs. home,
women's health, abortion, women in politics,
race, and sexual preference. Discussion of
some of the grass- roots organizing around
these issues: visiting activists lead some of the
discussions.
L. Kampf

SP 455J Gender and Society: A
Comparative Perspective

(Same subject as 21A 231J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 21A 231J.
Consult J. Howe.

SP 456J The Contemporary Family

(Same subject as 21A 230J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

See description under subject 21A 230J.
Consult J. Howe.

SP 460J Psychology of Gender

(Same subject as 9.75J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

See description under subject 9.75J.
S. E. Carey

SP 472J Ecological Approaches to
Environmental Problem Solving

(Same subject as 11.334J)
Prereq.: -
G (2)
2-1-7

See description under subject 11.334J.
Staff

SP 473J Gender, Social Change, and
Planning

(Same subject as 11.422J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
See description under subject 11.422J.
J. Conway

SP 474J Representations of Women in
19th-Century Culture

(Same subject as 4.644J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9 HASS

See description under subject 4.644J.
L. W. Kinney

SP 476 Modernism and Sexuality

Prereq.: Permission of instructor
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

SP 477J Modernism and Sexuality

(Same subject as 4.643J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

Topic to be announced. See description under
subject 4.643J.
L. W. Kinney

SP 480J Gender and Computing

(Same subject as STS 060J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

SP 481J Gender and Computing

(Same subject as STS 518J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6
Meets with undergraduate subjects STS 060J
and SP 480J. Graduate students are expected
to pursue the subject in greater depth through
reading and individual research. See descrip-
tion under subject STS 060J.
S. Turkle

SP 487J Gender, Culture, and Nature: Male,
Female, Technology, and Environment
(New)

(Same subject as STS 121J)
Prereq.: -
G (2)
3-0-9
Examination of gender and its place in political
and economic hierarchies, the de-skilling of
women during early and late industrialization,
the redefinition of gender in frontier society,
the changing cultural symbolism of gender
during western industrialization, and the
mobilization of Third World women to preserve
natural environments in response to western-
style development in the twentieth century.
J. Conway
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SP 488J Gender and Science

(Same subject as STS 083J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

SP 489J Gender and Science

(Same subject as STS 531J)
Prereq.: -
G (2)
3-0-9
See description under subject STS 531J.
E. Fox Keller

SP 490J Women and Health in America
(New)
(Same subject as STS 050J)
Prereq.: -
U (2)
3-0-9 HASS

Examines the relationship between women
and the health care system in the United
States from the nineteenth century to the
present. Focuses on contemporary and histori-
cal discussions of the medicalization of female
biology. Topics include the history of women in
the medical and health care professions; dis-
eases that disproportionately affect women,
such as breast cancer; women in the AIDS
epidemic; women of color in the health care
system; and the evolution of the feminist
health movement.
E. M. Hammonds

SP 496J Women and Children in the Legal
Process

(Same subject as 17.247J)
Prereq.: -
Acad Year 1993-94: U (2)
Acad Year 1994-95: Not offered
3-0-9 HASS

SP 497J Women and Children in the Legal
Process

(Same subject as 17.248J)
Prereq.: -
Acad Year 1993-94: G (2)
Acad Year 1994-95: Not offered
3-0-9

See description under subject 17.248J.
M. Bumham

SP 502 Feminist Perspectives in Research
and Practice: Interdisciplinary Practice in
the Study of Gender
(New)

Prereq.: -
G (2)
3-0-9

Focuses on the visions and methods that
feminist scholars use to study women and
gender from the perspectives of history,
literary theory, and sociology, and their interac-
tion. Study of several major feminist works,
with special attention to method. Examines
how interdisciplinary feminist methodology has
been brought to bear on a series of specific
topics such as racism, violence, and
sexualities.
Information: R. Perry.

SP 521 Boundaries of Domesticity in Early
Modern Europe
(New)

Prereq.: -
G (1)
3-0-9
Explores the relation of women in early
modern Europe (sixteenth to eighteenth cen-
tury) to the changing map of the public and the
private, examining how and by whom the map
was drawn, and to what historical develop-
ments we owe its changing boundaries. Focus
on England, France, and Holland.
Information: R. Perry.

SP 551 Gender, Sexuality, and Culture in
the United States and Latin America
(New)

Prereq.: -
G (2)
3-0-9
Explores the construction, destruction, and
resistance of sexual subjects in the US and
Latin America using a variety of sources, in-
cluding ethnography, film, testimony, narrative
fiction, and autobiography.
Information: R. Perry.

SP 575 Narratives of Gender and Kinship in
Emergent Capitalism
(New)

Prereq.: -
G (1)
3-0-9
Examines how kinship and gender identity are
transformed by industrialization, and in par-
ticular, what it means for women. Clarifies how
pre-industrial forms of gender hierarchy
change with modernization, and in the process
generates new understandings of eighteenth-
century English literature.
R. Perry

SP 588J Language, Gender, and Science
(New)

(Same subject as STS 180J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
A research seminar that integrates questions
about gender and science with other concerns
at the cutting edge of current scholarship in
the history and philosophy of science. Em-
phasizes readings in the epistemological and
historical analyses of recent feminist scholar-
ship in relation to the relevant literature on lan-
guage and science. Research papers focus on
concrete historical examples, such as case
studies in primate research, developmental
biology, and high-energy physics.
E. Fox Keller

See also: Women's section of 21W 755
(Writing and Reading Short Stories, HASS).
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STS Science, Technology, and
Society

For degree requirements, see listing in
Chapter VII under the School of
Humanities and Social Science.

General Undergraduate
Subjects

History of Science and
Technology

STS 001 Technology in American History

Prereq.: -
U (2)
3-0-9 HASS-D, Category 5

A survey of America's transition from a rural,
agrarian, and artisan society to one of the
world's leading industrial powers. Treats the
emergence of industrial capitalism: the rise of
the factory system, new forms of power,
transport, and communication, the advent of
the large industrial corporation, the social rela-
tions of production, and the hallmarks of
science-based industry. Views technology as
part of the larger culture and reveals innova-
tion as a process consisting of a range of pos-
sibilities that are chosen or rejected according
to social criteria of the time.
D. Fitzgerald

STS 002 Toward the Scientific Revolution

Prereq.: -
U (1)
3-0-9 HASS-D, Category 5

The emergence of Western science: the sys-
tematization of natural knowledge in the an-
cient world, the transmission of the classical
legacy to the Latin West, and the revolt from
classical thought during the scientific revolu-
tion. Examines scientific concepts in light of
their cultural and historical contexts.
L. E. Kay

STS 003 The Rise of Modern Science

Prereq.: -
U (2)
3-0-9 HASS-D, Category 5

The development of major fields in the physi-
cal and life sciences, beginning with
eighteenth-century Europe and ending with
twentieth-century America. Examines ideas, in-
stitutions, and the social settings of the scien-
ces, with emphasis on how cultural contexts
influence scientific concepts and practices.
L. E. Kay

STS 009 Military Enterprise and
Technological Change

Prereq.: -
U (1)
3-0-9 HASS

A history of the role of the military in promoting
and developing new technologies (from
medieval times to the present). Examines the
design, deployment, and diffusion of new tech-
nologies; the behavioral/social problems that
occurred with their introduction; and their in-
fluence on colonialism, industrialization, and
warfare in the modern world.
L. Trilling

Social Study of Science and
Technology

STS 011 American Science: Ethical
Conflicts and Political Choices

Prereq.: -
U (1)
3-0-9 HASS-D, Category 2

Explores the changing roles, ethical conflicts,
and public perceptions of science and scien-
tists in American society from World War I to
the 1990s. Studies specific historical episodes,
focusing on options, constraints, and incen-
tives influencing responses of scientists to ethi-
cal conflicts. Examines political controversies
over the support, goals, methods, and effects
of research and its applications. Topics include
the atomic bomb project, space race, environ-
mental movements, whistleblowing, biomedi-
cal research, genetic engineering, and
disputes about scientific fraud and misconduct.
C. Weiner

STS 012J Engineers, Scientists, and Public
Controversies

(Same subject as 2.93J)
Prereq.: -
U (1)
3-0-9 HASS

Investigates the nature of controversies sur-
rounding the applications of science and tech-
nology, the roles technical specialists play in
their resolution, and patterns of public participa-
tion. Students analyze the technical, social,
political, and ethical context of public controver-
sies through case studies documented by ar-
chival videotapes, readings, and testimony of
guests. Cases include past and current local,
national, and international environmental con-
troversies, nuclear energy and waste, com-
munity perceptions of risk, and the relations
among experts, regulators, lawyers, and
citizens.
C. Weiner

STS 015 The Psychology of Technology

Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Examines the ways technology changes how
people think and surveys psychological
theories that illuminate how artifacts affect the
development of personality, cognition, and in-
terpersonal relationships. Examines how cur-
rent technology influences psychology theory
building. Special topics include technology and
child development, psychological models in ar-
tificial intelligence, and the psychology of
design.
K. Keniston

STS 019 The Profession of Engineering

Prereq.: -
U (2)
3-0-9 HASS

Practice and dilemmas of the engineering
profession. Analyzes the role of engineers in
the conception, design, manufacture, and
marketing of a sophisticated consumer
product. Studies the history of some major in-
dustries (e.g., automobile, communications,
biomedical, aerospace) in twentieth-century
US. Examines political, economic, social, and
ethical implications. May also be taken as an
undergraduate seminar (three short papers).
L. Trilling
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STS 020J Technological Development,
Business, and Political Change in the
Middle East
(Same subject as 17.559J, 1.25J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-9
May not count toward HASS Requirement.
See description under subject 17.559J.
N. Choucri, F Moavenzadeh, W. Porter,
L. Trilling

Advanced Undergraduate
Subjects

History of Science and
Technology

STS 021 Russian Science and Society

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

An introduction to the history of Russian and
Soviet science. Topics: introduction of Western
science to Russia, reception of Darwinism, in-
fluence of Marxism on Soviet scientific develop-
ment, social and political context of Russian
science, and organizational and policy ques-
tions. Required readings in English; sup-
plementary readings in Russian also available.
L. R. Graham

STS 025J Seminar in the Historical and
Political Evolution of Russia

(Same subject as 21H 468J, 17.609J)
Prereq.: Permission of instructor
Acad Year 1993-94: U (1)
Acad Year 1994-95: Not offered
3-0-6 HASS

See description under subject 21 H 468J.
L. R. Graham

STS 027 History of Invention in America

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

Investigates how inventions come about and
how they reshape American culture. Explores
intellectual and social nature of inventive ac-
tivity, the role of the market economy in the
success or failure of inventions, the problem of
inventing something no one wants, and the so-
cial meanings invented objects take on as they
are adopted. Inventions examined include
bicycles, electric light and power, kitchen ap-
pliances, cameras, computers, telephones,
typewriters, industrial machinery, and guided
missiles.
D. Fitzgerald

STS 029J The Civil War and Reconstruction

(Same subject as 21 H 11 6J)
Prereq.: -
U (2)
3-0-6 HASS

See description under subject 21 H 11 6J.
M. R. Smith

STS 031 The History of Epidemic Diseases:
From Plague to AIDS
(New)

Prereq.: -
U (1)
3-0-9 HASS

Examines the history of epidemic disease from
the fourteenth century to the present. Topics in-
clude a survey of political, social, sanitary,
medical, and literary responses to disease on
the European continent and in the United
States. A particular focus is the impact of
epidemic disease on the health and social
status of racial and ethnic groups in the United
States.
E M. Hammonds

STS 040 Material Culture and Social
Change in Medieval Europe
(New)
(Subject meets with STS 140)
Prereq.: -
U (1)
3-0-9 HASS
Surveys material culture in the European Mid-
dle Ages, from about 300 to 1500 AD, with em-
phasis on the technologies that were invented,
adopted, or adapted in the period. Examines
the medieval spheres of agriculture, manufac-
turing, construction, communication, and war-
fare, as well as the contrast between rural and
urban settings. Explores themes such as the
need for, cultural base for, and impact of the
technologies. Meets with graduate subject
STS 140, but assignments differ.
B. Price

STS 045 History of Developmental Biology
(New)

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

In the latter part of the nineteenth century,
studies of inheritance and development were
viewed as a single subject. That changed in
the early part of the twentieth century, with the
emergence of genetics as a separate dis-
cipline. Subject reviews the histories of
genetics and developmental biology (or
embryology) from the time of their initial diver-
gence to their recent dramatic reconvergence.
Focuses on questions of language, politics,
and technical and intellectual resources in the
intervening years. Readings include both his-
torical and contemporary works. An advanced
undergraduate seminar.
E. Fox Keller

STS 050J Women and Health in America
(New)

(Same subject as SP 490J)
Prereq.: -
U (2)
3-0-9 HASS

Examines the relationship between women
and the health care system in the United
States from the nineteenth century to the
present. Focuses on contemporary and histori-
cal discussions of the medicalization of female
biology. Topics include the history of women in
the medical and health care professions; dis-
eases that disproportionately affect women,
such as breast cancer; women in the AIDS
epidemic; women of color in the health care
system; and the evolution of the feminist
health movement.
E. M. Hammonds

Social Study of Science and
Technology

STS 054 Biotechnology and Society

(Subject meets with STS 510)
Prereq.: -
U (2)
3-0-9 HASS

Meets with graduate subject STS 510, but as-
signments differ. See description under subject
STS 510.
C. Weiner, L. E. Kay

STS 059 Introduction to Cultural Criticism
(Revised Content)

(Subject meets with STS 507J, 21A 671J)
Prereq.: Permission of instructor
U (2)
2-0-7 HASS

Meets with graduate subject STS 507J, but as-
signments differ. See description under
STS 507J.
H. Gusterson, M. Fischer

STS 060J Gender and Computing

(Same subject as SP 480J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-6 HASS

Examines psychological, sociological, and his-
torical literature that illuminates the role of
gender in dealing with technological objects,
especially computational objects. Special atten-
tion to factors that may limit or inhibit women's
participation in the nascent computer cultures.
Topics discussed include math-phobia and
machine-phobia and the psychology of com-
puter programming.
S. Turkle
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STS 061J Real-World Ethics

(Same subject as 2.95J, 16.655J, TPP 09J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
5-0-7 HASS

See description under subject 2.95J.
C. Whitbeck, N. Kiang, L. Trilling, /. Paul

STS 075J Technology and Culture

(Same subject as 21A 340J)
Prereq.: -
U (2)
3-0-9 HASS

See description under subject 21A 340J.
H. Gusterson

STS 076J Technology and Policy of
Weapons Systems

(Same subject as 17.477J)
Prereq.: -
U (2)
3-0-9 HASS

Examines in detail the technology of nuclear
weapons systems. Topics include nuclear
weapons design, effects, targeting, and
delivery; ballistic and air breathing missile
propulsion and guidance; communications and
early warning techniques and systems; and
anti-missile, air, and submarine systems. Com-
bines the discussion of technical materials with
the national security policy issues raised by
the capabilities of these technologies. Con-
siders security issues from the distinct and
often conflicting perspectives of technologists,
military planners, and political leaders.
T. Postol

STS 077J Surveillance and Society

(Same subject as 11.009J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
3-0-9 HASS

See description under subject 11.009J.
G. T. Marx

STS 079J Technology, Politics, and
Weapons Choice

(Same subject as 17.479J)
Prereq.: -
U (2)
3-0-9 HASS

See description under subject 17.479J.
T. Postol

STS 080 The Work of Scientists and
Engineers

Prereq.: -
U (1)
3-0-6 HASS

Examines how scientists and engineers work
in the laboratory and within the firm. Students
reflect and draw upon their own experiences in
a laboratory course, a UROP project, or a sum-
mer job in order to test and interpret the as-
signed readings. Books and other readings are
drawn from the history and social study of
science and technology and range from
Kuhn's The Structure of Scientific Revolutions
to Pirsig's Zen and the Art of Motorcycle Main-
tenance.
L. L. Bucciarelli

STS 082J Science, Technology, and
American Government
(Revised Content)

(Same subject as 17.301J)
Prereq.: -
U (1)
3-0-9 HASS

See description under subject 17.301J.
E. B. Skolnikoff

STS 083J Gender and Science

(Same subject as SP 488J)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

An examination of the roles that gender norms
have historically played in the construction of
scientific norms and practices with particular at-
tention to the role of gender ideology in twen-
tieth-century science.
E. Fox Keller

STS 084J Public Policy and Climate
Change

(Same subject as 17.331J)
Prereq.: Permission of instructor
U (2)
3-0-9 HASS

See description under subject 17.331J.
E. B. Skolnikoff

STS 090J Film as Ethnography and as
Cultural Critique
(New)

(Same subject as 21A 342J, STS 560)
Prereq.: -
U (1)
3-0-9 HASS

How film has mediated the cultures of the
twentieth century, as both ethnographic tool
and ethnographic object. Inquiry into the cul-
tural codes that different film traditions employ;
the ways in which films can serve as sites for
cultural contestation; the rhetorical structuring
of cinewriting; and the reception of filmic
works. Meets with graduate subject STS 560.
Graduate students are expected to pursue the
subject in greater depth through reading and
individual research.
M. Fischer

SpeCial Topics

STS 091 Reading Seminar in Humanities,
Science, and Technology I

Prereq.: One STS HASS-D subject or permis-
sion of instructor
U (1)
2-0-7 HASS

STS 092 Reading Seminar in Humanities,
Science, and Technology II
Prereq.: One STS HASS-D subject or permis-
sion of instructor
U (2)
2-0-7 HASS

Reading and discussion of major primary and
secondary works that illustrate or examine the
interactions of science, technology, and
society.
Consult L. Trilling.

STS UR Undergraduate Research
(New)

Prereq.:-
U (1, 2)
Units arranged [P/D/F
Can be repeated for credit

STS URG Undergraduate Research

(STS 094)
Prereq.: -
U (1, 2)
Units arranged
Can be repeated for credit

Undergraduate research opportunities in the
STS Program. For further information, consult
the Academic Officer, L. Trilling.

STS 095 Special Topics in Science,
Technology, and Society

Prereq.: -
U (1, IAP, 2)
Units arranged

For students who wish to pursue special
studies or projects with a member of the Pro-
gram in Science, Technology, and Society.
Consult L. Trilling.
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Graduate Subjects

History of Science and
Technology

STS 101 Proseminar: History of Science
and Technology

Prereq.: -
G (1)
3-0-9
Intensive reading and analysis of key works in
the history and historiography of science and
technology. Aims at exploring similarities and
differences between the two fields and at intro-
ducing students to basic interpretive issues,
bibliographic sources, and professional stand-
ards. Topics change from year to year.
L. R. Graham, M. R. Smith

STS 102J Proseminar: Theories and
Methods in the Study of History

(Same subject as 21 H 991J)
Prereq.: Permission of instructor
G (2)
3-0-9
See description under subject 21H 991J.
P. C. Perdue

STS 103J Russian Science and Society

(Same subject as 17.614J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9

See description under STS 021.
L. R. Graham

STS 104 Technology and Work in American
History
(Revised Content)

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
2-0-10
Focuses on the relationship between emer-
gent technologies and work/labor in late
nineteenth- and twentieth-century America.
Considers both industrial and non-industrial
work and its replacement by machines; the ex-
tent to which human work is amenable to
mechanization; the difference between mental
and manual labor and their amenability to
mechanization; the effect of mechanization on
industrial managers and laborers, house-
holders, farmers, office workers, white-collar
workers, and others.
D. Fitzgerald

STS 105 Seminar in the History of
Technology

Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9
Critical texts and interpretations of the role of
technology in history and culture. Explores
changing themes and methods in the history of
technology, including internalism, material cul-
ture, philosophy, business history, and con-
structionism. Examines the development of the
dominant approaches as well as recent intellec-
tual innovations.
D. Fitzgerald

STS 106J Seminar in the Historical and
Political Evolution of Russia

(Same subject as 17.61 OJ)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9
See description under subject 17.610J.
L. R. Graham

STS 112 Constructing Reality: Methods and
Sources in Contemporary History

Prereq.: -
G (2)
3-0-9

Opportunities and problems in doing research
in contemporary history. Emphasis on source
materials and research methods, including ar-
chival, oral history, and film/video resources,
and participant/observation techniques. Ex-
amples from studies on the social and political
history of science and technology in the
American context during the past fifty years, as
well as work-in-progress and students' re-
search projects.
C. Weiner

STS 114J The Culture and Society of Early
Industrial America

(Same subject as 21H 951J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
A critical examination of recent historical litera-
ture and primary documents on republicanism
and society in the United States from the late
eighteenth to the mid-nineteenth century.
Topics include the ideology and impact of the
American Revolution; technological change;
economic development and industrialization;
changes in private and community life; con-
tinuities and differences with other industrial or
industrializing societies, especially Great
Britain. Seeks to develop reading and research
skills.
M. R. Smith, P. Maier

STS 115J The Culture of Capitalism

(Same subject as 21 H 967J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
See description under subject 21H 967J.
B. Mazlish

STS 118J Reading Seminar in American
History, 1877 to the Present

(Same subject as 21 H 952J)
Prereq.: -
G (1)
3-0-9
See description under subject 21H 952J.
C. Appy

STS 119 The Transformation of Biology in
the Twentieth Century

Prereq.: -
G (2)
3-0-9
Examines key historical developments which
have shaped our conception of life in this cen-
tury. Focuses primarily on the history of
molecular biology circa 1930-1970, analyzing
the links between discursive and non-discur-
sive practices, and in turn, their relations to the
broader nexus of knowledge, ideology, and
power.
L. E. Kay

STS 120J Marx, Darwin, and Freud

(Same subject as 21 H 966J)
Prereq: -
G (1)
3-0-9
See description under subject 21H 966J.
B. Mazlish

STS 121J Gender, Culture, and Nature:
Male, Female, Technology, and
Environment

(Same subject as SP 487J)
Prereq.: -
G (2)
3-0-9
Examination of gender and its place in political
and economic hierarchies, the de-skilling of
women during early and late industrialization,
the redefinition of gender in frontier society,
the changing cultural symbolism of gender
during western industrialization, and the
mobilization of Third World women to preserve
natural environments in response to western-
style development in the twentieth century.
J. Conway
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STS 122 The History of Medicine in the
United States
(New)

Prereq.: -
G (2)
3-0-9
Examines the development of American
medicine from the colonial period to the
present. Topics include medical education,
medical practice and ideology with respect to
race and gender, the rise of the modern hospi-
tal, science in medicine, the origins of the
AMA, the establishment of the NIH, and the
relationship between medicine, health care,
and public health. Involves critical evaluation
of historiographic methods in the field.
E. M. Hammonds

STS 140 Material Culture and Social
Change in Medieval Europe
(New)

(Subject meets with STS 040)
Prereq.: -
G (1)
3-0-9
Surveys material culture in the European Mid-
dle Ages, from about 300 to 1500 A.D., with
emphasis on the technologies that were in-
vented, adopted, or adapted in the period. Ex-
amines the medieval spheres of agriculture,
manufacturing, construction, communication,
and warfare, as well as the contrast between
rural and urban settings. Explores themes
such as the need for, cultural base for, and im-
pact of the technologies. Meets with under-
graduate subject STS 040. Graduate students
are expected to pursue the subject in greater
depth through reading and individual research.
B. Price

STS 150 Aspects of 19th-Century Physics
(New)

Prereq.: -
G (1)
3-0-9
Examines technical and contextual aspects of
selected developments in nineteenth-century
physics. Focuses on the relationship between
experimental skills and tacit and overt theoreti-
cal structures. Areas investigated include: the
contagious spread of wave methods; the ef-
fects of energy-based conceptual and
laboratory tools; group differences that orbit
about electromagnetic skills and conceptions;
and the nature and function of mathematical
technique in practical work. Student interest
and background influence the areas to be ex-
plored.
J. Z. Buchwald

STS 160 Computers and Organisms
(New)

Prereq.: -
G (1)
3-0-9
What, if anything, is the difference between an
organism and a computer? Subject examines
the growing convergence between computer
science and molecular biology, investigates
the role of metaphors of information in this con-
vergence, and locates the contemporary dis-
cussion in its historical context. Open to
advanced undergraduates as STS 095, Spe-
cial Topics, with permission of instructors.
E. Fox Keller, E. M. Hammonds

STS 170 The Organization of Knowledge in
American Science and Technology
(New)

Prereq.: -
G (2)
3-0-9
The historical emergence of social and natural
scientific disciplines within the context of institu-
tional forms. Considers the social and ideologi-
cal structures designed to support, encourage,
and challenge scientific and technological in-
novations and ideas, including the govern-
ment; the military; philanthropic organizations,
professional societies and trade groups; educa-
tional institutions; public interest groups; and
research organizations. Examines the relation-
ship between intellectual and institutional life in
America since the late nineteenth century.
D. Fitzgerald, C. Weiner

STS 180J Language, Gender, and Science
(New)

(Same subject as SP 588J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-9
A research seminar that integrates questions
about gender and science with other concerns
at the cutting edge of current scholarship in
the history and philosophy of science. Em-
phasizes readings in the epistemological and
historical analyses of recent feminist scholar-
ship in relation to the relevant literature on lan-
guage and science. Research papers focus on
concrete historical examples, such as case
studies in primate research, developmental
biology, and high-energy physics.
E. Fox Keller

Social Study of Science and
Technology

STS 501 Proseminar: Social Study of
Science and Technology

Prereq.: -
G (1)
3-0-9

Intensive reading and analysis of key works in
the theory and methods of the social study of
science and technology. Aims at under-
standing the different questions and methods
social scientists have posed and used in ex-
ploring how social context and norms influence
the work of scientists and engineers. The
relationship of the methods used to the ques-
tions raised is studied. Implications for the
practice of science and engineering as well as
for further scholarly study of that practice are
explored.
H. Gusterson

STS 502J Proseminar: Theory and Method
in the Study of Social Institutions

(Same subject as 21A 670J)
Prereq.: -
G (2)
3-0-9
See description under subject 21A 670J.
J. Howe

STS 507J Introduction to Cultural Criticism
(Revised Content)

(Same subject as 21A 671J, STS 059)
Prereq.: Permission of instructor
G (2)
2-0-7
Examines prominent contemporary ap-
proaches to cultural criticism, especially
(though not exclusively) those relating to the in-
tersection of contemporary culture with
science and technology. Readings are by
anthropologists, historians, cultural critics, and
journalists. Students sample a broad variety of
approaches to cultural critique informed by, for
example, Marxist, feminist, post-structuralist,
and psychoanalytic perspectives. Meets with
undergraduate subject STS 059, but assign-
ments differ.
H. Gusterson, M. Fischer

STS 509J Politics, Technology, and
Public Policy in the Middle East

(Same subject as 17.558J, 1.255J, 11.488J,
21H 977J)
Prereq.: -
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.558J.
N. Choucri, P. S. Khoury, F. Moavenzadeh,
L. Trilling
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STS 510 Biotechnology and Society

(Subject meets with STS 054)
Prereq.: -
G (2)
3-0-9
Examines biotechnology and genetic engineer-
ing in social, political, and ethical contexts.
Connects historical background with contem-
porary issues, relating medical, military, and in-
dustrial applications to university education
and research, funding of science, academic-in-
dustrial links, and regulatory and patent
policies. Explores roles and responsibilities of
scientists, ethical conflicts, and public expecta-
tions and perceptions. Evaluates professional,
institutional, and public policy alternatives.
Open to advanced undergraduates. Meets
with undergraduate subject STS 054, but as-
signments differ.
C. Weiner, L. E. Kay

STS 515 Epidemics and Cities

Prereq.: -
G (1)
3-0-9
Treats historical and contemporary issues sur-
rounding epidemics in urban communities. At-
tention given to several major epidemics
throughout history, including: the bubonic
plague, cholera, and syphilis. Historical
analysis will serve as a perspective, examining
how effectively, efficiently, and humanely three
American cities - San Francisco, New York,
and Philadelphia - are confronting the AIDS
epidemic.
K. Manning

STS 516J Analysis of Strategic Nuclear
Forces

(Same subject as 17.476J)
Prereq.: -
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.476J.
T. Postol

STS 517J Technology Policy and
Technological Society

(Same subject as TPP 08J)
Prereq.: -
G (2)
Units arranged

Attempts to bridge the gap between the study
of technology policy and the critical study of
technological society. Readings explore some
of the underlying assumptions, unrecognized
limitations, and unintended consequences of
uses of technology. Through its wide scope
and critical approach, the seminar aims at ex-
amining how the technical aspects of technol-
ogy policy formulation are related to some of
the more far-reaching critiques of technological
societies.
J. Ehrenfeld, K. Keniston

STS 518J Gender and Computing

(Same subject as SP 481J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-6
See description under subject SP 481J.
S. Turkle

STS 519J Technology, Politics, and
Weapons Choice

(Same subject as 17.480J)
Prereq.: -
G (2)
3-0-9
Analyzes decisions to develop or acquire new
weapons systems that had, or could have had,
a major influence on the arms race. Examines
the interplay of political and technical factors in
the decision-making process. Representative
weapons systems include the hydrogen bomb,
the nuclear-powered submarine, tactical
nuclear weapons, the Polaris submarine-
launched ballistic missile, the B-1 bomber,
MIRVs, the Moscow anti-ballistic defense, the
US Safeguard/Sentinel missile defense, and
others. Meets with undergraduate subjects
STS 079J and 17.479J. Graduate students are
expected to pursue the subject in greater
depth through reading and individual research.
T. Postol

STS 524J Science, Technology, and
Public Policy

(Same subject as 17.302J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.302J.
E. B. Skolnikoff

STS 525J Science and Technology in
International Affairs

(Same subject as 17.328J)
Prereq.: 17.302 or permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.328J.
E. B. Skolnikoff

STS 526J Public Policy and Climate
Change

(Same subject as 17.332J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.332J.
E. B. Skolnikoff

STS 528J Evolving Conceptions of
Systems and Self

(Same subject as MAS 714J)
Prereq.: -
G (2)
2-0-7

Examines how recent computational move-
ments (such as Artificial Life, Connectionism,
and Virtual Reality) both reflect and contribute
to broader intellectual movements that are
changing the way people think about mind,
self, nature, and society. Issues include: trends
toward decentralized thinking and notions of
emergent phenomena, changing conceptions
of "real" and "artificial," the growing role of
biological metaphors, and popular receptions
of new computational ideas.
M. Resnick

STS 529 Representations of Nature in
America

Prereq.:
G (1)
3-0-9
The conceptual origins of three distinct cur-
rents of contemporary environmentalism:
progressive, pastoral, and primitivist. Among
the writers to be considered are J. J. Rous-
seau, T. Jefferson, B. Franklin, M. Weber,
H. Thoreau, J. Muir, A. Leopold, R. Carson,
and D. Delillo.
L. Marx

STS 530 Modern and Post-Modern
Metaphors of Nature

Prereq.: -
G (2)
3-0-9
A study of the root metaphors - organic and
mechanistic - used to depict relationships be-
tween humanity and the biophysical environ-
ment before and after World War II. Among
the historical tendencies and systems of
thought to be considered are: Darwinism,
Western colonialism, feminism, Taylorism, eco-
fascism, the Gaia hypothesis, and artificial in-
telligence.
L. Marx

STS 531J Gender and Science

(Same subject as SP 489J)
Prereq.: -
G (2)
3-0-9
An examination of the roles that gender norms
have historically played in the construction of
scientific norms and practices in relation to the
historical and cultural specificity of both gender
and science. Focuses specifically on the role
of gender in twentieth-century science. Meets
with STS 083J and SP 488J. Graduate stu-
dents are expected to pursue the subject in
greater depth through reading and individual
research.
E. Fox Keller
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STS 550 Rethinking Culture and Social
Theory
(New)

Prereq.: -
G (2)
3-0-9
A historical contextualizing of major social and
cultural theories from the first (mid-nineteenth
century) to the third (late twentieth century) in-
dustrial revolutions, and from the Utilitarians
and Marx to the poststructuralists.
M. Fischer

STS 560 Film as Ethnography and as
Cultural Critique
(New)

(Subject meets with STS 090J, 21A 342J)
Prereq.: -
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9
How film has mediated the cultures of the
twentieth century, as both ethnographic tool
and ethnographic object. Inquiry into the cul-
tural codes that different film traditions employ;
the ways in which films can serve as sites for
cultural contestation; the rhetorical structuring
of cinewriting; and the reception of filmic
works. Meets with undergraduate subject
STS 090J. Graduate students are expected to
pursue the subject in greater depth through
reading and individual research.
M. Fischer

Research

STS 901-910 Advanced Topics in Science,
Technology, and Society

Prereq.: -
G (1, 2)
Units arranged
Can be repeated for credit

For students who wish to pursue special
studies or projects at an advanced level with a
member of the Program in Science, Technol-
ogy, and Society.
Consult K. Keniston.

STS 950 Research Designs, Strategies, and
Methods I

Prereq.: Permission of instructor
G (1)
2-0-10 H-LEVEL Grad Credit

STS 951 Research Designs, Strategies, and
Methods 11

Prereq.: STS 950
G (2)
1-0-2 H-LEVEL Grad Credit

The design and execution of research in the
history and social study of science and technol-
ogy. Readings of exemplary research studies
in both the social scientific and historical litera-
ture. Discussions emphasize relating specific
studies to more general or theoretical perspec-
tives, choice of methods appropriate to the
questions being asked, and logic of explana-
tion and interpretation. Students complete first
draft of an original research paper by the end
of the first semester; second semester, semi-
nar meets monthly to review subsequent
drafts, with completed research papers due at
the end of the second term.
K. Keniston

STS 960 Ethnographic Research Seminar
(New)

Prereq.: -
G (1)
3-0-9

How to formulate research agendas and
projects about scientists, engineers, and stu-
dents in these fields, especially those who flow
through MIT. Attention to both different models
of knowledge and to genres of narration (e.g.,
interview/entretien, autobiography, biography,
community study, and lab study).
M. Fischer

STS ThG Graduate Thesis

Prereq.: -
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research, leading to the
writing of a Ph.D. thesis; to be arranged by the
student with an appropriate MIT faculty mem-
ber, who is the thesis supervisor.
K. Keniston
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Computer Models of Physical and
Engineering Systems

(Offered under: 1.12, 2.101, 3.05, 10.11,
13.51, 16.651, 22.006)
Prereq.: 18.03 or 18.034, 1.00
U (2)
3-0-9
Reduction of physical and engineering sys-
tems to idealized computer models; selection
of numerical algorithms to explore model be-
havior using Matlab C. Linear and nonlinear
equations, curve fitting, integration, finite dif-
ferences, finite elements, initial-value
problems. Emphasis on graphics, CAD, and in-
teractive analysis. Includes a three-week
group design project involving the design and
implementation of a simulation system. Work-
ing knowledge of C expected.
J. R. Williams

The Nuclear Age

(Offered under: 6.934, 13.91, 16.654, 17.465)
Prereq.: -
U (2)
3-0-9 HASS-D, Category 4

Based substantially on the thirteen-part public
television series War and Peace in the Nuclear
Age. Includes the history and technology of
nuclear weapons, including the discovery of fis-
sion; the development of fission and fusion
weapons; nuclear testing and efforts to control
the technology; problems in the proliferation of
weapons; advanced nuclear weapons tech-
nologies; changing perceptions about the role
of nuclear weapons in world affairs.
J. P. Ruina, G. W. Rathjens

Inventions and Patents

(Offered under: 3.172, 6.901, 16.652, 22.084)
Prereq.: 14.02
U (1)
3-0-6
History of private and public rights in scientific
discoveries and applied engineering, leading
to the development of worldwide patent sys-
tems. The classes of invention protectable
under the patent laws of the US, including the
procedures in protecting inventions in the
Patent Office and the courts. Reviews of past
cases involving inventions and patents in a)
the chemical process industry and medical
field; b) devices in the mechanical, ocean ex-
ploration, civil, and/or aeronautical fields; c)
the electrical and electronic areas, including
key radio, solid-state, and computer inventions.
R. H. Rines

Management in Engineering

(Offered under: 2.96, 6.930, 10.806, 13.52,
16.653, 22.002)
Prereq.: -
U (1)
3-0-9
Introduction of engineering management in
variety of settings: 1) role of engineering and
its relationship to other functions, 2)
managerial tools and concepts used in en-
gineering organizations, 3) practice in handling
short- and long-term problems, 4) career
strategy and development. Topics: financial
principles, management of innovation, en-
gineering project planning and control, human
factors, career planning, patents, and technical
strategy. Case method of instruction em-
phasizes participation in class discussion.
Juniors, seniors, or graduate students.
D. P. Hoult, H. S. Marcus

Probabilistic Models in Engineering

(Offered under: 1.06, 6.939, 13.672, 16.71)
Prereq.: 1.03 or 6.041 or 18.05
U (2)
3-0-9
Probabilistic analysis and modeling for en-
gineers emphasizing practical applications. In-
troductory stochastic processes and queueing
theory, reliability of serial and parallel systems,
maintenance strategies, fault-tree analysis,
Monte Carlo simulation, statistical quality con-
trol. Examples from diverse fields of engineer-
ing. Computer-aided and/or field lab work.
A. R. Odoni, R. C. Larson

Engineering Risk-Benefit Analysis

(Offered under: 1.155, 2.943, 3.577, 6.938,
10.816, 13.621, 16.794, 22.82)
Prereq.: 18.02
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
3-0-6 H-LEVEL Grad Credit

Risk assessment, decision and cost-benefit
analysis, and fault-tree methods for describing
and making decisions about societal risks
(nuclear reactors, dams, carcinogens,
transport and disposal of hazardous materials)
associated with large engineering projects.
Balancing risks and benefits in situations in-
volving human safety, environmental risks, and
financial uncertainties. Presentations of major
risk assessments and the public decision
processes associated with them.
A. W. Drake, A. R. Odoni

Engineering Systems Analysis

(Offered under: 1.146, 2.192, 3.56, 13.62,
16.784, 22.821, TPP 21)
Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Dynamic Strategic Planning as the synthesis
of analytic procedures for identifying optimal
large-scale systems designs in a risky, open
environment. Review of economic framework
for analysis. Application of mathematical op-
timization to engineering problems. Evaluation
procedures for single and multi-attributed
problems covering decision analysis in addi-
tion to discounted cash flow calculations. The
subject culminates in a major practical exer-
cise in dynamic strategic planning.
R. de Neufville, J. P. Clark, F. Field

Entrepreneurship

(Offered under: 2.942, 3.566, 6.936, 10.801,
13.78, 16.951, 22.86)
Prereq.: -
G (2)
4-0-5

Introduction to various issues faced by techni-
cal innovators/entrepreneurs. Topics include
concept evaluation, patents and licensing,
financing, marketing, business planning, ac-
counting, and team building. Case studies are
used. Term project required in which student
ideas are developed into business plans.
Open to undergraduates by permission of in-
structor.
D. P. Hoult

Application of Technology

(Offered under: 1.149, 2.63, 5.00, 10.579,
TPP 02)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Addresses the problems of applying technol-
ogy in our society. Case studies in energy and
the environment, e.g. photovoltaics, nuclear
power, global warming, explored from the tech-
nical, economic, political, and social point of
view. Analytic techniques for assessing the
costs and benefits of alternative actions intro-
duced. Intended for advanced undergraduate
students who seek an introduction to technol-
ogy policy issues and the tools needed for
their analysis.
J. Deutch

272D School of Engineering

Engineering School-Wide
Electives

For further information, see listing in
Chapter VII under the School of
Engineering.
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Toxicology

For degree requirements, see listing in
Chapter VII under the Whitaker College.

Undergraduate Subjects

TOX UR Undergraduate Research
Opportunities

Prereq.: -
U (1, 2)
Units arranged [P/D/F]
Can be repeated for credit

Laboratory research conducted by under-
graduates in the field of toxicology. May be ex-
tended over multiple terms.
H. Zarb, Staff

TOX 101 Special Projects in Undergraduate
Research

Prereq.: -
U (1)
Units arranged
Can be repeated for credit

TOX 102 Special Projects in Undergraduate
Research

Prereq.: -
U (2)
Units arranged
Can be repeated for credit

Emphasizes direct and active involvement of
undergraduates in laboratory research in
toxicology. May be extended over multiple
terms. Letter grade credit.
H. Zarbl, Staff

TOX 104J Chemicals in the Environment:
Toxicology

(Same subject as 1.81J, TPP 53J)
Prereq.: 5.11
U (2)
3-0-6
Chemical and biological concepts necessary to
relate environmental chemical or radiation ex-
posure to human disease. Food-, air-, and
water-borne chemicals. Exposure, uptake and
distribution, metabolism, reactions with cellular
macromolecules, enzymatic repair, and cel-
lular or genetic consequences. Genotoxic and
neurotoxic effects. Development of technology
for direct studies in human populations.
W. G. Thilly, T. C. de Rojas-Walker

TOX 105J Biotechnology and Engineering

(Same subject as 5.22J, 10.02J)
Prereq.: -
U (2)
3-0-6
See description under subject 5.22J.
J. M. Essigmann, R. S. Langer

Graduate Subjects

TOX 210 Experimental Toxicology

Prereq.: Open only to Toxicology students
G (IAP, S)
0-6-0 [P/D/F] H-LEVEL Grad Credit

Examples of research methods: concepts and
practice of growing and measuring genetic
change in human cells; physical, chemical,
and enzymatic analysis of modifications in
DNA. Lab exercises are supplemented with lec-
tures on the theoretical aspects of techniques
employed.
W. G. Thilly

TOX 211 General Toxicology

Prereq.: 5.07 or 7.05
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (2)
4-0-8 H-LEVEL Grad Credit

General principles concerning toxicology of
chemicals, with emphasis on mechanisms un-
derlying toxicity at tissue, cell, and molecular
levels. Detection and quantitation of
pathophysiologic effects, including acute and
chronic toxicity; genetic effects; teratogenicity,
mutagenicity, and carcinogenicity. Extrapola-
tion of experimental data in assessing human
health risk and use of molecular epidemiology
in identification of hazards in human popula-
tions. Illustrative examples drawn from sub-
stances of broad concern as human health
hazards.
G. N. Wogan, S. R. Tannenbaurn, L. C. Green

TOX 213 Genetic Toxicology
(Revised Units)

Prereq.: 5.07 or 7.05; 7.03; 18.02
G (1)
4-0-8 H-LEVEL Grad Credit

Examination of molecular mechanisms by
which mutations are induced spontaneously,
by chemicals, and by radiation. Modeling of
events leading to induction of genetic change.
Role of DNA replication, DNA repair, recom-
bination, and other aspects of cell physiology
in determining the probability that specific
chemical lesions cause alterations in gene
structure ana chromosomal integrity.
W. G. Thilly, J. M. Essigmann

TOX 214 Human Pathophysiology
(Revised Content)

Prereq.: 7.05, 7.20 or equivalent
G (2)
3-0-9 H-LEVEL Grad Credit

Mechanisms underlying selected human dis-
eases are examined, with particular emphasis
on how molecular and biochemical changes
lead to pathogenesis. The role of inflamma-
tion, the immune system, hormones, growth
factors, drugs, and toxins are examined at
both the cellular and molecular levels. Subject
integrates aspects of pathology, physiology,
nutrition, biochemistry, pharmacology, and
toxicology.
H. Zarbi

TOX 215 Molecular Carcinogenesis

Prereq.: 7.03
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
4-0-8 H-LEVEL Grad Credit

The cascade of genetic changes leading to
cancer in humans and experimental animals
dissected in molecular and stochastic terms.
Review of the known oncogenes and cancer
suppressor genes. Most probable pathway
model for a set of genetic changes sufficient
for neoplasia, nuclear and mitrochondrial muta-
tion. Network of gene interactions in suppres-
sion of neoplasia. Alternate years.
W. G. Thilly, H. Zarbl

TOX
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TOX 216 Physiology and Biochemistry of
Drugs and Toxins

Prereq.: 5.07 or 7.05 or equivalent
G (1)
3-0-9 H-LEVEL Grad Credit

Biochemical and physiologic fates of drugs
and chemicals in vertebrate organisms.
Routes of exposure and the mechanisms of ab-
sorption, distribution, and elimination of drugs
and toxins examined in terms of biochemistry,
cell biology, histology, anatomy, and physiol-
ogy. The use of pharmokinetic models to corre-
late exposure to chemicals with therapeutic
and toxic effects is introduced.
P. C. Dedon

TOX 218 Laboratory Animals: Use in
Biological Experimentation

Prereq.: 7.012 or 7.013 or 7.014
G (2)
2-1-3 H-LEVEL Grad Credit

Topics include current legislation and bioethics
regarding laboratory animal use, as well as in
vitro alternatives. Introduces current concepts
of anesthesia, surgery, disease, and ex-
perimental manipulation (including transgenics
and hybridoma technology) of the research
laboratory animal. Emphasizes the selection of
proper animal models and techniques used in
the experimental protocol. Techniques and
skills learned from lectures and audiovisual
aids are evaluated further in laboratory ses-
sions.
J. G. Fox, J. C. Murphy, N. S. Lipman

TOX 219 Selected Topics in Toxicology

Prereq.: -
G (1, IAP, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Detailed discussion of selected topics of cur-
rent interest. Classwork in various areas not
covered by regular subjects.
Staff

TOX 301 Research Problems in
Toxicology

Prereq.: -
G (1, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

TOX 302 Research Problems in
Toxicology

Prereq.: -
G (2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Directed research in the field of toxicology.
Open only to Toxicology graduate students.
S. R. Tannenbaum, Staff

TOX 303 Thesis Proposal

Prereq.: -
G (1, 2, S)
0-24-0 [P/D/F] H-LEVEL Grad Credit
Can be repeated for credit

Thesis proposal research and presentation to
the Thesis Committee.
S. R. Tannenbaum, Staff

TOX 304 Teaching Experience in Toxicology

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

For qualified graduate students interested in
teaching. Tutorial, laboratory, or classroom
teaching under the supervision of a faculty
member. Total enrollment limited by availability
of suitable teaching assignments.
S. R. Tannenbaum, Staff

TOX ThG Graduate Thesis

Prereq.- -
G (1, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Program of graduate research leading to the
writing of an S.M. or Ph.D. thesis; to be ar-
ranged by the student and the MIT faculty ad-
visor.
S. R. Tannenbaum, Staff
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Technology and Policy

For further information, see listing in
Chapter VI.

TPP 01J Decision Analysis Laboratory

(Same subject as 1.101J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-4-5 Institute LAB

See description under subject 1.101J.
R. de Neufville

TPP 02 Application of Technology

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9
Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
J. Deutch

TPP 03J Industrial Competition in the US
and Asia

(Same subject as 3.08J, 21H 541J)
Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
3-0-6 HASS

See description under subject 3.08J.
J. P. Clark, P. C. Perdue

TPP 08J Technology Policy and
Technological Society
(New)

(Same subject as STS 517J)
Prereq.: -
G (2)
Units arranged

Attempts to bridge the gap between the study
of technology policy and the critical study of
technological society. Readings explore some
of the underlying assumptions, unrecognized
limitations, and unintended consequences of
uses of technology. Through its wide scope
and critical approach, the seminar aims at ex-
amining how the technical aspects of technol-
ogy policy formulation are related to some of
the more far-reaching critiques of technological
societies.
J. Ehrenfeld, K. Keniston

TPP 09J Real-World Ethics
(Same subject as 2.95J, 16.655J, STS 061J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (2)
5-0-7 HASS

Open to juniors, seniors, and graduate stu-
dents. First- and second-year students see
STS 055. See description under subject 2.95J.
C. Whitbeck, N. Kiang, L. Trilling, /. Paul

TPP 101 Introduction to Leadership

Prereq.: -
G (1)
0-2-1

Presents basic concepts of individual and col-
lective leadership in groups. A structured set of
outdoor experiences complements classroom
activities. Restricted to entering students in the
Technology and Policy Program. Taught first
half of semester.
Information: R. D. Tabors.

TPP 11 Proseminar in Technology and
Policy I
Prereq.: Permission of instructor
G (1)
4-0-8 H-LEVEL Grad Credit

Explores the diversity of values that complicate
the selection of policy: personal moral
decisions, values inherent in various profes-
sions, and cultural differences. Case projects
of increasing complexity explore these ques-
tions. Integral assessments of issues and
processes. Emphasis on developing the
participant's skills in making verbal and written
presentations. Introductory core subject in-
tended for TPP students. Permission of instruc-
tor required.
R. D. Tabors

TPP 12 Proseminar in Technology and
Policy II
Prereq.: TPP 11
G (2)
4-0-8 H-LEVEL Grad Credit

Presents means to integrate the diversity of
values held by participants in policy formation.
First, builds on social welfare theory, to show
how formal models of technology can be used
to build consensus, identify points of conten-
tion, and form a basis for negotiation. Then, ex-
plores issues in negotiation, especially the
importance of process in determining out-
comes. Two major case projects, an analysis,
and a negotiation, illustrate the material.
R. D. Tabors

TPP 13 Technology Policy Practice

Prereq.: Internship in Technology Policy
G (1, 2)
Units arranged H-LEVEL Grad Credit

This seminar examines what technology policy
is in practice. It considers the question of "Who
achieves what, when, how, and why?" regard-
ing technical issues. Program faculty and
visitors present and dissect their own ex-
perience with special reference to specific
cases in which they are participating. Students
who have completed summer internships par-
ticipate.
R. de Neufville and Staff

TPP 14J Thesis Proposal Seminar

(Same subject as 1 .980J)
Prereq.: Thesis Registration
G (1, 2)
1-0-2 H-LEVEL Grad Credit
Can be repeated for credit

Orientation to thesis in Technology and Policy,
with emphasis on integrating the two into a
professional effort showing leadership in the
field. Students work closely with advisors to
prepare an acceptable thesis proposal.
Restricted to advanced students in the Tech-
nology and Policy Program in the semester
preceding their intended graduation.
R. de Neufville, J. Ehrenfeld, M. Lipsky,
R. Tabors

TPP 21 Engineering Systems Analysis

Prereq.: Permission of instructor
G (1)
3-0-6 H-LEVEL Grad Credit

Engineering School-Wide Elective Subject.
Description given at end of this chapter in
SWE section on page 272D.
R. de Neufville, J. P. Clark, F. Field

TPP 22J The Policy-Making Process

(Same subject as 17.220J)
Prereq.: Permission of instructor
Acad Year 1993-94: Not offered
Acad Year 1994-95: G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 17.220J.
Staff
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TPP 23J Dynamic Strategic Planning

(Same subject as 15.378J)
Prereq.: Permission of instructor
G (S)
3-0-3 H-LEVEL Grad Credit

Dynamic strategic planning as the logical way
to approach long-term, risky projects. In-
tegrated presentation of the real-world risks,
the asymmetric valuation of gains and losses,
the production function as the means to dis-
play alternatives, and of decision analysis to
identify optimal strategies. Students learn to
apply the method by carrying out a realistic
project in teams. Restricted to students in the
Management of Technology Program.
R. de Neufville, J. P. Clark, F. Field

TPP 32J Law, Technology, and Public
Policy

(Same subject as 3.576J, 15.655J)
Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

In-depth examination of the relationship be-
tween technology and the legal system. Five
major areas discussed: 1) responses of the
legal system to new social problems created
by new or existing technology; 2) technological
change in response to legal action; 3) changes
in legal theory and practice resulting from new
technical developments; 4) responses of the
political system to proliferating technology; and
5) equity/market changes brought about by the
law-technology interaction.
N. A. Ashford, C. C. Caldart

TPP 33J Environmental Law: Pollution
Control

(Same subject as 1.811J)
Prereq.: Permission of instructor
G (1)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.811J.
N. A. Ashford, C. C. Caldart

TPP 34J Regulation of Chemicals,
Radiation, and Biotechnology

(Same subject as 1.812J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 1.812J.
N. A. Ashford, C. C. Caldart

TPP 35J Technology, Law, and the Working
Environment

(Same subject as 10.805J, 15.656J)
Prereq.: -
G (1)
3-0-6 H-LEVEL Grad Credit

See description under subject 10.805J.
N. A. Ashford, C. C. Caldart

TPP 41J Ethics in Industry and Research

(Same subject as 2.953J, 16.954J)
Prereq.: -
G (2)
5-0-7
See description under subject 2.953J.
C. Whitbeck, N. Kiang, G. Pratt, L. Trilling

TPP 51J Chemicals in the Environment:
Fate and Transport

(Same subject as 1.725J)
Prereq.: Permission of instructor
G (1)
3-0-9
See description under subject 1.725J.
H. Hemond

TPP 52J Chemicals in the Environment:
Sources and Control

(Same subject as 10.72J)
Prereq.: Permission of instructor
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-6 H-LEVEL Grad Credit

See description under subject 10.72J.
A. F. Sarofim

TPP 53J Chemicals in the Environment:
Toxicology

(Same subject as TOX 104J, 1.81J)
Prereq.: 5.11
U (2)
3-0-6
See description under subject TOX 104J.
W. G. Thilly, T. C. de Rojas-Walker

TPP 54J Chemicals in the Environment:
Policy and Management

(Same subject as 11.363J)
Prereq.: -
G (2)
3-0-6 H-LEVEL Grad Credit

See description under subject 11.363J.
C. P. Ozawa, L. Susskind, J. R. Ehrenfeld

TPP 59J Strategic Analysis for
Environmental Planning and Design
(New)

(Same subject as 1 .141J, 3.563J, 6.688J,
22.822J)
Prereq.: 1.146 or 2.192 or 3.56 or 13.62 or
16.784 or 22.821 or TPP 21
G (2)
3-0-6 H-LEVEL Grad Credit

Gives participants practical understanding of
the procedures for successfully designing com-
plex technical systems that must perform well
in a social context. Student teams work with
computer-based models to examine the effect
of alternative strategies; then define the
tradeoffs between energy use, environmental
quality, and costs, so as to develop a policy
which is consistent with the social, economic,
political and historical context of the region.
The example treated is the proposed policy of
requiring the introduction of personal electric
cars in the Los Angeles region, as a means of
reducing pollution.
D. H. Marks, R. de Neufville, J. Clark,
M. W. Golay, D. Sadoway, R. D. Tabors

TPP 60J Economics of Energy and
Environmental Policy
(New)

(Same subject as 15.022J)
Prereq.: 14.01, 15.011 or equivalent
G (2)
3-0-6 H-LEVEL Grad Credit

Application of economic principles to the
analysis and design of energy and environmen-
tal policy. Includes review of the evolution of
energy markets and development of related en-
vironmental issues. Particular attention is
given to the role of technology. Topics:
resource theory, theory and measurement of
externalities, regulatory structures, public
choice, and technological change.
A. D. Ellerman

TPP 61J Operation and Planning of Electric
Power

(Same subject as 6.683J)
Prereq.: 6.061 or 6.013; 15.011
Acad Year 1993-94: G (1)
Acad Year 1994-95: Not offered
3-0-9 H-LEVEL Grad Credit

See description under subject 6.683J.
M. D. Ilic, R. D. Tabors

TPP 63J Energy Assessment
(New)

(Same subject as 22.81J, 22.08)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

See description under subject 22.81J.
M. Miller
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TPP 71J Information and Communications:
Technology and Policy
(New)

(Same subject as 15.582J)
Prereq.: Permission of instructor
G (2)
3-0-9 H-LEVEL Grad Credit

Provides students with an understanding of
the complex technology, market, and policy
processes affecting development of informa-
tion networks, communications infrastructure,
and economic development. Case studies of
specific technology policy processes serve to il-
lustrate the global, national, and local; public
and private; social and economic factors that
will shape use of information and communica-
tion technology in the next century.
L. McKnight

TPP 91 Special Subjects in Technology and
Policy

Prereq.: Permission of instructor
G (1, 2)
Units arranged H-LEVEL Grad Credit

Opportunity for group study of advanced topics
in Technology Policy not otherwise included in
the curriculum at MIT. Offerings are initiated by
faculty on an ad hoc basis subject to Program
approval.
Staff

TPP 92-TPP 95 Special Subjects in
Technology and Policy

Prereq.: Permission of instructor
G (1, IAP, 2, S)
Units arranged H-LEVEL Grad Credit
Can be repeated for credit

Opportunity for group study of advanced topics
in Technology Policy not otherwise included in
the curriculum at MIT. Offerings are initiated by
faculty on an ad hoc basis subject to Program
approval.
Staff
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Aerospace Studies, Military Science, and
Naval Science subjects are not for MIT
credit.

Aerospace Studies

AS 11 The Air Force Today

Prereq.: -
U (1)
1-0-1
Examines the role of the US Air Force in the
contemporary world by studying national
security objectives and the uses of national
power to achieve objectives. Includes back-
ground, mission, and organization of the Air
Force, and the functions of its forces.
Promotes an understanding of the concepts of
professionalism and officership as they apply
to the military. Emphasis is on beginning the
development of oral and written communica-
tions skills.
G. V. Lambert

AS 111 Leadership Laboratory
(Revised Units)

Prereq.: -
U (1)
0-2-2 [P/D/F]

Introduction to the customs, traditions, and
courtesies of the Air Force through seminars,
guest speakers, and appropriate field trips.
Information: G. V. Lambert.

AS 12 The Air Force Today

Prereq.: -
U (2)
1-0-1
Continues the study of the US Air Force and
its role in the contemporary world. Includes Air
Reserve Forces, Air National Guard, and other
US Armed Forces. Discusses the US defense
policy and strategy. Cadets learn about ter-
rorism and geographical awareness.
G. V. Lambert

AS 121 Leadership Laboratory
(Revised Units)

Prereq.: AS 111
U (2)
0-2-2 [P/D/F]

Continuation of AS 111. Emphasis on role and
responsibilities of an Air Force junior officer.
Information: G. V. Lambert.

AS 21 US Air Power: Ascension to
Prominence

Prereq.: -
U (1)
1-0-1
History of the development of air power, from
its beginnings through the Korean War. Em-
phasis on the doctrine governing the employ-
ment of air power and how it developed. Also
examines how technology has affected the
growth of air power.
C. A. Danley

AS 211 Leadership Laboratory
(Revised Units)

Prereq.: AS 121
U (1)
0-2-2 [P/D/F]

Emphasizes development of techniques used
to direct and inform. Students are assigned
leadership and management positions in the
AS 111 programs described above.
Information: G. V. Lambert.

AS 22 US Air Power: Key to Deterrence

Prereq.: Permission of instructor
U (2)
1-0-1

Continues the history of air power since the
Korean War, with emphasis on the US Air
Force. Includes the role of air forces in con-
flicts, and the effect of space-age technology
on air power. Also examines the employment
of US air power in peaceful ways, and
provides a brief introduction to leadership.
C. A. Danley

AS 221 Leadership Laboratory
(Revised Units)

Prereq.: AS 211
U (2)
0-2-2 [P/D/F]

Continuation of AS 211. Adds a special pro-
gram in preparation for Field Training.
Information: G. V. Lambert.

AS 31 Management and Leadership

Prereq.: -
U (1)
2-0-2

Study of management fundamentals, profes-
sional knowledge, and communicative skills re-
quired of an Air Force junior officer. Case
studies are used to examine Air Force
management situations. Special emphasis is
placed on the concept of quality in AF manage-
ment situations and communications.
K. A. Crider

AS 311 Leadership Laboratory
(Revised Units)

Prereq.: AS 221
U (1)
0-2-4 [P/D/F]

Supervisory practice and exercise of leader-
ship functions in controlling and directing ac-
tivities of the cadet corps. Development of
leadership potential in a practical, supervised
training laboratory.
Information: G. V. Lambert.

AS 32 Management and Leadership

Prereq.: AS 31
U (2)
3-0-3
Continuation of AS 31 with emphasis now on
leadership. Leadership concepts and profes-
sional ethics explored through the use of case
studies and interactive class exercises. Com-
munication skills are also emphasized.
K. A. Crider

AS 321 Leadership Laboratory
(Revised Units)

Prereq.: AS 311
U (2)
0-2-4 [P/D/F]

Continues AS 311 emphasis on supervisory
and leadership skills. Emphasis on advantages
of an Air Force career.
Information: G. V. Lambert.
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AS 41 American National Security: Policy
and Process

Prereq.: -
U (1)
3-0-9
Examines the development of American Na-
tional Security Policy through discussion of the
various groups affecting policy. Investigates
current issues of national and regional security
issues. Emphasis on integration of current
events into course topics. Students are asked
to challenge current ideas on National Security
Policy.
R. P. Craigie

AS 411 Leadership Laboratory
(Revised Units)

Prereq.: AS 321
U (1)
0-2-4 [P/D/F]

Exercise of management functions in planning,
supervising, and directing cadet corps ac-
tivities. Acquire proficiency in military leader-
ship skills.
Information: G. V. Lambert.

AS 42 Issues for Today's Military

Prereq.: AS 41
U (2)
3-0-3

Study of selected issues that affect the military
today. Topics include the laws of armed con-
flict, the military legal system, aerospace
doctrine, the military as a profession, officer-
ship, and the transition from civilian to military
life. Communication skills are emphasized.
R. P. Craigie

AS 421 Leadership Laboratory
(Revised Units)

Prereq.: AS 411
U (2)
0-2-4 [P/D/F]

Continues AS 411. Includes preparation for
professional duties.
Information: G. V. Lambert.

Military Science

MS 101 Introduction to the Army

Prereq.: -
U (1)
1-2-1

Investigates the generalized structure and
employment of the US Army. Provides a
framework of leadership, management, and
communication skills to enable the first-year
ROTC cadet to understand the responsibility
and authority vested in Army officers, and to
critically evaluate a leader's effectiveness. Em-
phasizes ethical considerations for leaders,
group dynamics, and the importance of verbal
and non-verbal communication skills.
M. Pettigrew

MS 102 The Fundamentals of Military
Science

Prereq.: -
U (2)
1-2-1

Discusses interface between Active Army, Na-
tional Guard, Reserves, and civilian work
force; interservice and intra-alliance support.
Examines organization and role of company-
sized units; small-unit tactics and combined
arms concepts. Specialties of soldiers are re-
lated to operational unit missions. Introduces
principles of war and relates them to actual his-
torical events.
M. Pettigrew

MS 201 Intermediate Military Skills I

Prereq.: -
U (1)
1-2-1

Develops and refines cadet technical and tacti-
cal skills. Stresses oral and written communica-
tions techniques. Cadets serve in a variety of
positions to develop their leadership,
managerial, and interpersonal skills. Techni-
ques and skills presented during classroom in-
struction are applied and evaluated during
leadership laboratories and in weekend field
training exercises.
T. Palmero

MS 202 Intermediate Military Skills II
Prereq.: -
U (2)
1-2-1

Stresses and continues the process of cadet
development. Emphasizes individual soldier
skills, including first aid, map reading, and
radio communications procedures. Integrates
individual skills into collective skills at the
squad and platoon level. Prepares cadets for
the rigors of leading others into a tactical en-
vironment. Techniques and skills presented
during classroom instruction are applied and
evaluated during leadership laboratories and
in a weekend field training exercise.
T. Palmero

MS 301 Leadership and Military Science

Prereq.: -
U (1)
3-2-1

Focuses on development of cadet skills in the
areas of map reading, land navigation,
preparation of combat orders, conducting
physical training, and other general military
subjects.
Z. Natale

MS 302 Small-Unit Tactics

Prereq.: -
U (2)
2-0-1

Addresses the leadership of small units con-
ducting conventional combat operations. Ele-
ments of terrain analysis and application to
offensive, defensive, and retrogade operations
discussed, along with weather considerations
and their impact on combat operations. Cur-
rent organizations and hardware associated
with small tactical combined-arms formations
reviewed.
Z. Natale

MS 311 Advanced Military Science

Prereq.: -
U (1)
1-2-1

Continues development of cadet competen-
cies and confidence through intermediate
leadership and technical/tactical instruction.
Training focuses on leadership, written and
oral communication, operations and tactics,
land navigation, physical fitness, and general
military subjects.
P. Sherrill

1This subject is conducted in conjunction with an MIT
credit-bearing subject. Tufts ROTC students can only register
under this ROTC subject number MIT students must register
under the associated MIT subject number; Harvard and
Wellesley students can register under either number.
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MS 312 Advanced Camp Preparation

Prereq.: -
U (2)
1-2-1

Prepares the Army ROTC Cadet for Summer
Advanced Camp by focusing on the specific
subjects and events that need to be mastered
to successfully complete camp. Among the
topics covered are Patrolling, Squad Tactics,
Practical Land Navigation, and Tactical Radio
Communications. Cadets also participate in
several field training exercises which em-
phasize rifle marksmanship, rappelling, and
performing on a Leadership Reaction Course.
P. Sherrill

MS 401 Leadership and Management I

Prereq.: -
U (1)
3-2-1
Designed to develop the cadets' technical, tac-
tical, and leadership skills while continually as-
sessing their officership potential. Intended to
prepare the cadets for a smooth transition into
the officers' corps. Provides information on a
series of topics ranging from the United States
military justice system; oral and written com-
munications; the army's training philosophy;
and command and staff functions at the small-
unit level, battalion and below.
G. T. Wellman

MS 402 Leadership and Management I1
Prereq.: -
U (2)
3-2-1

A continuation of the orientation initiated in MS
401. Provides a basic background in the
army's logistic, supply, and personnel manage-
ment systems; post/installation support;
military ethics and professionalism; as well as
advanced tactical considerations dealing with
threat analysis, intell/electronic warfare sys-
tems, battle focus planning process, security
measures, and the army's program to combat
terrorism.
G. T. Wellman

MS 411 Leadership Laboratory

Prereq.: -
U (1)
1-2-1

Practical exercise in the application of military
leadership and managerial techniques in plan-
ning, organizing, directing, and controlling the
activities of the corps of cadets. Students are
assigned leaderships positions, serving in both
command and staff capacities in a standard
battalion configuration. The primary objective
is further leadership development.
G. T. Wellman

MS 412 Leadership Laboratory

Prereq.: -
U (2)
3-2-1

Continues MS 411. Includes preparation for
the transition from cadet/student to lieutenant.
G. T. Wellman

Naval Science

NS 101 Introduction to Naval Science

Prereq.: -
U (1)
2-0-1
General introduction to seapower and the
naval service. An overview of the organization
and historical development of the US Navy
and its personnel and equipment. Covers the
basic tenets of naval courtesy and customs,
discipline, and leadership, as well as the major
challenges facing today's Naval officer.
S. S. Gaudet

NS 102 Naval Ships Systems'

Prereq.: -
U (2)
3-0-3

Lecture series on technological fundamentals
of applied and planned Naval Ships Systems
from an engineering viewpoint. Topics:
stability, propulsion, ship control and systems.
M. T. Salzberger

NS 201 Naval Weapons Systems'

Prereq.: 8.01, 18.02 recommended
U (1)
3-0-3
Overview of the properties and behavior of
electromagnetic radiation pertaining to
maritime applications. Topics: communica-
tions, radar detection, electrooptics, tracking
and guidance systems. Sonar and computer-
controlled systems also discussed. Examples
taken from systems found on naval ships and
aircraft. Selected readings on naval weapons
and fire control systems.
M. T. Salzberger

NS 202 Seapower and Maritime Affairs

Prereq.: -
U (2)
2-0-2

Discussion of the history of seapower, the role
of various warfare components of the Navy in
supporting the Navy's mission, and implemen-
tation of seapower as an instrument of national
policy.
S. S. Gaudet

NS 301 Coastal Piloting and Celestial
Navigation'

Prereq.: -
U (1)
2-2-4

Comprehensive study of the theory, principles,
and procedures of piloting and celestial naviga-
tion, including mathematics of navigation, prac-
tical work involving navigational instruments,
slight reduction by pro forma and com-
puterized methods, charts, publications, and
voyage planning.
W. Kelly

NS 302 Navigation and Naval Operations

Prereq.: -
U (2)
3-0-3
Comprehensive study of tactical and planning
considerations relative to employment of naval
forces, including communications, tactical for-
mations and dispositions, relative motion,
maneuvering board, and nautical rules of the
road.
W. Kelly

1
This subject is normally conducted in conjunction with an MIT

credit-bearing seminar. Tufts ROTC students can only register
under this ROTC subject number; MIT students must register
under the associated MIT seminar number; Harvard and
wellesley students can register under either number. Any
technical aspects of the subject matter of interest only to
midshipmen are covered in separate NROTC sessions and
field trips.
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NS 401 Leadership and Management I

Prereq.: -
U (1)
3-0-3
A comprehensive study of organizational be-
havior and management in the context of the
naval organization. Topics include a survey of
the management function of planning, or-
ganization, and controlling; an introduction to
individual and group behavior; and extensive
study of motivation and leadership. Behavioral
theories and their practical applications are ex-
plored by use of experimental exercises, case
studies, and laboratory discussions. Other
topics developed include decision making,
communication, responsibility, authority, and
accountability.
D. Finch

NS 402 Leadership and Management I
Prereq.: -
U (2)
2-0-2
Provides a basic background in the duties and
responsibilities of a junior division and watch
officer; strong emphasis on the junior officer's
responsibilities in training, counseling, and
career development. Student familiarized with
equal opportunity and drug/alcohol rehabilita-
tion programs. Principles of leadership rein-
forced through leadership case studies.
M. E. Field

NS 403 Evolution of Amphibious Warfare

Prereq.: -
Acad Year 1993-94: Not offered
Acad Year 1994-95: U (1)
2-0-4
Historical and tactical analysis of amphibious
warfare. Seeks to define the concept, explore
its doctrinal origins, and trace its evolution as
an element of naval policy during the twentieth
century. Case study approach used to provide
the prospective Marine Corps officer with the
fundamentals of amphibious tactics.
G. Huelskamp
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Keywords associated with five or more entries
are capitalized, and entries appear in
alphabetical order below the keyword. Study
and research opportunities are listed under the
following keywords: center, college, department,
laboratory, program, and school.

A
Absence for Religious Observances, Institute

Policy on Student 81
Academic Council 16
Academic Performance and Grades 78
Academic Procedures and Institute

Regulations 74
Academic Programs 14, 34
Academic Standards, Graduate 79
Academic Standards, Undergraduate 78
Access for Persons with Disabilities 12
Accreditation Board for Engineering and

Technology 133, 137, 144, 151, 153, 162,
169, 177, 183, 189, 190

Acoustics and Vibrations Laboratory 176
Activities, Campus 22
Activities, Association of Student 22
Administrative Organization 16
ADMISSIONS

application for 55, 68
college transfer 57
deferred 55
for research staff members, graduate

student status 69
freshman 55
international graduate admissions 69
international undergraduate admissions 56
interview (personal conference) 55, 56
regular graduate 68
secondary school preparation for 55
special student 58, 69
transfer, college 57

Advanced Construction Materials
Laboratory 155

Advanced Credit 57
Advanced Degrees, Undergraduate

Requirements for 68
Advanced Engineering Study, Center for 92
Advanced Placement 55
Advanced Standing Examinations 37
Advising and Counseling 28
Advising, Preprofessional 28
Aeronautical and Astronautical Systems 140
AERONAUTICS AND ASTRONAUTICS

Bachelor of Science in 137
Cooperative Program in 138
Department of 135
Divisions of Instruction and Research

Laboratories 139
Doctor of Philosophy and Doctor of Science

in 142

Engineer in 142
Implicit Curriculum 137
Interdisciplinary Programs in 142
Master of Engineering in 141
Master of Science in 141
subjects in 157D

Aerospace Studies, Subjects in 278D
Air Force ROTC Program 41
Alcohol, Policy Statement on the Use of 82
Alpha Phi Omega 23
Alumni and Alumnae of MIT, Association of 16
Alumni and Alumnae Fund 16
Alumni Placement 28
American Studies 195
Analytical Mechanics 155
Ancient and Medieval Studies 195
Ancient Technology Program, Archaeology

and 89, 95
Anthropology and Archaeology 202
Anthropology/Archaeology, Bachelor of Science

in 203
Anthropology/Archaeology, Minor Program

in 203
Anthropology/Archaeology, Subjects in 193D
Application for Admission 55, 68
Application for Financial Aid 57, 72
Applied Biological Sciences, Subjects in 192D
Applied Mathematics 250, 252
Aquatic Chemistry, Aquatic Biology, and

Environmental Engineering 156
Archaeology and Ancient Technology

Program 89, 95
Archaeology, Anthropology and 89, 95, 202
Archaeology and Ethnology, Center for Materials

Research in 95
Architectural Design 121
Architectural Studies 121
ARCHITECTURE

and Planning, School of 118
Art, and Environmental Studies, Doctor of

Philosophy in 124
Bachelor of Science in 123
Department of 120
Master of 124
Minor in 38, 122
Minor Program in History of Art and 122
Simultaneous Master's Degrees in

City Planning and 129
Studies, Master of Science in 124
subjects in 38D

Army ROTC Program 42
Art and Architecture, History, Theory and

Criticism of 122
Art and Design, Bachelor of Science in 122
Artificial Intelligence Laboratory 89

Arts at MIT, Council for the 24
Arts, Humanities, and Social Sciences

Requirement 47
Ashdown House 27
Assistantships, Teaching and Research 73
Astronautical Systems, Aeronautical and 140
Astronomy and Astrophysics 89
Astronomy and Astrophysics, Observatories ana

Facilities 89
Astrophysics Division 257
Athena Computing Environment 15
Athletic Facilities 12, 22
Athletics 22
Athletic Center 12, 22
Atmospheric, and Planetary Sciences,

Department of Earth, 242
Atomic, and Plasma Physics, Condensed

Matter, 257
Automation Facilities, Computer and 157

B
BACHELOR OF SCIENCE IN

Aeronautics and Astronautics 137
Anthropology/Archaeology 203
Architecture 123
Art and Design 122
Biology 237
Chemical Engineering 145
Chemistry 240
Civil Engineering 151
Cognitive Science 262
Computer Science and Engineering 163
Earth, Atmospheric, and Planetary Sciences

244
Economics 200
Electrical Science and Engineering 163
Electrical Engineering and Computer

Science 163
Environmental Engineering Science 152
Foreign Languages and Uteratures 205
History 207
Humanities 213
Humanities and Engineering 214
Humanities and Science 214
Uterature 208
Management Science 229
Materials Science and Engineering 169
Mathematics 249
Mathematics with Computer Science 251
Mechanical Engineering 177
Music 209
Nuclear Engineering 183
Ocean Engineering 189
Philosophy 216
Physics 255



Index 551

Planning 127
Political Science 220
Science, Technology, and Society 223
Unspecified Degree Programs for

Interdisciplinary Study 114
Urban Studies. See Bachelor of Science in

Planning
Writing 211

Bachelor's and Master's Degree in City
Planning, Five Year Option 128

Bachelor's and Master's Degrees, Simultaneous
Award of 66

Bachelor's Degrees, Program for Two 37
Bates Linear Accelerator Center 103
Biochemistry 238
Bioengineering, Biotechnology and 146
Bioelectrical Engineering 164
Biological Oceanography 238, 267
BIOLOGY

Bachelor of Science in 237
Department of 235
Doctor of Philosophy in 238
Minor in 38, 237
Requirement 46
Subjects in 71D

Biomechanics and Human Rehabilitation, Eric P
and Evelyn E. Newman Laboratory for 176

BIOMEDICAL ENGINEERING
Doctor of Science or Doctor of Philosophy in

90
graduate degree opportunities 90
graduate study in 142
Interdisciplinary Ph.D. Program in 142
undergraduate foundation in Mechanical

Engineering 175
Biomedical Research, Whitehead Institute

for 115
Biomedical Sciences Program 265
Biophysical Chemistry and Molecular

Structure 238
Biotechnology and Bioengineering 146
Biotechnology Process Engineering Center 91
Bitter National Magnet Laboratory 91
Blue Cross and Blue Shield Hospital Insurance,

MIT Student 31
Boston Environment 12
Boston University 67
Brain and Cognitive Sciences, Department

of 260
Brain and Cognitive Sciences, Doctor of

Philosophy in 263
Brain and Cognitive Sciences, Subjects in 85D
Brandeis University 67
Building Technology 91, 121
Bursary Payment Plan 59, 71

C
Calculus Requirement 46
Calendar, Academic 8
Campus 12
Cancer Research, Center for 93
Career Services and Preprofessional Advising,

Office of 28, 40
Cars 85
Catalysis and Reaction Engineering 146
Cell Biology 238
CENTER, CENTER FOR

Advanced Engineering Study 92
Bates Linear Accelerator 103
Biological and Computational Learning 92
Biotechnology Process Engineering 91
Cancer Research 93
Clinical Research 98
Computational Research in Economics and

Management Science 93
Construction Research and Education 156
Coordination Science 93
Energy and Environmental Policy and

Research 94, 100
Environmental Health Sciences 94
Family Resource 29
Information Systems Research 94
Intelligent Control Systems 103
International Financial Services Research 102
International, for Research on Management of

Technology 101
International Studies 94
Materials Processing 105
Materials Research in Archaeology and

Ethnology 95
Materials Science and Engineering 95
Meteorology and Physical Oceanography 246
Plasma Fusion 108
Operations Research 107
Organizational Learning 96
Real Estate 96, 119
Space Research 96
Technology, Policy, and Industrial

Development 97
Theoretical Physics 104, 257
Transportation Studies 97, 155
Writing 212

Ceramics, Master of Science in 171
Chapel 12
Cheating. See Honesty, Academic
CHEMICAL ENGINEERING

Bachelor of Science in 145
Department of 143
Doctor of Philosophy and Doctor of Science

in 148
Engineer's Degree in 147

Master of Science in 147
Practice, Master of Science in 147
Practice, School of 144
subjects in 90D
Systems and Process Control 146

Chemical Oceanography 267
CHEMISTRY

Bachelor of Science in 240
Department of 239
Doctor of Philosophy and Doctor of Science

in 241
Master of Science in 241
Minor in 38, 240
Requirement 46
subjects in 49D

Child Care and Parenting Resources 29
City Planning and Architecture, Simultaneous

Master's Degrees in 129
Cit Planning and Real Estate Development,

imultaneous Master's Degrees in 129
City Planning and Transportation, Simultaneous

Master's Degrees in 129
City Planning, Master in 65, 123
Civil Engineering, Bachelor of Science in 151
Civil Engineering, Minor in 38, 153
CIVIL AND ENVIRONMENTAL

ENGINEERING
Bachelor of Science in 153
Department of 149
Divisions, Laboratories, and Special Programs

154
Doctor of Philosophy and Doctor of Science

in 154
Engineer's Degrees in 154
Master of Science in 154
subjects in 4D

Clinical Research Center 98
Clubs. See Special Interest Groups
Cognitive Science, Bachelor of Science in 262
Cognitive Science, Minor in 263
Committee, Nominations 22
Committee on Educational Policy 22
Committee on Graduate School Policy 64, 65,

79
Committee, Student Center 22
Communication Science and Systems 103
Community Development, Housing and 129
Community Fellows Program 130
Compton Gallery 25
Computational Research in Economics and

Management Science, Center for 93
Computer-Aided Engineering 155
Computer and Automation Facilities 157
Computer and Information Systems 103
Computer Resource Laboratory 119
Computer Science, Engineer in 166
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Computer Science and Engineering, Bachelor
of Science in 163

Computer Science, Laboratory for 102
Computer Science, Mathematics and 251
Computers, and Control, Systems 176
Concentration, Fields of 47
Concentrations, Engineering 164
Concentrations in Literature 208
Concourse Program 35, 98
Conservation, Energy Conversion and 175
Constructed Facilities Division 154
Construction Engineering and

Management 156
Construction Research and Education, Center

for 156
Cooperative Living 26
Cooperative Program in Aeronautics and

Astronautics 138
Cooperative Programs 58, 70
Cooperative Writing Programs 212
Corporation 16, 17
Costs for Graduate Students 70
Costs for Undergraduate Students 58
Council, Academic 16
Council, Creative Arts 16
Council for the Arts at MIT 24
Counseling and Advising 28
Course of Study, Selection of Major 36
Course VI-A, Internship Program 165
Course, course 3, 34, 2D
Credit Limit for Freshmen 36
Credits. See Subject Credits and Designations
Cross-Registration at Other Institutions 43, 67
Cryogenic Engineering Laboratory 176

D
Dance 24
Dance Program, MIT 24
Da Care. See Child Care and Parenting

esources
Dean of the Graduate School 16
Dean for Undergraduate Education and Student

Affairs 16
DEGREE(S), DEGREE PROGRAMS
See individual Schools in Chapter V/1

Doctoral 66
Dual 37, 65, 66
Engineer's 66
in Humanities 202
Interdepartmental 64, 88
Master's 65
Unspecified, for Interdisciplinary Study 114

DEPARTMENT OF
Aeronautics and Astronautics 135
Architecture 120

Biology 235
Brain and Cognitive Sciences 260
Chemical Engineering 143
Chemistry 239
Civil and Environmental Engineering 149
Earth, Atmospheric, and Planetary Sciences

242
Economics 199
Electrical Engineering and Computer Science

158
Humanities 202
Linguistics and Philosophy 215
Materials Science and Engineering 166
Mathematics 248
Mechanical Engineering 173
Nuclear Engineering 181
Ocean Engineering 188
Physics 253
Political Science 219
Urban Studies and Planning 125

Departmental Programs 3, 34
Departmental Degree Programs and

Requirements 110
Departments and Course Numbers, Guide

to 2D
Design and Development 128
Developing Countries and Regional

Policy 129
Development Program, Technology and 113
Developmental Biology 238
Dining Locations and Meal Plans 26
Disabilities, Access for Persons with 12
Disciplinary Committee Procedures, Statement

of 83
Disclosure of Information about Students 84
Distribution Requirement, HASS 48
Distribution Requirement, HUM 49
DOCTORAL, DOCTORAL PROGRAM IN

Brain and Cognitive Sciences 263
Degree 66
Medical Engineering and Medical Physics 90,

265
Radiological Science 258, 265
Speech and Hearing Sciences 90
Toxicology 259

Doctor of Medicine-Doctor of Philosophy,
Combined Program in the Harvard-MIT
Division of Health Sciences and
Technology 90, 266

Doctor of Medicine in Biomedical Sciences
Program 265

DOCTOR OF PHILOSOPHY AND DOCTOR
OF SCIENCE
Aeronautics and Astronautics 142
Chemical Engineering 148
Chemistry 241
Civil and Environmental Engineering 154

Earth, Atmospheric, and Planetary Sciences
245

Electrical Engineering and Computer Science
166

Materials Science and Engineering 171
Mathematics 252
Mechanical Engineering 179
Nuclear Engineering 186
Ocean Engineering 191
Oceanography 245
Physics 257

DOCTOR OF PHILOSOPHY IN
Architecture, Art, and Environmental Studies

124
Biology 238
Brain and Cognitive Sciences 263
Economics 201
Economics and Urban Studies 99
Linguistics 217
Management 231
Mineral Resources Engineering and

Management 106
Operations Research 107
Philosophy 218
Political Science 221

Doctor of Science or Doctor of Philosophy in
Biomedical Engineering 90

Domestic Year Away 43
Dormitory Council 22
Dormitories. See Institute Houses
Double Competence in Humanities/Social

Science and Science/Technology Programs
for 100

Dramashop 24
Draper Laboratory 99
Dual Degrees 37, 65, 66, 212, 223

E
Earth and Planetary Sciences, in Meteorology,

or Oceanography, Master of Science in 245
EARTH, ATMOSPHERIC, AND PLANETARY

SCIENCES
Bachelor of Science in 244
Department of 242
Doctor of Philosophy and Doctor of Science

in 245
Minor in 38, 245
Subjects in 111D

Earth Resources Laboratory 246
Eastgate 28
Economics and Urban Studies 99
ECONOMICS

Bachelor of Science in 200
Department of 199
Doctor of Philosophy in 201
Master of Science in 201
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Minor Program in 200
subjects in 132D

Education, Prelaw 40
Education, Premedical 40
Educational Policy, Committee on 22
Educational Resources 15
Elective Subjects 49
Electives 37
Electives in Engineering, School-Wide 134,

272D
Electives, Restricted in Science and Technology

(REST) 50
Electrical Engineer 166
ELECTRICAL ENGINEERING AND COMPUTER

SCIENCE
Concentrations 164
Department of 158
Doctor of Philosophy and Doctor of Science

in 166
Master of Engineering in 162
Master of Science in 166
Professional and Preprofessional

Programs 162
Subjects in 54D

Electrical Engineering, Physics with 256
Electromagnetic and Electronics Systems,

Laboratory for 102
Electronic Materials 171
Electronics, Research Laboratory of 110
EmpIoment and Job Opportunities 28, 40, 60,

69,72, 73 '
End-of-Term Regulations 80
Energy and Environment 146
Energy Conversion and Conservation 175
Energy Conversion, Propulsion and 140
Energy Laboratory 99
Energy and Environmental Policy and

Research, Center for 94, 100
ENGINEER

Aeronautics and Astronautics 142
Chemical 147
Civil 154
Computer Science 166
Degree of 66
Electrical 166
Environmental 154
Materials 171
Mechanical 179
Metallurgical 171
Nuclear 186
Ocean 192

ENGINEERING
and Technology, Accreditation Board for 133,

137, 144, 151, 153,162, 169,177,183, 189,
190

degree programs in 133

Intemship Program 134, 138, 151, 165, 178
Master of 65
Master of Science in Management and 172,

231
Naval Construction and 191
Power 109
Risk Assessment 155
School of 132
School-Wide Electives in 134, 272D

English as a Second Language. See Subjects
in Foreign Languages and Literatures

English Competency of Foreign Students 56
English. See Literature
Entrance Examinations 56, 68
Entrance Examinations for International

Applicants 56, 69
Environment, Energy and 146
Environmental Engineer 154
Environmental Engineering 175
Environmental Engineering, Aquatic Chemistry,

Aquatic Biology and 156
Environmental Engineering, Civil and 149
Environmental Engineering Research and

Education, Program in 109
Environmental Engineering Science, Bachelor

of Science in 152
Environmental Engineering Science, Minor in

38, 153
Environmental Engineering, Water Resources

and 155
Environmental Health Sciences, Center for 94
Environmental Planning and Policy 129
Environmental Studies 100
Ethnology and Archaeology, Center for

Materials Research in 95
Evening Classes 15
Examinations, Final 77
Examinations for Advanced Standing 37
Examinations, Entrance 56, 68
Exchange Programs 44, 67
Executive Education in Management,

Programs for 232
Experimental Study Group (ESG) 36, 100
Extracurricular Activities. See Special

Interest Groups

F
Faculty, Officers of the 19
Faculty Policy Committee 16
Family Resource Center 29
Fees and Tuition 58, 70
Fees, Miscellaneous 59, 71
Fellowships 72
Fibers and Polymers Laboratory 176
Fields of Concentration 47

Fieldwork and Internships in Urban Studies 129
Fifth-Year Programs 244
Film and Media Studies 195
Films, Lectures, and Seminars 22
Final Examinations 77
Finance Board 22
Financial Aid 60, 72
Flight Transportation 142
Fluids, Mechanics and Physics of 139
Fluid Mechanics Laboratory 176
Food Service 25
Foreign Languages and Literatures 204
Foreign Languages and Literatures, Bachelor of

Science in 205
Foreign Languages and Literatures, Minor

Programs in 204
Foreign Languages and Literatures, Subjects

in 197D
Fraternities, Sororities, and Independent Living

Groups 26
French. See Subjects in Foreign Languages

and Literatures
French Studies, Bachelor of Science in Foreign

Languages and Literatures 205
FRESHMAN

admissions 55
Advisor Seminars, Undergraduate Seminars

and 37,114
Class of 1997 Handbook 36
credit limit 36
grading 36
year 35

Fusion Technology and Engineering Division
108

G
Gallery, Compton 25
Gays at MIT (GAMIT) 23
General Institute Requirements 45
General Requirements for Graduate Degrees 65
Genetics/Microbiology 238
Geology, Marine, and Geophysics 267
Geotechnical Engineering 154
Geotechnical Engineering Research

Laboratory 155
German. See Subjects in Foreign Languages

and Literatures
Government, Graduate Student 22
Government, Undergraduate Student 22
Grade Reports and Transcripts 77
Grades 79
Grading, Freshman 36
Grading, Pass/No Record 36
Grading, Junior-Senior P/D/F Option 37
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GRADUATE
academic standards 79
admissions 68, 69
Degrees, General Requirements for 65
education at MIT 62
examinations 68
interdepartmental opportunities 88
living costs 71
School, Dean of 16
School, Organization of the 64
School Policy, Committee on 22, 64, 65, 79
single student housing 27
student government 22
Student Council 22
student status for research staff members 69
students, costs for 70
students, special 69

Grants, Loans, and Employment 60
Green Hall 27

H
Handbook, Class of 1997 36
Harassment, Policy on 81
Hart Nautical Galleries 25
Harvard-MIT Division of Health Sciences and

Technology. See Health Sciences and
Technology

Harvard University 44, 67
HASS-Distribution Requirement 48
Haystack Radio Observatory 90
Hazing, Institute Policy on 82
Health Program, MIT Student 30
HEALTH SCIENCES AND TECHNOLOGY

Combined Doctor of Medicine-Doctor of
Philosophy in the Harvard-MIT Division of
265

Harvard-MIT Division of 265
Interdepartmental Programs 100
Master of Science in 266
subjects in 247D
Whitaker College of 258

Health Service Fee 58, 70
Health Services. See Medical Services
Heat Transfer Laboratory 176
Historical Collections, MIT Museum and 25
History 206
History, Bachelor of Science in 207
History, Minor Program in 206
History of Art and Architecture, Minor in 122
History of MIT 2
History, Subjects in 208D
History, Theory, and Criticism of Art and

Architecture 122
Hospital Insurance, MIT Student Blue Cross

and Blue Shield 31

Housing 25
Housing and Community Development 129
Housing, Student Family 28, 29
Humanities and Engineering 110, 213
Humanities and Engineering, Bachelor of

Science in 214
Humanities and Science 110, 213
Humanities and Science, Bachelor of

Science in 214
Humanities and Social Science, School of 193
Humanities, Arts, and Social Sciences, Minor in

38
Humanities, Arts, and Social Sciences

Requirement 47
Humanities, Bachelor of Science in 213
Humanities, Department of 202
Humanities, Interdisciplinary Programs in 101
Humanities and Social Science, Inter-

disciplinary Programs in the School of 195
Humanities/Social Science and

Science/Technology, Program for Double
Competence in 110

Humanities, Subjects in 193D
HUM Distribution Requirement 49
Hydrodynamics and Coastal Engineering 156
Hydrodynamics, Ralph M. Parsons Laboratory

for Water Resources and 155
Hydrology and Water Resource Systems 156

IAP (Independent Activities Period) 53, 64
Immunology 238
Independent Living Groups, Fraternities,

Sororities and 26
Industrial Development, Center for Technology

Policy, and 97
Industrial Liaison Program 16
Industrial Relations Section 101
Infinite Corridor 13
Information about Students, Disclosure of 84
Information and Decision Systems, Laboratory

for 103
Information Systems 15
Information Systems Research. Center for 94
Institute Houses 25
INSTITUTE POLICY, INSTITUTE POLICY ON

Administration of 85
Hazing 82
Pomography 82
Student Absence for Religious

Observances 81
Institute Regulations, Academic Procedures

and 74
Institute Regulations, Policies and

Procedures 81
Institute Requirements, General 45
Instrumentation, Control and Estimation 140

Integrated Studies Program 35, 101, 195
Intelligent Engineering Systems Laboratory 155
Intercollegiate Athletics 22
Interdepartmental Degree Programs 64, 88
Interdepartmental Graduate Opportunities 88
Interdepartmental Organizations and Research

Facilities 88
Interdepartmental Study and Research 86
INTERDISCIPLINARY

Ph.D. Program in Biomedical Engineering
142

Prorams in Aeronautics and Astronautics
12

Programs in Humanities 101
Programs in the School of Humanities and

Social Science 195
Research Opportunities for Undergraduates.

See UROP
Unspecified Degree Programs 114

Interfratemity Council 22, 26
International Graduate Admissions 69
International Students' Association 22
International Studies, Center for 94
Intemational Undergraduate Admissions 56
Intemship Program, Course VI-A 165
Internshi Program, Engineering 134, 138, 151,

165, 178
Internships and Fieldwork in Urban Studies 129
Interphase, Project 55
Interview 55
Intramural Athletic Program 22

J
January Independent Activities Period 9, 53,

64
Japan Program, MIT 106
Job Opportunities, Employment and 28, 40, 60,

69, 70, 73
Joint Degree Programs 90, 205, 207, 208, 210,

212, 223
Joint Program in Oceanography and Applied

Ocean Science and Engineering with Woods
Hole Oceanographic Institution 67, 107, 148,
157, 166, 192, 238, 245, 267

Junior Year Abroad 43

L
LABORATORY LABORATORY FOR

Acoustics and Vibrations 176
Advanced Construction Materials 155
Biomechanics and Human Rehabilitation,

Eric P and Evelyn E. Newman 176
Artificial Intelligence 89
Bitter National Magnet 91
Computer Resource 119
Computer Science 102
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Cryogenic Engineering 176
Draper 99
Earth Resources 246
Electromagnetic and Electronic Systems 102
Energy 99
Fibers and Polymers 176
Fluid Mechanics 176
Geotechnical Engineering Research 155
Heat Transfer 176
Information and Decision Systems 103
Intelligent Engineering Systems 155
Lincoln 105
Man-Machine Systems 176
Manufacturing and Productivity 103
Mechanical Behavior of Materials 176
Media 105, 119
Nuclear Reactor 107, 186
Nuclear Science 103
Reacting Gas Dynamics 176
REMERGENCE 155
Requirement 51
Research Laboratory of Electronics 110
Sloan Automotive 176
Spectroscopy, George R. Harrison 112
Structures 155
Surface 176
Undergraduate Projects 137
Water Resources and Hydrodynamics, Ralph

M. Parsons 155
Language and Mind 217
Language Proficiency 56, 67
Latin American Studies 196
Law-Related Studies 104
Leaders for Manufacturing Program 104, 172,

231
Lecture Series Committee 22
Lectures, Seminars, and Films 22
Libraries 15
Light-Load Registration, Undergraduate 77
Lincoln Laboratory 105
Linguistics and Philosophy, Department of 215
Linguistics and Philosophy, Subjects in 240D
Linguistics, Doctor of Philosophy in 217
List Visual Arts Center 25
LITERATURE

Bachelor of Science in 208
concentrations in 208
Minor Program in 208
subjects in 216D

Loan Funds 73
Loan Plan, Parent 59, 60
Loan, MIT Technology 73
Lowell Institute School 15

M
Magnet Laboratory, Bitter National 91
Management and Engineering, Master of

Science in 172, 231
MANAGEMENT

Bachelor of Science in Management Science,
229

Doctor of Philosophy in 231
fields of concentration 231
Master of Science in 230
Programs for Executive Education in 232
Sloan School of 225
subjects in 139D

Management of Technology, Master of Science
in the 105, 141, 147, 157 172, 186, 192, 232

Man-Machine Systems Laboratory 176
Manufacturing and Materials Processing 175
Manufacturing and Productivity, Laboratory

for 103
Map, Campus 10
Marine Geology and Geophysics 267
Master of Architecture 65, 124
Master of City Planning 65, 128
Master of City Planning/Developing Areas

Option 129
Master of Engineering 65
Master of Engineering in Aeronautics and

Astronautics 141
Master of Engineering in Electrical Engineering

and Computer Science 162
MASTER OF SCIENCE IN

Aeronautics and Astronautics 141
Architecture Studies 124
Building Technology 91
Ceramics 171
Chemical Engineering 147
Chemical Engineering Practice 147
Chemistry 241
Civil and Environmental Engineering 154
Earth and Planetary Sciences, in Meteorology,

or in Oceanography 245
Economics 201
Electrical Engineering and Computer Science

166
Health Sciences and Technology 266
Management 230
Management and Engineering 172, 231
Management of Technology 105, 141, 147,

157, 172, 186, 192, 232
Materials Science Engineering 172
Mechanical Engineering 179
Metallurgy 171
Meteorology, Oceanography, or Earth and

Planetary Sciences 245
Mineral Resources Engineering and

Management 106

Nuclear Engineering 185
Ocean Systems Management 192
Operations Research 108
Physics 257
Political Science 221
Polymers 171
Real Estate 96
Technology and Policy 113, 141, 147, 157,

172, 186, 192
Transportation 97, 155, 192
Urban Studies and Planning 126
With and Without Specification 65

MASTER'S DEGREE(S)
and Bachelor's Degree Program, Combined

178
and Bachelor's Degrees, Simultaneous Award

of 62
General Requirements for 65
in City Planning and Architecture,

Simultaneous 65, 129
in City Planning and Real Estate

Development, Simultaneous 65, 129
in City Planning and Transportation,

Simultaneous 129
in City Planning, Five Year Option 128
Simultaneous Award of Two 66

Materials, Structures and 139
Materials Engineer 171
Materials Engineering, Master of Science in 171
Materials Processing Center 105
Materials Science 171
MATERIALS SCIENCE AND ENGINEERING

Bachelor of Science in 169
Center for 95
Department of 166
Doctor of Philosophy and Doctor of Science

in 171
Master of Science in 172
Minor in 38, 170
subjects in 30D

MATHEMATICS
and Computer Science 251
Applied 250, 252
Bachelor of Science in 249
Department of 248
Doctor of Philosophy and Doctor of Science

in 252
Minor in 38, 252
Pure 251, 252
subjects in 180D
Theoretical 250
with Computer Science, Bachelor of Science

in 251
Meal Plans, Dining Locations and 26
Mechanical Behavior of Materials Laboratory

176
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MECHANICAL ENGINEERING
Bachelor of Science in 177
Department of 173
Design 175
Doctor of Philosophy and Doctor of Science

in 179
Engineer's Degree in 179
Master of Science in 179
Minor in 38, 178
Research Laboratories and Programs in 176
subjects in 19D

Mechanics and Materials 175
Mechanics and Physics of Fluids 139
Media Arts and Sciences, Program in 119
Media Arts and Sciences, Subjects in 254D
Media Laboratory 105, 119
Media Studies, Film and 195
Medical Physics, Doctoral Program in Medical

Engineering and 260
Medical Services 30, 58, 70
Medieval Studies, Ancient and 195
Metallurgical Engineer 171
Metallurgy 171
Metallurgy, Master of Science in 171
Meteorology and Physical Oceanography,

Center for 246
Meteorology, Oceanography, or Earth and

Planetary Sciences, Master of Science in 245
Michigan-Dartmouth-MIT Observatory 90
Microbiology/Genetics 238
Microelectronics, Surface Science and 147
Middle East Program 105
Military Science, Subjects in 278D
Mineral Resources Engineering and

Management 106
Mining and Mineral Resources Research

Institute 106, 157
MINOR IN, MINOR PROGRAM

African and African Diaspora Studies 38, 197
Anthropology/Archaeology 38, 203
Architecture 38, 122
Biology 38, 237
Chemistry 38, 240
Civil Engineering 38, 153
Cognitive Science 38, 263
Earth, Atmospheric, and Planetary

Sciences 38. 245
East Asian Studies 38, 197
Economics 38, 200
Environmental Engineering Science 38, 153
European Studies 38, 197
Film and Media Studies 38, 195
Foreign Languages and Literatures 38, 204
French 38, 205
German 38, 205
History 38, 206

History of Art and Architecture 38, 122
Humanities, Arts, and Social Sciences

Field 38
Latin American Studies 38, 197
Literature 38, 208
Materials Science and Engineering 38, 170
Mathematics 38, 170
Mechanical Engineering 38,178
Middle Eastern Studies 38, 198
Music 38, 209
Philosophy 38, 216
Political Science 38, 220
Psychology 38, 262
Russian Studies 38, 198
Science, Engineering, or Architecture

Field 38
Science, Technology, and Society 38, 223
Spanish 38, 205
Theater Arts 38, 210
Urban Studies and Planning 38, 126
Women's Studies 38, 196
within Doctoral Degree 67
Writing 38, 211

MIT
Black Student Union 23
Dance Program 24
History of 2
Japan Program 106
Museum and Historical Collections 25
Overview 2
Press 15
Program for Senior Executives 224
Program on Technology, Business, and the

Environment 106
Shakespeare Ensemble 24
Student Blue Cross and Blue Shield Hospital

Insurance 31
Student House 26
Supercomputer Facility 15

Molecular Structure, Biophysical Chemistry and
238

Motor Vehicles 85
Museum, MIT Historical Collections and 25
Music 24
Music and Theater Arts 209
Music, Bachelor of Science in 209
Music, Minor Program in 209
Music, Subjects in 221D
Musical Theater Guild 24

N
Nautical Galleries, Hart 25
NAVAL

Construction and Engineering 191
Engineer 192

ROTC Program 42
Science, subjects in 278D

Neurobiology 238
Nominations Committee 22
Nondiscrimination, Statement of 1, 41
Non-Resident Doctoral Thesis Research Status

67
Nuclear and Particle Theory 257
NUCLEAR ENGINEERING

Bachelor of Science in 183
Department of 181
Doctor of Philosophy and Doctor of Science

in 186
Engineer's Degree in 186
Master of Science in 185
subjects in 232D

Nuclear Reactor Laboratory 107, 186
Nuclear Science, Laboratory for 103
Nuclei and Particles, Division of 257

0
Observatories and Facilities, Astronomy and

Astrophysics 90
Observatory, Haystack Radio 90
Observatory, Michigan-Dartmouth-MIT 90
Observatory, Wallace Geophysical 115
OCEAN ENGINEERING

Applied Ocean Science and 267
Combined Bachelor's and Master's Degree

Program 190
Department of 188
Doctor of Philosophy and Doctor of Science

in 191
Engineer, Naval 192
Engineer, Ocean 192
fields of specialization 191
Minor in 38, 191
Naval Architecture and Marine Engineering,

Master of Science in 191
subjects in 124D

OCEANOGRAPHY
and Applied Ocean Science and Engineering,

with Woods Hole Oceanographic Institution,
Joint Program in 67, 107, 148, 157, 166,
192, 238, 245, 267

and Oceanographic Engineering 107
Center for Meteorology and Physical 246
Doctor of Philosophy and Doctor of Science

245
Meteorology, or Earth and Planetary Sciences,

Master of Science in 245
Ocean Systems Management 192
Ocean Systems Management, Master of

Science in 192
Office of Sponsored Programs 16
Operations Research Center 107
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Organization of the Graduate School 64
Organization, Administrative 16
Organizations and Research Facilities,

Interdepartmental 88

p
Parent Loan Plan 59, 60
Parenting Resources, Child Care and 29
Pass/No Record Grading 36
P/D/F Option, Junior-Senior 37
Payment Plan, Bursary 59, 71
Payment of Tuition and Other Charges 59, 71
Philosophy, Bachelor of Science in 216
Philosophy, Doctor of Philosophy in 217
Philosophy, Minor Program in 38, 216
Physical Education Requirement 52
Physical Oceanography 267
Physical Oceanography, Center for Meteorology

and 246
PHYSICS

Bachelor of Science in 255
Department of 254
Doctor of Philosophy and Doctor of Science

in 257
Master of Science in 257
Minor in 38, 256
Requirement 52
subjects in 76D
with Electrical Engineering 256

Planning and Policy, Environmental 129
Planning, Bachelor of Science in 126
Planning, Master of Science in Urban Studies

and 126
Plasma Fusion Center 108
Plasma Physics, Condensed Matter, Atomic

and 257
Policies and Procedures, Institute Regulations

81
POLITICAL SCIENCE

Accelerated Master of Science in 221
Bachelor of Science in 220
Department of 219
Doctor of Philosophy in 221
Master of Science in 221
Minor Program in 38, 220
subjects in 168D

Polymers 147
Polymers Laboratories, Fibers and 176
Polymers, Master of Science in 171
Polymer Science and Technology, Program in

109
Pornography, Institute Policy on 82
Power Engineering 109
Prelaw Education 40
Premedical Education 40

Preprofessional Advising, Office of Career
Services and 28, 40

Privacy of Student Records 84
Professors, Institute 19
PROGRAM(S), PROGRAM FOR, PROGRAM

IN, PROGRAM ON
Academic 14, 34
Aga Khan, for Islamic Architecture 119
Biomedical Sciences 265
Cooperative 58, 70
Decision Sciences 98
Defense and Arms Control Studies 98
Departmental 3, 14, 34, 110
Double Competence in Humanities/Social

Science and Science/Technology 110
Environmental Engineering Research and

Education 109
Executive Education in Management 232
Integrated Studies 101, 195
Leaders for Manufacturing 104, 172, 231
Management of Technology 105
Media Arts and Sciences 105
Middle East 105
MIT Japan 106
Pharmaceutical Industry, the 110
Polymer Science and Technology 109
Science, Technology, and Society 111, 222
Senior Executives, MIT 232
Special, for Urban and Regional Studies 130
Special, Subjects in 260D
Technology, Business, and the Environment,

MIT 106
Two Bachelor's Degrees 37

Project Interphase 55
Propulsion and Energy Conversion 140
Psychology 196, 89D
Psychology, Minor Program in 262
Publications, Student 23
Pure Mathematics 251, 252

R
Radiological Science, Doctoral Program in

258, 265
Reacting Gas Dynamics Laboratory 176
Reaction Engineering, Catalysis and 146
Real Estate 129
Real Estate, Center for 96, 119
Real Estate, Master of Science in 96
Real Estate, Simultaneous Master's Degrees in

City Planning and 129
Recommendation, Letters of 85
Records, Privacy of Student 84
Registration Procedures 76
Registration, Charges for Late Changes in

59, 71
Registration, Undergraduate, Light-Load 77

Regulations, Academic Procedures and Institute
74

Regulations, End-of Term 80
Regulations, Institute 81
Religious Observances, Institute Policy on

Student Absence for 81
Religious Organizations 22
REMERGENCE Laboratory 155
REQUIREMENT(S)

Biology 46
Calculus 46
Chemistry 46
for Advanced Degrees, Undergraduate 68
for Graduate Degrees, General 65
General Institute 45
Humanities, Arts, and Social Sciences 47
Laboratory 51
Physical Education 52
Physics 46
Residence 65
Restricted Electives in Science and
Technology (REST) 50
Science 46
Writing 46

Research and Teaching Assistantships 73
Research Development, Office of the Dean

School of Architecture and Planning 110
Research Facilities, Interdepartmental

Organizations and 88
Research Institute, Mining and Mineral

Resources 106, 157
Research Laboratory of Electronics 110
Research Room, Women's Studies 39, 115
Research Staff Members, Graduate Student

Status for 69
Residence/Orientation Week 26
Residence Requirements 65
Resources, Educational 15
Restricted Electives in Science and

Technology (REST) 50
Room and Board 25, 58, 71
ROTC Programs 41
Rules of the Faculty 16
Russian. See Subjects in Foreign Languages

and Literatures
Russian Studies 196

S
SCHOOL OF

Architecture and Planning 118
Architecture and Planning, Research

Development, Office of the Dean 110
Chemical Engineering Practice 144
Engineering 132
Humanities and Social Science 193
Management, Sloan 225
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Science 233
School-Wide Electives in Engineering 134,

272D
Science Distribution Requirement. See

Restricted Electives in Science and
Technology (REST)

Science/Technology, Programs for Double
Competence in Humanities/Social Science
and 110

Science Requirement 46
Science, School of 233
Science, School of, Interdepartmental

Laboratories in the 234
Science, Technology, and Society, Bachelor of

Science in 223
Science, Technology, and Society, Minor

Program in 223
Science, Technology, and Society, Program in

111, 222
Science, Technology, and Society, Subjects in

265D
Sciences, Biomedical 265
Sea Grant College Program 111
Seminars, Lectures, and Films 22
Seminars, Undergraduate Seminar Program and

Freshman Advisor 37, 114
Senior Executives, MIT Program for 232
Services, Student 28
Shakespeare Ensemble, MIT 24
Single Student Housing, Graduate 27
Single Student Housing, Undergraduate 25
Sloan Automotive Laboratory 176
Sloan Fellows Program, Alfred P 232
Sloan School of Management, Alfred P 225
Social Council 22
Social Science, School of Humanities and 193
Social Sciences, Humanities, and the Arts

Requirement 47
Sororities, and Independent Living Groups,

Fraternities 26
Space Grant College Program 112
Space Research, Center for 96
Spanish. See Subjects in Foreign Languages

and Literatures
Spanish Studies, Bachelor of Science in Foreign

Languages and Literatures 205
Special Interest Groups 23
Special Loan Funds, Graduate 73
Spectroscopy, George R. Harrison Laboratory

for 112
Sports. See Athletics
Statement of Disciplinary Committee

Procedures 83
Statistics 113
Structures Laboratory 155
Structures and Materials 139

STUDENT

Absence for Religious Observances, Institute
Policy on 81

Activities, Association of 22
Center Committee 22
Directory, Privacy of Information 84
Employment 60, 69, 73
Family Housing 28, 29
Government, Graduate 22
Government, Undergraduate 22
Health Program 30
House, MIT 26
Information Processing Board 22
Publications 23
Records, Privacy of 84
Records, Review of 84
Services 28
Status at MIT, Procedures for Retention of 76

Study at Other Universities 43, 67
Subject Credits and Designations 76
Subjects, Guide to 3D
Subjects, HASS Distribution 48
Subjects, Elective 49
SUBJECTS IN

Aeronautics and Astronautics 157D
Aerospace Studies 278D
Anthropology/Archaeology 193D
Applied Biological Sciences 192D
Architecture 38D
Biology 71D
Brain and Cognitive Sciences 85D
Chemical Engineering 90D
Chemistry 49D
Civil and Environmental Engineering 4D
Earth, Atmospheric, and Planetary Sciences

.11D
Economics 132D
Electrical Engineering and Computer Science

54D
Engineering School-Wide Electives 272D
Foreign Languages and Literatures 197D
Health Sciences and Technology 247D
History 208D
Humanities 193D
Linguistics and Philosophy 240D
Literature 216D
Management 139D
Materials Science and Engineering 30D
Mathematics 180D
Mechanical Engineering 19D
Military Science 278D
Music 221D
Naval Science 278D
Nuclear Engineering 232D

Ocean Engineering 124D
Physics 76D
Political Science 168D
Science, Technology, and Society 265D
Special Programs 260D
Technology and Policy 275D
Theater Arts/Dance 226D
Toxicology 273D
Urban Studies and Planning 99D
Writing and Humanistic Studies 228D

Supercomputer Facility, MIT 15
Surface Laboratory 176
Surface Science and Microelectronics 147
System Dynamics Group 113
Systems and Control Science 103
Systems, Computers, and Control 176

T
Talbot House 23
Tang Hall 27
Teaching and Research Assistantships 73
Teaching Certification 40
TECHNOLOGY

Accreditation Board for Engineering and 133,
137, 144, 153, 162, 169, 177, 183, 189, 190

and Development Program 113
and Policy Program 113
and Policy, Master of Science in 113, 141,

147, 157, 172, 186, 192
and Policy, subjects in 275D
and Society, Program in Science, 111, 222
Children's Center 29
Community Association 23
Community Women 23
Health Sciences and 100
Policy, and Industrial Development, Center for

97
Test of English as a Foreign Language (TOEFL)

56, 69
Theater 24
Theater Arts and Dance 210
Theater Arts and Music 209
Theater Arts/Dance, Subjects in 226D
Theoretical Mathematics 250
Theoretical Physics, Center for 257
Thermodynamics, Transport Processes and

146
Thesis 66, 67
Toroidal Confinement Division 108
Toxicology, Doctoral Program 259
Toxicology, Subjects in 273D
Traineeships, Fellowships and Scholarships 72
Transcripts and Grade Reports 77
Transport Processes and Thermodynamics 146
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and Planning 129
Master of Science in 97, 155, 192
Program in Mechanical Engineering 176
Simultaneous Master's Degree in City

Planning and 129
Studies, Center for 97, 155
Systems Division 155

Tufts University 67
Tuition and Fees 58, 70
Tuition and Other Charges, Payment of 58, 71
Two Bachelor's Degrees, Program for 37
Two Master's Degrees, Simultaneous

Registration for 65

U
UNDERGRADUATE

academic standards 78
admissions, international. See Admissions
Association 22
education at MIT 32
Education and Student Affairs, Dean for 16
interdepartmental opportunities 88
Projects Laboratory 137
Requirement for Advanced Degrees 68
Research Opportunities Program (UROP) 39,

114
Seminar Program and Freshmen Advisor

Seminars 37, 114
single student housing 25
Student Government 22
students, costs for 58

Unified Engineering 137. For a candid
student's eye view, see page 117.

URBAN STUDIES, URBAN STUDIES AND
PLANNING
Bachelor of Science in 126
Department of 125
Developing Countries and Regional Policy

129
Doctor of Philosophy in 129
fieldwork and internships in 129
Master of Science in 126
Minor Program in 38, 126
subjects in 99D

UROP (Undergraduate Research Opportunities
Program) 39, 114

V
Vibrations Laboratory, Acoustics and 176
Visiting Committees 16
Visual Arts Center, List 25

W
Wallace Astrophysical Observatory 90
Wallace Geophysical Observatory 115
Water Resources and Environmental

Engineering Division 155
Water Resources and Hydrodynamics, Ralph M.

Parsons Laboratory for 155
Water Resources Systems, Hydrology and 156
Wellesley-MIT Exchange Program 44, 67
Westgate 28
Whitaker College of Health Sciences and

Technology 258
Whitehead Institute for Biomedical Research

115
Women's Independent Living Group 26
Women's Studies, Minor Program in 38,196
Women's Studies, Program in 39, 115, 197
Women's Studies Research Room 39, 115
Woods Hole Oceanographic Institution 67, 107,

267
Woods Hole Oceanographic Institution, Joint

Program in Oceanography and Applied
Ocean Science and Engineering with 67,
107, 148, 157, 166, 192, 238, 245, 267

Work-Study, College 60
WRITING

and Humanistic Studies, Program in 211
Bachelor of Science in 211
Center 212
Minor Program 38, 211
subjects in Program in Writing and

Humanistic Studies 228D
Requirement 46
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Cover Photography
Harold E. Edgerton, J. Kim Vandiver

The richly colored photographs on the front and
back covers of the catalogue are as compelling
aesthetically as they are unique technically.
They represent the work of J. Kim Vandiver,
Professor of Ocean Engineering and Director of
the Edgerton Center. Vandiver captured the two
images of the sparkler -as it is lit and then
begins to flare -while working as a teaching
assistant for Professor Harold E. ("Doc")
Edgerton in the early 1970s. Vandiver's
contribution to Edgerton's stop-motion
photography techniques was to adapt one of
the many flash lamps devised by Edgerton to
an optical system called the schlieren
interferometer in order to photograph
short-duration transient events. First used in
1864 and first used with color in 1934, Schlieren
techniques provide the means to discriminate
the refraction of light as it enters a region of
varying density in transparent liquids or gases.

Vandiver explains: "The potential subjects for
color schlieren photography include most
events that cause a change in the refractive
index of a transparent medium. Such
phenomena as the heat from a candle, the
streamers in a soap bubble or the shock waves
from a bullet, a firecracker or an electric spark
can be photographed in strong, saturated color.
The gradients of the refractive index can be
deduced from the colors. The technique is
sufficiently sensitive to reveal the heated air
flowing upward from a hand.

"Most photographs of this kind that have been
published feature the flow of compressed air in
supersonic wind tunnels. The steadiness of the
conditions in a tunnel test allows long
exposures. The shock waves from a bullet or an
electric spark require exposures of less than a
millionth of a second. The combination of a
color schlieren system and a high-intensity,
submicrosecond flash lamp enables one to
make striking photographs of many previously
unseen phenomena, such as a bullet
penetrating a soap bubble or a candle flame, a
shock wave expanding at the rate of a mile per
second from an underwater spark discharge
and the vortex shed by the blade tips of an
electric fan turning at 1,200 revolutions per
minute."
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