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An MIT Education
for Our Times

Earlier In this century people looked to science
and technology to light the path of progress.
This is no longer the case. That early, and
somewhat naive, optimism has been replaced
by a skeptism and by an alarming decline in
sWienii literacy in this country. This decline
reflects, In part, the difficulty of keeplng up
with fields which grow and change with aston-
ishIng speed. But there is also, among the
pubIc, an ignorance, wariness, and dicomfort
about most things scientific and
technological. ...

It is clear, however, that the futurd develop.
ment not only of this nation, but of the world,
Is Inexorably tied to continued scienific prog-
rem and to the humane and thoughtful appli-
canons of science. What Is needed Is not a
retreat from science and technology, but a
more complete science and technoicy.

We must strive to develop among ourselves,
among our students, and In the public at large,
an understanding of the fact that engineering
and science are, by their very nature, human-
istic enterpises.

Scientific Inquiry is, at once, a most natural
and highly reined expression of the human
mind and sprit. it is derived from native curi-
oety about the nature of our world and about
the universe, and it results In speculations and
concepts which help to give meaning and or-
der to that world. Engineering and technology
are both natural and socially derived enter-
prises. They offer suggestions of agenda -
on goals and priorities - for aclarlilo inquiry
... Ul1mately, I believe, this inquiry and
these enterpises must rest where they begin,
with conoen for the human condition.

The attention to the humanistic elements and
the human consequences of all that we do
must be broadly shared. For, not only do we
need a more complete science and technol-
ogy, but we need to understand - and to en-
gage - the larger social, cultural, and
historcal domains of which they are a part.
We must continue to be a sanctuary for the
constructive citicism of the technological on-
terpdse and of the larger society. These pdn-
ciples must be bult into the academic
programs of our students - both undergrad-
uate and graduate - and they must be re-
flected In the lives and activities of all who
choose to be a part of this Institution....

For over a century, MIT has been a place
where exceptional people from all walks of life
come together to work and to study. As such,
MIT has a responsibility to itself and to the na-
tion to be open - and to reach out - to the
most talented and promising people, regard-
isse of race or sex. .. .For the sake of MIT,
and for the world we help to build, we would
do well to share the vision of Margaret Mead,
articulated nearly 50 years ago, but no less
relevant today:

It we are to achieve a icher culture, rich In
contrastng values, we must recognize the
whole gamut of human potenaltNe, and so
weave a less arbtrary soclsl fabic, one In
whIch each diverse human gift will Und a ftng
place.

From the Inaugural Address of
Paul E. Gray
President
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This Is MIT

An Overview

On February 20, 186, four years after
approval of its founding charter, the
Massachusetts Institute of Technology opened
its doors to admit the first class of 1 stu-
dents. The event marked the culmination of an
effort by Willam Barton Rogers, MIT founder
and first president, to create a new kind of ed-
ucatlonal institution relevant to the times and
to the nation's need, where students would be
educated in the application as wall as the ac-
quisition of knowledge. A distinguished natural
scientst, Rogers stressed, too, the importance
of basic researth, and believed that profes-
slonal competence was best fostered by the
coupling of teachirng and research and atten-
tion to real-world prtoblems.

Today, education and related research con-
tinue to be MIT's central purpose, with rele-
vance to the practical wrld as a guiding
principle. The Institute Is an Independent, co-
educational, privately endowed university. It is

broadly organized Into five academic Schools
- Architecture and Planning, Engineering,
Humanities and Social Science, Management,
and Science - and the Whitakar College of
Health Sciences, Technology, and Manage-
ment. Within thaw Schools and the College
are 22 academic departments, as well as
many Interdepartmental laboratories, centers,
and divisions which extend beyond the tradi-
tional departmental boundaries.

MITs total enrollment is approximately 9,500,
almost evenly divided between undergraduate
and graduate students. In 1985-6, MIT stu-
dents came from all 60 states and the Distdit
of Columbia, Puerto Rico, the Vin Islands,
Guam, and 97 foreign countries. propor-
tion of International students at the Institute,
about 20 percent, Is one of the highest In an
American university.

The MIT faculty numbers approxImately 1,000.
with a total teaching staff of just under 1,g00.
Most faculty appointments are In one or more
of the academic departments, but faculty
members also work In the many Interdepart-
mental laboratories, centers, and dMsions.
Most faculty at MIT teach both graduate and
undergraduate students. Undergraduates often
register for graduate daes; many under-
graduates and all graduate students partici-
pate, often together, In advanced research.

This intermbn of ages, discipines, and
nationalities, whloh is characteristic of MIT,
deeply Influences the life and experience of
every member of the academic community,
bringing together students and teachers, biolo-
gists and architects, humanists and engineers,
young and old. The result is an academic en-
vironment with a sn focus on excelience
and a diverse range of Interests.
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The Academic Program

The purpose of the academic program at MIT
Is to give students a sound command of basic
principles, a versatility of insight and perspec-
tive concerning natural and social phenomena,
the habit of continued learning, and the power
that comes from a thorough and systematic
approach to leaming. 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 all MIT educational
programs are teaching and research. Both of
thee activities carried on together have
greater power than either performed alone.
While advancing human knowledge and un-
derstanding, research makes special contribu-
tions to the Institute's educational program. It
provides experience in both theory and experi-
ment for students and faculty, and ensures
that classroom teaching is up to date. Teach-
ing, at the same time, provides a setting in
which the relevance, accomplishments, and
vitality of research are continually clarified and
assessed.

Each of the 22 academic departments offers
one or more degree programs or Courses1 of
study. By and large, students pursue a degree
in one of the departments. Degrees are
awarded on the basis of satisfactory comple-
tion of requirements In each program. Descrip-
tions 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 departments. The various Schools
and Departments are listed as follows:

School of Architecture and Planning
Architecture
Urban Studies and Planning

School of Engineering
Aeronautics and Astronautics
Chemical Engineering
Civil Engineering
Electrical Engineering and Computer

Science
Materials Science and Engineering
Mechanical Engineering
Nuclear Engineering
Ocean Engineering

School of Humanities and Social Science
Economics
Humanities
Unguistics and Philosophy
Political Science

Sloan School of Management
Management

School of Science
Applied Biological Sciences
Biology
Chemistry
Earth, Atmospheric, and Planetary

Sciences
Mathematics
Physics

Whitaker College of Health Solenoes,
Technology, and Management
Brain and C initive Sciences

The academic programs of both undergradu-
ate and graduate students are based upon a
core of general Institute and departmental re-
quirements. There Is enough flexibility, how-
ever, to allow each student, in collaboration
with a faculty advisor, to develop an individual
pogram In response to his or her own inter-
eats and preparation. For example, there is a
growing number of students who concentrate
their studies in areas that cross departmental
lines. Among these are programs In fields
such as planetary and space science, commu-
nications, environmental studies, health
sciences and technology, visual arts, transpor-
tatlon, urban studies, energy, and many oth-
ers, which are described in Chapter VI.

Undergraduate Courses at MIT lead to the de-
gree of Bachelor of Science (S.B.). Graduate
degrees awarded Include Master of Architec-
ture (M.Arch.), Master of Science (S.M.), Mas-
ter in City Planning (M.C.P.), Engineer (each
degree designates the field in which it Is
awarded),' Doctor of Philosophy (Ph.D.), and
Doctor of Science (Sc.D.).

For most undergraduates, degree-granting
programs, Including those which 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-
atioh of Schools and Colleges. Information
about accreditation by specific professional or-
ganizations is listed within Chapter VII of this
catalogue.

1
At the Inelltule the cepitalled word Course refers to an
oganized curriculum leading toa specified degree. The
loweroased word course or sublect, on the other hand, refere
to the Indvdual Olassee. Each Coure is designated by a
foman numeral; indvidual subjects we given Arabic
numerale to conspond with the Course number. For
exampie, Course I and Course I-A we curricue in CMi
Engineering: the number 1.06 IndIcates a eublaot given in
CI EngineerIng. The Dopariment of Clvi Engineerng se a
whole can also be relerred to n Course I or Course 1.
Engnee degrees includet Chemical Ernee (Chem.E.). CMv
Enginee (C.E.). Eloeal Eger (EXE), Engineer in
Aeronautics and A1roneAulcas (EAA.), Environmental
EngIner (En.E.), Mat Engineer (Mat.E.), Meni
Engiee (Mech.F.), Iwliurgioal Enginer (MaL.), N"y5
Engineer (tlav.E.), Nucier Enginee (Nud.E.) oea

galee (Ocean E.).

,"~ .~ *
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Academic Calendar

The academic calendar provides a frame-
work for educational programs and cultural
events, and generally Influences the pat-
tems of campus life. At MIT the fall term
starts shortly after Labor Day and ends be-
fore Christmas, and the spdng term starts
the first full week In February and enda in
mid-May.

The January independent Activities Period
(IAP) provides a significant dimension to edu-
cational activities. The time during IAP may be
devoted to research, study In a field of the
student's Interest, trayel, relaxation, or investi-
gation of new areas of Interest. During this
time more than 500 special activities, including
films, field trips, seminars and lectures, Indi-
vidual projects, and intensive subjects and
workshops, are offered on the campus. There
are also numerous off-campus activities, in-
cluding field trips and academic projects
abroad.

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

1986
August

8 Last day to petition for September
Advanced Standlng Exam and to
return application card for
Postponed Finals

11 Payment for first term due

27 Transfer Student Orientation Week
begins

29 Freshman Orientation Week
begins

September

1 Labor Day (Holiday)

2 Graduate Student Orientation
Week begins

2-3 Advanced Standing Exams and
Postponed Finals

2-4 Intemational Open House

8 Registration Day

9 First day of classes

26 Application for advanced degrees
In February due In Registrar's
Office, E19-335. $20 fee after this
date.

October

10 Add Date. Last day to add
subjects to registration. $20
processing charge for any add
allowed after this date. Last day
for juniors and seniors to change
an elective to or from P/F grading.

13-14 Columbus Day Vacation

15 Automatic withdrawal date for
students not having completed six
steps of registration

17 Deadline for students to tum in
Freshman Evaluation Forms

22 Deadline for Instructors to tum in
Freshman Evaluation Forms

November

11 Veterans Day (Holiday)

21 Last day to petition for December
Advanced Standing Exam

21 Drop Date. Last day to cancel
subjects from registration.
Undergraduales must peton to
Committee on Academic
Performance; graduates must
petition to Committee on Graduate
School Policy for a cancellation
after this date. $20 processing
charge for any drop allowed after
this date.

27-28 Thanksgiving Vacation

December

1-2 Second-term registration material
available in Building 10 Lobby

5 Last day for changing thesis titie.
$20 fee after this date.

11 Last day of classes

12 Deadline for students to tum in
Freshman Evaluation Forms

1N9 Final exam period

19 Registration material for second
term due In Registrars Office,
E19-335. $20 fine for registration
received after this date.

20 Christmas Vacation begins
(through January 4)

30 Deadline for Instructors in turn in
Freshman Evaluation Forms
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1987

January

4 Last day of Christmas Vacation

5 First-term grade reports mailed

5 First day of independent Activities
Period

9 Doctoral theses due for January

12 Payment for second term due

16 Theses, other than doctoral, due
for January

16 Last day to go on or off February
degree list

16 Last day to petition for February
Advanced Standing Exam and to
return application card for
Postponed Finals

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

28 Last day of Independent Activities
Period

29 Vacation begins (through
February 1)

February

1 Last day of vacation

2 Registration Day

3 First day of classes

5 Grade reports for January period
mailed

7 Advanced Standing Exams and
Postponed Finals

16-17 Washington's Birthday Vacation

20 Application for advanced degrees
In June due in Registrar's Office,
E19-335. $20 fee after this date.

March

6 Add Date. Last day to add
subjects to registration. $20
processing charge for any add
allowed after this date. Last day
for juniors and seniora to change
an elective to or from P/F grading.

9 Automatic withdrawal date for
students not having completed six
steps of registration

20 Deadline for students to turn in
Freshman Evaluation Forms

23-27 Spring Vacation

30 Deadline for instructors to turn In
Freshman Evaluation Forms

April

10 Last day for changing doctoral
thesis title. $20 fee after this date.

17 Summer session registration
material available in Registrar's
Office, E19-335

20-21 Patriots' Day Vacation

24 Drop Date. Last day to cancel
subjects from registration.
Undergraduates must petition to
Committee on Academic
Performance; graduates must
petition to Committee on Graduate
School Policy for a cancellation
after this date. $20 processing
charge for any drop allowed after
this date.

24 Last day to petition for May
Advanced Standing Exam

May

1 Doctoral theses due for second
term

1 Summer session registration
material due in Registrar's Office,
E19-335

4-5 First-term registration material
available in Building 10 Lobby.
Reference copies of new subject
descriptions available in
departmental headquarters,
libraries, and the Information
Center.

8 Theses, pther than doctoral, due
for secoid term

14 Last day of classes

15 Last day to go on or off degree list

18-20 Final exam period

21 Registration material for continuing
students due in Registrar's Office,
E19-335. $20 fine for any
registration received from
continuing students after this date.

25 Memorial Day (Holiday)

June

1 Commencement exercises

1 Second-term grade reports mailed
to home address

8 Summer Session begins (through
August 19)
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Educational Resources

A special feature of educaton at MIT Is the
nfor students ad faculty to partil-

In research activiles. The In*
tute devotes substantial resources of its own
to such undertakings and recevee substantial
grants from both industry and government in
support of such work.

MIT has unusual faclities for this research,
some of which are unique among educational
Instutions. There are more than 70 special
laboratories on the campus. In general, the In-
situte's polky Is to make these facilitles avail-
able to students - with the result that nearly
al of Mirs gW~rW@ are shared by under-
graduate, gra te students, and faculty
members working together In close collabora.
ion on ongoing projects.

Many of these research facilities are described
In the catalogue by the departments which
operate them. In addition to laboratories orga-
nized within departments, there Is a large
number of Interdepartmental laboratories and
centers, established to facIltate work in fields
which cross the ines of traditional discipines.
Undergraduate and graduate Interdepartmen-
tal opportunities and major Interdepartmental
organizations and research facilities are de-
scribed In Chapter VI.

Ubrarles

Supporting both the teaching and research
actMtes at the Institute are the MIT Ubraries,
with holdings of 2 miion volumes. More than
20,000 current joumale and periodicals and
extensive back dies provide comprehensive
resources in all maor fields. Thes are en-
rdched by numerous special collectors,
Including microfiche, sides, ,
photographs, and maps. Through M s mem-
bership In the Boetpn Ubrary Consorum,
graduate students, faculty members, and
research staff have access to extensive
research oollections outside the Institute.

The Ubrary system, with hiadquarters In the
Charles Hayden Memorial Ubrary bulding, In-
cludes libraries for each of the Institute's fve
Schools and the Whitaker College, with sev-
eral branches and reading rooms: the Rotch
Ubrary of Architecture and Planning (with a
separate Skidmore Room for visual colleo-
tions); the Dewey Ubrary (economics, Indus-
trial management, Industrial relations, and
political science); the Barker Engineering U-
brary (with a separate Aeronautics and Astro-
nautcs Ubrary); the Humanities Ubrary (with a
Music Ubrary and a Reserve Book Roum); the
Science Ubrary (with the Undgren Ubrary for
the earth and planetary sciences and Chemis-
try Reading Room); the Schering-Plough U-
brary for the Whitaker College; the Student
Center Ubrary; the Institute Archives and Spe-
dal Collections; Rare Books; and the MIT Mu-
seum and Historical Collections.

All of the services offered by a fine research
library are avaiable: reference and Informa-
tion, Interibrary loans, bibliographic guIdance,
complete microflni and photocopying facilities,
and retrieval from machine-readable data-
bases. The Ubraries primarily serve Institute
students, faculty, staff members, and their
families. Otheis wishing to use the facilities
may apply to the Associate Director for Public
Services, Room 14S-216, for a library privilege
card.

Projeet Athena

Project Athena is a major Inttute-wide exper-
Iment to Integrate modem computer and com-
munications capabiles Into all phases of the
educaional prooess. Athen's principal goal Is
to help undergraduate students leam more
oreatively and fully In a wide range of disi-
plInes. To meet this goal, the project makes
grants of curriculum development funds to ax-
pore the potential use of computation In the
MIT curriculiUm. MIT faculty, woring with
students, are designing software toole that wiN
result In Innovative changes In the way
academic subjects are taught. During 198-8
approximately 110 subjects used the results of
these development efforts.

In large measure, Project Athena has been
made possible by major grants of equipment,
software, maintenance, and on-campus staff
support from Digital Equipment Corporation
and IBM Corporation, totalling nearly $50 mil-
lion.

There are 11 public clusters on the MIT oam-
pus. The network, when complete, will contain
approximately 1,500 work stations located In
academic facilities, laboratories, librades, and
living groups.
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rhe Lowell institute School was established'at
MIW in 1903 to provide evening Instruction in
technical subjects for residents of the Soston
area. Today the School offers subjects In the
are of modem technology which are not
readly avaiable at other evening Institutions,
at a level geared to the practicing technician
who has an Associate degree or equivalent

The programs can broaden an IndMdual's cur-
rent sidi level or prepare a technician for em-
ployment in a new fe. There is strong

e npprssuaapaspelets, oombined.with
theory to provide an adequate foun-

dation of understanding.

Subjects offered by the School do not carry
MIT credit, but certifcates are awarded to
those who complete a satisfactory program.
Further Information may be obtained by con-
tacting Dr. Bruce D. Wedlock, Director, Lowell
institute School, Room E1g-738, MIT, Cam-
bridge, Massachusetts 02139.

information Systeme 0S)

Information processing for MiTe teaching and
research programs utliaee the latest develop-
manta In computer technology, Including a
broad spectrum of u power from per-
sonal machines to arg m user ooes
systems. IS provides a ul range of support ser-
vie, Including pubic terminals, documenta-
tion, education, user-consuting, and an
extensive library of application and systems
software. In addition, there are many local de-
partmental and laboratory facilities which meet
more specialized computing requirements, and
many faculty and staff have acess to per-
Wal computers. An Increasing number of
these computers Is attached to networks
which provide convenient communlation be-
tween users and the distribution of computing
resources.

The Cfunelo for te Arts at MIT

Student activities In the art ae supported
through the Grants Program of Mfrs Counoll
for the Arts.

Founded In 1971, the Council Is a self-
supperi organiaton composed of 100 al-
umni and fed of the ois wi e Institute.
The Grants Program, administra.1 by a con-
mites, offers direct financial support to individ-
ual students, facuty, and staff, and to MIT
organotations and &AcMes, Its purpoes is to
stimulate and support ardstic atvity at the In-
sttute. Previous experience with the art Is not
neosseary; experimentaon, Interdiscipinary
projects, and broad student parwicpaton are
encouraged. Grant awards range from a few
hundred to several thousand dollars.

The Council for the Arts also Issues a calen-
dar of arts events taking place at the Institute
and a newsletter particular arts so-
tMies or IndMduals acive In the MIT arts
community, and offers technical assistance in
program planning and funding opportunities for
artists.

MWT Pres

The MIT Pres, one of the country's largest
university presses, publishes books and jour-
nals that enjoy worldwide circulation: profes-
sional, reference, and scholariy books;
graduate and undergraduate texts; and books
for g ral audiences. Books and joumals

by the Press have won many
awards, inciuding the National Book Award,
and a wkde variety of citations for graphic and
scholarly excellence.

13EdUGUa0nw lit"9uf00
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The Campus

MITe 142-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 aca-
demic actMtles 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 distinctive
Grover M. Hermann Building, which house
activities in manaement, economics, Interna-
tional studies, and political science. Adjacent
to them is Eastgate, a 29-story apartment
tower for married students. A building at 70
Memorial Driva was recently renovated, and
contains classroom and office space for the
Sloan School and the Program in Science,
Technology, and Society. Also located on this
end of campus are the buildings for the Whit-
aker College of Health Sciences, Technology,
and Management, and the Medical Depart-
ment Health Services Center, completed In
early 1982. The Whitaker College Building
houses research laboratories, classrooms, a l-
brary and reading room, and headquarters for
the College. The Health Services Center pro-
vides facilities for medical, dental, surgical and
other specialties, a pharmacy, and an infir-
mary. The newest building on campus is the
Arts and Media Technology facility, also
known as the Wiesner Building, completed in
1985. This facility houses a newly created In-
tordisciplinary laboratory called the Media Lab;
office space for the Council for the Arts

and the Committee on the Visual Arts; and the
Albert and Vera List Visual Arts Center, which
comprises three exhibition galleries and a film/-
video theatre. 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 snack bar, the gradu-
ate student pub, and student activity offices),
Hayden Library, the Camile Edouard 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 Bos-
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 Depart-
ment of Electrical Engineering and Computer
Science), the Center for Materials Science and
Engineering (the Vannevar Bush Building), the
Center for Space Research, the Sloan Labora-
tory, the Guggenheim Laboratory, and the
Center for Advanced Engineering Study.

4,

riggs Fed

41 .joMt.e'lewt~se etcww tte ~ Mms ,~wl7

XZZZ AI
M=J1ewe

Ce..... A,,

14



The Camnpus 15

Acros Massachusetts Avenue, on West Cam-
pus, Is the Student Center (the Julius Adams
Stratton building), which contains social
rooms, cafetedas, offices for student activities,
music rooms, a spacious library, and recrea-
tional and commercial facilities. The Student
Center Plaals bounded on the west by
Kresge Auditorium and on the east by the
Chapel. Both buildings were designed by Eero
Saadnen. The auditorium contains a large
concert hall seating 1,200, a little theatre, of-
floss, and rehearsal rooms. The Chapel Is
used regularly for religious services by all

faiths and Is open throughout the day for med-
Itation. The Chapel's unusual design includes
an exterior most that reflects light in changing
patterns on the Interior walls. Adjacent to the
Chapel is the Center for Advanced Visual
Studese.

Located throughout the campus is an out-
standing collection of contemporary environ-
Mental sculpture including works by,Henry
Moore, Louise Nevelson, Alexander Calder,
Pablo Plcasso, and Tony Smith. This collec-
tIon highlights the history, art, and architecture
of the Institute.

residence tower for graduate students are lo-
cated at the westemmost end of the campus.
Also on West Campus are the du Pont Athletic
Center and playing fields for soccer, lacrosse,
baseball, softball, touch football, rugby, cricket,
track, and tennis. The Athletics Center in-
cludes an ice rink and field house, and Rock-
well Cage accommodates varsity and
Intramural basketball, volleyball, and badmin-
ton. MiTe Steinbrenner Stadium Includes a
sIx-lane, 400-meter, all-weather running track,
the first of its kind in North America. The Stad-
lum also includes facilities for the steeple-
chase and field events, with a game field
Inside the track oval for intercollegiate football,

Along Memorial Drive and facing out on the soccer, lacrosse, and field hockey games.
Charles River are additional student reel-
donces, among them the serpentine Baker The Charles River Basin, which Is two miles
House, which was designed by the Finnish long and a third of a mile wide, Is a major fea-
architect Alvar Aalto. Westgate, an apartment ture of MiT's physical environment, and the
complex for married students, and the Tang Pierce Boathouse and the Waiter C. Wood

The"- -ow Sailing Pavilion provide means for extensive
activity In crew and in sailing.

Prospective students and their families are en-
couraged 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. Visitors are welcome at the
Admissions Office after the tour (Room 3-108).

I
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The Boston Environment

MIT Is In Cambridge, Massachusetts, on the
north bank of the Charles River, facing the city
of Boston. The city of Cambridge, beat known
as the residence of MIT and Harvard, l home
to many students and young professionals,
especially near the two campuses. The city
also has a strong ethnic character with tightly
knit Portuguese, Italian, and Irish neighbor-
hoods.

Within a two-mile radius of the Institute are the
Museums of Science and Fine Arts, the
Gardner Museum, the New England Con-
servatory of Music, Symphony Hall, the New
England Aquarium, and the Boston Public
Ubrary, as well as Fenway Park and Boston
Garden, arenas for professional baseball, bas-
ketball, and hockey games. Students can
travel easily to the theatre district where pre-
Broadway plays are previewed and local pro-
ductions are staged. Among the numerous

cultural organizations In the area are the Bos-
ton Symphony Orchestra, the Boston Pops,
the Boston Ballet Company, the Opera Com-
pany 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 Har-
vard University, Radcliffe College, Boston Uni-
versity, Northeastem University, Boston
College, Brandeis University, Tufts University,
Simmons College, Wellesley College, and
many specialized professional art and music
schools. The concentration of academic, cul-
tural, and Intellectual activities In the Boston
area is one of the largest In the country, and
there is an extraordinary variety of young
people, over 250,000, from all over the
country and the world.

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 fish-
Ing towns along the New England coast, and
many historical places of interest - Salem,
Sturbridge, Lexington, Concord, and Plymouth
In Massachusetts alone. The four distinct sea-
sons of New England combined with the var-
led landscape offer unlimited possibilities for
recreation - siding, mountain climbing, hiking,
selling, canoeing, kayaking, swimming, and
camping.

'U
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Organization of the
Institute

The Institute's board of trustees is known As
the Corporation, over which the Chairman pro-
sides. Its members include approximately 90
distinguished leaders of science, engineering,
Industry, and education, and (ex officio) the
President and the Treasurer of the Corpora-
tion. Between quarterly meetings the Corpora-
tion 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 respeetive professions, provide counsel
to the departments and In turn make recom-
mendations to the Corporation concerning de-
partmental activities.

The Institute's chief executive officer is the
President. In addition, senior administrative of-
ficers of the Institute include the Provost, the
Associate Provosts, and Vice Presidents. The
Provost Is the senior academic officer and has
Institute-wide responsibilities for academic
programs in education and research. In this
capacity, the Provost works closely with the
Associate Provosts and the Deans, each re-
sponsible for the undergraduate and graduate
programs in one of the five academic Schools.
The institute's 22 academic departments, each
under the leadership of a department head,
are organized within the five Schools and the
Whitaker College.

The President presides over the faculty of the
Institute, which consists of all professors, cer-
tain professors emeriti, and a number of ad-
ministrative officers (ox officlis). Officers of the
faculty are the President of the Institute, and
the Chairman, the Associate Chairman, and
the Secretary of the Faculty.

The Academic Council Is responsible for the
overall administration of the Institute. This
group consists of the senior officers, the vice
presidents, the deans, the chairman of the
faculty, and the director of libraries. Depart-
ment heads and directors of laboratories and
centers join them to form the Faculty Council.

Educational policy for the institute Is deter-
mined by the faculty. The MIT faculty meets
monthly and conducts much of its business
through a numbqe of elected standing commit-
toes. 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 coordi-
nates the work of the faculty committees. The
Chairman of the Faculty chairs the FPC.

The Dean for Undergraduate Education has
responsibilities In appraising undergraduate
education at MIT and giving impetus to new
directions and efforts. The Dean of the Gradu-
ate School Is concerned with coordinating ed-
ucational policies of the graduate programs,
and the Dean for Student Affairs is directly
concerned with all aspects of student life.

The management of research activities, which
are financed through contracts with govern-
ment and Industry, Is supported by the Office
of Sponsored Programs. The Industrial Usison
Program provides industry and other organiza-
tions access to research resources at MIT and
a means of exchanging Information with their
MIT counterparts. Through the Program, tech-
nological developments made at MIT are
transferred to Industry for commercial applica-
tion, helping to link work at the Institute to the
solution of societal problems.

The MIT Alumni Association has a compre-
hensive program for keeping some 80,000
men and women, who have studied at MIT, In-
formed of Institute affairs. For example, the
Alumni Association publishes Technology Re-
view, a nationally circulated journal of contem-
porary affais In science, architecture,
engineering, humanities, management, and
other fields represented among MIT alumni.
There are nearly 70 regional MIT clubs
throughout the world. The Alumni Fund,
through which alumni contribute to the finan-
cial mainstream of the Institute, ranks annually
among the country's most successful. Alumni
activities Include conferences, class reunions,
and seminars in Cambridge and major cities
throughout the United States, as well as a
program of communications and directories.

The Association of MIT Alumnae is an organi-
zation of former MIT women students with a
continuing interest in women currently study-
Ing at the Institute. The group maintains and
administers its own funds for special financial
aid to women students.

/ - t
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Campus Activities

Thero is much more to an MIT education than
study and research In classrooms and labora-
tories. Many activities and services are avail-
able which compemrent strictly academic
pursults, and provide numerous opportunities
for students to grow and develop new Inter-
ests. This chapter describes the range of so-
tiviies on campus; the Institute's housing and
dining programa; and the advisory, counseling,
and medical services available to students.

Undergraduale Student Government

The MIT Undergraduate Association, to which
all undergraduates belong, is the major under-
graduate governmental body. It is assisted by
a variety of committees. The Finance Board
coordinates budgets and allocates funds to
student organizatons. The Student Center
Committes helps manage the facility, develops
programs, and operates a 24-hour coffee-
house. The Student Committee on Educational
Policy proposes educational reforms and oc-
casionally publishes a course evaluation
guide. it also provides student feedback to the
departments and the Institute on Important ed-
ucational issues. The Student Information Pro-
cessing Board operates free computer
services for student use and advises on com-
puter policy at the Institute. The Association of
Student Activities coordinates programs, rec-
ognizes new activities, and allocates space.
The Nominations Committee recommends stu-
dent representatives for more than 50 faculty
and administrative committees. The Social
Committee produces the major social events
of the year, such as autumn and spring
weekends.

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

All lMng groups, both fraternities and Institute
Houses, elect governing councils, responsible
for the functioning of their houses. In addition
to sponsoring social events, these house
counciis handle all judicial matters within the
respective houses. To deal with problems of
common concern, the fraternities have joined
in the Interfratemity Conference (IFC), while
the Institute Houses have formed the DormI-
tory Council. The IFC operates a central food
purchasing agency, coordinates and super-
vises Rush Week, and works to Improve rela-
tions between fraternities and Boston's Back

Bay community by sponsoring an ares clean-
up and beautification program. The Dormitory
Council coordinates common house activities
such as freshman orientation, major social
events, and handles Inter-house judicial
problems.

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

Graduate Student Government

All graduate students are represented by the
Graduate Student Council. The Council Is
composed of elected representatives of all
Courses, Ashdown House, Tang Hall, Green
Hall, Eastgate, Westgate, and International
students. The organization encourages social,
academic, athletic, cultural, and other extra-
curricular activties; promotes closer relations
between graduate students and faculty outside
formal academic exercises; and voices Ideas
and suggestions of graduate students. The
Graduate Student Council nominates two stu-
dents to serve on the faculty Committee on
Graduate School Policy and has representa-
tion on several other standing committees of
the Institute. As a service to the graduate stu-
dent community, the Council also produces a
monthly newsletter entitled The Graduate
Student News.

Athletics

Athletics and recreation play an.lmportant role
In the lives of many students at MIT, and the
Instute encourages everyone to participate In
some type of program. Instruction is available
In a wide variety of activities, many of which
may be continued following graduation.

Last year, approximately 800 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 at-
tracts more than two-thirds of the undergradu-
ates and a significant number of graduate
students. Last yew, there were 1,180 teams
with an estimated 11,779 total participants. In
addition, MITe selling program attracts an-
other 1,500 students, faculty, staff, and
alumni, and extends saling privileges to their
families.

MIT sponsors varsity sports for men In base-
ball, basketball, crew (heavyweight and light-
weight), cross countsy, fencing, golf,
gymnastics, Indoor and outdoor track,
lacrosse, pistol, rifle, saling, siding, 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, gymnas-
tics, salling, soccer, softball, swimming, tennis,
and volleyball. Competition includes New En-
gland colleges and some Ivy League schools.
Club varsity sports Include football and men's
loe hockey.
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There are intramural programs in backgam-
mon, badminton, basketball, bowling, chess,
cross country, cycling, fencing, football, fris-
bee, hockey, pool, saling, soccer, softball (fast
and slow pitch), squash, swimming, table ten-
nIs, tennis, track (indoor and outdoor), volley-
ball, water polo, weight lifting, and wrestling.

There are 34 club sports Including archery,
badminton, contemporary dance, figuie skat-
Ing, ultimate frisbee, judo, karate, women's la-
crosse, rugby (men and women), graduate
soccer, table tennis, white-water kayaking, and
canoeing.

MIT's excellent facilities Include the Athletics
Center (with an Indoor track and ice hockey
rink), the du Pont Athletic Center, Alumni
Swimming Pool, Wood Salling Pavilion, and
Pierce Boathouse. The 20-acre Biggs playing
field include the du Pont outdoor tennis
courts and nine softball diamonds (two with
lights). The J. B. Carr Tennis Center includes
four Indoor courts. Rockwell Cage was reno-
vated to accommodate varsity and Intramural
basketball, volleyball, and badminton. Stein-
brenner Stadium features a 400-meter all-
weather track, one of the beat In the nation.

Lectures, Seminars, and Films

The Lecture Series Committee (LSC) Is a stu-
dent-run organization which brings outstanding
and controversial speakers to the campus.
LSC also has cosponsored, with MIT depart-
ments or other campus groups, events of cul-
tural, entertainment, or educational
significance. The LSC is financed by its pro-
gram of classic and current films. Films are
also presented by campus nationality groups
and the Student Center Committee.

Reigious Organisations

There are currently 14 active and long-stand-
Ing student religious organizations on campus
which are based in the Chapel and the Stu-
dOnt Center. Ministers representing the major
faiths devote all os a large part of their time to
on-campus activities, counseling individual
students, and advising student religious orga-
nizations.

In accordance with the Chapel's Interdenomi-
national 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 free-
dom for all and to provide opportunity for the
exercise of all spiritual interests.

Student Publications

Student publications at MIT include The Tech,
a student newspaper published twice weekly;
Ergo; Technique, the senior yearbook; Rune,
an annual literary magazine; How to Get
Around MIT (HowToGAMT; the MIT commu-
nity guide; and The Graduate Student News, a
publication of the Graduate Student Council.
Students may also contribute their talents to
the institute House newspapers and to a vari-
ety of departmental and organizational news-
letters.

Special interest Groups

There are more than 80 non-athletic activities
and clubs at MIT (many of them open to both
faculty and students), including the Outing
Club, the White Water Club (cance and
kayak), the Speech and Debate Society, the
FM local broadcasting station WMBR, the MIT
Society for Women Engineers, and the Stu-
dent Art Association.

Many students are actively engaged In social
service work in the Greater Boston area.
Groups such as the interfratemity Conference
and Alpha Phi Omega, the national service
fratemity, sponsor active social service pro-
grams.

In addition, MIT also has a variety of clubs
geared towards students' backgrounds and
lifestyles. The MIT Black Student Union (BSU)
runs a variety of programs in education, cul-
ture, and black students' Issues. The 21 inter-
national student clubs on campus sponsor
many prograe Including discussion groups
and social events. MiT has on active organi-
zation of gays, called Gays at MIT (GAMIT),
which organizes weekly awareness programs
and discussion groups, and sponsors social
events throughout the year. The Technology
Community Women (TCW), Is composed of
wives of MIT students, both undergraduate
and graduate, and sponsors a variety of
monthly programs as a social and service or-
ganization.

There Is a variety of dance activities and clubs
at MIT. The Folk Dance Club, the Tech
Squares, the Ballroom Dancing Club, and var-
lous foreign student groupo provide regular
opportunities for dancers at all levels of ability.
The MIT Dance Workshop presents formal
programs and supervised instruction as well
as sponsors periodic special courses by
professional dancers from the Boston ares.

Smaller interest groups Include bridge, chess,
model rocket, railroad clubs, and strategic
games.

Technology Community Association (TCA)

Managed by undergraduates, TCA conducts a
diversified program of year-round services to
the MIT community, including a book ex-
change, duplicating machines and silkscreen-
Ing facilities for student use, and an annual
blood donor drive. TCA also channels volun-
teers into urban community service projects.
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Theor" Music

A variety of theatrical performances Is pro-
sented on the campus by both student organi-
zatlons and professional groups.

Dramashop Is a student drama group which
functions under the supervision of the Director
of the Drama Program, and Includes a set and
a costume designer and a technical director.
Each year this group presents at least two
major producions of full-length plays and sev-
eral workshop productions of one-act plays di-
rected, designed, and acted by students.
Further Informatior on the Drama Program
may be found under the School of Humanities
and Social Science.

The Musical Theatre Guild presents two major
and two smaller-scale musical productions
each yew Including Tech Show, an original
student-written musical which Is usually pro-
duced in the spring term. MIT students are
given first priority In filling all manager, direc-
tor, designer, orchestra, cast, and technical
positions,

The MIT Community Players is composed of
graduate students, as well as undergraduates,
faculty, staff, and their families. Each year
they present, under professional direction,
three full-stage productions-two during the
academic year and one during the summer.

The MIT Shakespeare Ensemble, composed
of MIT and Wellesley students and a profes-
sional director, presents two main productions
each yoa and maintains an extensive reper-
tory of scenes. The Ensemble tours its fall
production throughout the Northeast and also
performs at Boston-area high schools and in-
stitutions. The Ensemble also conducts an ap-
prentice program that offers training in
Shakespearean acting.

In addition, a few undergraduate living groups
on campus occasionally produce and present
musical theatre performances.

MIT Is a musical community. It has a busy
season of musical activities and programs per-
formsd by many different musical groups, all
of which are open to both undergraduate and
graduate students. These groups Include the
Symphony Orchestra, Concert Sand, Chamber
Music Society, Festival Jazz Ensemble, Con-
cert Jazz Sand, and Gospel Choir. There are
also two a capella groups, the Logarhythms
(an all-male vocal club), and a coed popular-
music group, the Chorallarles. The Choral So-
ciety, which draws its 150 members from the
entire MIT community, performs both classical
and contemporary choral works.

These organizations give public concerts on
the campus, participate in joint concerts on
other Northeastem college campuses, and
take periodic concert tours throughout the
East and Midwest.

Chamber music groups, symphonic groups,
and concert soloists appear at the Institute
each year as part of the Humanities Series
entitled Music at MIT. Additional chamber mu-
sic concerts given by faculty and students are
regularly scheduled throughout the year. Other
professional musical events are sponsored at
the Institute by various campus organizations.

Committee on the Visual Arts

The Committee on the Visual Arts administers
a variety of programs Intended to Increase un-
derstanding and appreciation of contemporary
art and design. Exhibitions, events, artist resi-
dencies, and other special projects take place
within, or.originate and expand from, three
galleries in the new Albert and Vera Ust Vi-
sual Arts Center. The Catherine N. Stratton
and Ust Student Loan collections provide
prints on loan to students for the academic
year following an exhibition each September.
The MIT Permanent Collection of paintings,
sculpture, drawings, and photography is dis-
played In offices and public spaces throughout
the Institute end is particularly noted for out-
door sculpture and contemporary works on
paper.

Educational activities include tours, lectures,
Interdisciplinary events, and an extensive pub-
lications program In conjunction with Ust VI-
sual Arts Center activities.

The MIT Museum collects and preserves ma-
terials associated with MIT history, presents
exhibitions, and sponsors educational pro-
grams. The Museum maintains two on-
campus galleries, the Hart Nautical Galleries
and the Margaret Hutchinson Compton Gal-
lery, in addition to its main facility at 265
Massachusetts Avenue.

The Hart Nautical Collections maintain a fine
exhibition of paintings, prints, photographs,
ship plans and models, and working drawings
of yachts and small craft by well-known 20th-
century designers.

Exhibitions in the Compton Gallery Illustrate
the Institute's programs and fields of Inquiry.
Exhibitions this past year included Berenice
Abbott: Vision of the 20th Century - five dec-
ades of photographs by the renowned Ameri-
can photographer; and Piece by Piece -
architectural drawings and models by Italian
architect Renzo Piano.

Talbot House

Talbot House, an old New England farmhouse
in South Pomfret, Vermont, is administered by
the Office of the Dean for Student Affairs. it
was a gift by Laurance Rockefeller to be used
by the MIT community.

The atmosphere at Talbot House Is relaxed
and comfortable. Meals are prepared by a
staff cook and served family style. Members of
the MIT community take advantage of the
tranquility at Talbot House to retreat from the
hectic pace of city life. The most frequent visi-
tors to the house have been members of
clubs, living groups, and academic groups.
Some 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. A number of considera-
tions is weighed in determining which groups
can be accommodated.

The MIT Museum
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Housing

Undergraduate Single
Student Housing

At the undergraduate level, MIT Is essentially
a residentlal university. Of the total undergrad-
usle student body of 4,500, about 2,700 single
men and women live in the ten Insttute
Houses on the campus, and about 1,350 sin-
gle men and women are in other residence

ndn 1 fratemides, the coopers-
T dent House, and the Women's In-

dependent Lving Group. The opening of a
new undergraduate residence In 1981 now
allows for thousing of some transfer and
readmitted students.

The central purpose of the residential system
Is to provide an environment conducive to per-
sonal development as well as academic
achievement. The Institute relies greatly on
the initiative and responsibillty of both lndvd-
usl students and student government organi-
zadn In the residences.

Faculty famlies chosen for their understanding
of and deep interest in students live in each of
the Institute Houses. They are not charged
with formal academic or operational responal-
bilites; Instead, they welcome informal assool-
adons with their fellow residents. In ali of the
Institute Houses and in some fratemities,
Graduate Residents also provide personal and
academic assistance to undergraduates.

With the exception of McCormick Hall (all fe-
malet) and MacGregor House (all male), the
Insttute Houses have coeducational living fa-
olies. However, most of the coed Houses
also have "single-sex" lving areas within the
House. While we are unable to guarantee the
assignment of a freshman to any particular
House, an effort is made to assign students to
one of their top choloe. It Is also usually pos-
sible to transfer from one House to another
after the first term.

Student governing groups establish and ad-
minister House regulations and maintain so-
ooptable standards of community behavior.
Residential student govemments also organize
a wealth of social, athletio, and intellectual
programs for House members. In the institute
House system a tax determined by the reel-
dents of each House is collected by MIT and
turned over to the House government to help
support the activities. Individual fraternity
chapters have similar charges to support their
extracurricular programs.

The Institute believes that it is to the great ad.
vantage of all undergraduates who do not live
at home to reside "on campus" - that is, to
live In an institute House, one of the 31 frater-
nity residences, the Women's Independent
Living Group, or the MIT Student House.
Freshmen partiularly gain from assoclaons
with upperolass students and participation 1
residence programs. Therefore, all unmarried
freshmen who cannot commute daly from
their own homes or those of close relatives In
the Greater Boston area are required to live
on campus. Exceptions to this on-campus liv-
ing requirement may be made with the ap-
proval of the Associate Dean for Student
Affairs.

Institute Houses

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 - Ballard,
Lawrence, Cooidge, Desmond, Fisk, and
Thom, which include:

French House
German House
Russian House
Spanish House

Random Hall

Senior Houses - Ware, Atkinson, Runkie,
Holman, Nichols, and Crafts

500 Memorial Drive

Rooms in the institute Houses are engaged
for the full academic yew. For the year 1900-
87, the average rents for the Houses range
from $965 to $1,276 per term.

A student canceling a room assignment after
the stated deadline of July 11 will bechae
a canceation fee. A student wIthdrawing from
MIT during a regular term will resives a refund
based on proration of the term rental over 15
weeks of occupancy.
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Meal Plans for 199-17

The meal plano for all MIT students, graduate
and undergraduate, combine the use of points
for commons meals and cash for a Is carte
meals and snacks. This unique plan, with the
help of a transaction processor called the Vail-
Dine System, provides the students with a
wide range of options, flexibility, and financial
equity.

A students living in Houses which have din-
ing moms (Baker House, MaOGregor House,
McCormick Hall, and 500 Memorial Drive) are
required to take the following meal pian: fresh-
men "360" plan, sophomores "310" plan, ju-
nIors "20' plan, and senIors "210" plan.

The meal plans as lated are basically the
same and can be used In the "commons" din-
ing room at Baker House or at a Is carte
prices at Lobdell and 20 Chimneys In the Stu-
dent Center, Mores Hall and Pritchett in
Walker Memorial, the snack bar and dining
room at 500 Memorial Drive, and the dining
rooms In McCormick and MacGregor halls.
There will be a full refund of the unused bal-
anos on any meal plan to those students who
cancel their plan or withdraw from the Insti-
tute. The only exception will be for those stu-
dents who are required to be on a meal plan
and do not use their minimum requirement.

Detailed Information about the dining plans,
their use during IAP, the options available, the
minimum requirements, refunds, and how to
use the program is available In the Undergrad-
unge Residance book and in the Food Service
Val-Dine Office In Room E18-375.

Fratemites, Sororitles, and Independent
Living Groups

MIT recognizes a total of 35 fraternities, soror-
Ities, and Independent living groups. Twenty-
five of the are nationally affiliated frateni-
ties, two are local, five are coed - one of
which is a co-op based on financial need (Stu-
dent House) - one is all female, and two are
currently unhoused nationally affiliated wom-
en's fraternities (sororities). Thee groups are
dispersed In the Boston, Broodine, and Cam-
bridge communities. The interfraternity Confer-
ence (IFC) represents these groups In the MIT
community.

Each fratemity, sorority, and Independent liv-
Ing group Is self-goveming, manages all of Its
operations and maintenance, and develops its
academic, social, membership, recreational,
and external policies and programs. These liv-
ing situations provide a unique experience In
leadership, community planning, and group In-
teracdons.

Approximately 95 percent of the fraternity, so-
rority, and Independent lMng group freshmen
are pledged during "Residence/Orientation
Week," which Is held In September just prior
to registration. Normally, about 375 freshmen,
as well as a few upperclassmen and transfer
students, accept Invitations to join these
groups.

Plan Pioes per Term

580 Plan
480 Plan
410 Plan
360 Plan
310 Plan
g60 Plan
210 Plan
160 Plan
8200.00 Plan

$987
842
769
897
624
551
478
406
200

The Women's Independent

The WILG is a non-dormitory ing group for
women In a renovated reeidence a short dis-
tance from campus. The lving group offers a
sense of community and allows for indepen-
dence and self-governance similar to the fra-
temities. WILO is also a member of the
Interfratemlty Conference.

Coopri Living

The MIT Jiudent House Is an independent,
coeducational, cooperative living group for
financially needy students. it is owned by a
corporation of House alumni. The 30
undergraduate members maintain the resi-
dence and do all the work except for major re-
pairs. Students cooperate In the management
of the House and the academic, recreaional,
and social aspects of student If. Savings per
member are at least $800 a year. Student
House is also a member of the Interfraternty
Conference.

Off Campus Student Housing

Students who do not lve on campus wil find
help In locating accommodatons in the Off
Campus Housing Service, Room E18-301,
MIT. Ustings of avalable rentals in the
Greater Boston area are maintained. The staff
attempts, on an Individual basis, to help stu-
dents locate the type of accommodations that
will best suit IndMdual preferences and fi-
nances. All correspondence should be ad-
dressed to Off Campus Housing Service,
Building El 8-301, 77 Massachusetts Avenue,
Cambridge, Massachusetts 02139.

Additlonal infornation

Additional Information on undergraduate hous-
ing and application procedures is contained in
the publication Undergraduaut Redence at
MfT. Each first-year student is automaticay
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
the Dean for Student Affairs, Room 7-133,
MIT, Cambridge, Massachusetts 02139, (617)
253-4051. Information about fratemies also
may be obtained by writing to Interfratemity
Conference, Room W20-413, MIT, Cambridge,
Massachusetts 02139. Information on the MIT
Student House may be obtained by writing to
the President, MIT Student House, 111 Bay
Stale Road, Boston, Massachusetts 02215.
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Graduate Single Student Married Student Housing
Housing

Approximately 30 percent of the single gradu-
ate students reside on the campus In Avery
Allen Ashdown House, Ping Yuan Tang Resl-
dence Hall, and ida Plansburgh Green Hall.
Except during the summer, students must be
registered for each semester In order to reside
In on-campus student housing.

Ashdown Hous

Ashdown House, located on the comer of
Massachusetts Avenue and Memorial Drive dl-
reclly across from the main buildings of MIT,
houses 391 single graduate men and women
In single, double, and triple rooms.

A member of the faculty, who Is familiar with
the aims and problems of graduate students,
reeldes with his 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 rented for a full
academic year; rents range from $2,158 to
$2,580 per person for the academic year, de-
pending on the type of room.

Green Hall

Opened In the spring of 1963, Green Hall ao-
commodates 46 single graduate women In 32
single and eight double rooms. The completely
refurbished dormitory Is centrally located on
Memorial Drive within five minutes walking
distance of athletic, Student Center, and main
campus buildings.

Rooms are furnished with a cod, desk, chair,
lamp, and dresser, and range from $2,136 to
$2,378 per person for the academic year.
Rooms In Green Hall are rented for the full ac-
ademio year beginning September 1 and In-
clude 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 facill-'
ties are available on each floor, or residents
may purchase meals on a charge plan or a Ia
carte In nearby McCormick Hall.

Tang Hall

Tang Hall, located on the far westem end of
the campus, houses 404 single graduate men
and women In two-, three-, and four-bedroom
apartments. The apartments, unfumished ex-
cept for wall-to-wall carpeting, drapes, and
idtchen appliances, are rented on a 12-month
lioense to each occupant, beginning Septem-
ber 1. Rents range from $232 to $276 per oo-
cupant per month and Include all utilities
except telephone. Community facilities are
available In this building, two tennis courts are
located nearby, and limited pardng Is avail-
able nearby at a nominal annual fee.

More complete Information on all graduate
residences may be found In A Practical Plan-
ning Guide for New Graduate Students, which
is automatically mailed to all entering graduate
students.

Residence In married student housing Is lim-
ited to regular undergraduate and graduate
married students registered and attending MIT
whose spouses are present In the residenc,
and to single parents with at least one child In
residence. Except during the summer, stu-
dents must be registered for each semester In
order to reside In on-campus student housing.
Assignments are made on a one-year ilonse-
agreement basis beginning on September I of
each year. Apartment rents range from 6428
to 6647 per month and include all utilities
except telephcne.

Married student housing is managed by the
MIT Housing Offioe, Room E18-301, MIT.
Since socommodations In Eastgate and West-
gate are limited, married students seeldng
apartments also are advised to contact the Off
Campus Housing Service.

We1gate

This five-building complex, located at the west
end of the MIT campus, provides 200 apart-
ments for married student families.

Westgate consists of a 18-story tower with 90
one-room efficiency apartments and 80 one-
bedroom units, and four three-story gerden-
type buildings with a total of 59 two-bedroom
apartments.

Ea11stgate

Located adjacent to Kendall Square at the
east end of the MIT campus, Eastgate is a 20-
story apartment tower with 197 family units for
married students.

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



Student Services

Advising and Counseling Medical

The institute offers a variety ol advising and
counseling resources. By Intention, they are
not centralized in a "counseling center." A stu-
dent is free to choose the resource which ap-
pears to be most helpful. Counseling, as the
word Is used here, refers to casual conversa-
tions and to scheduled appointments; it ranges
from the providing of Information to skilled
psychotherapy.

The Freshman Handbook and How to Get
Around MIT Ht in detal the counseling re-
sources at MIT. Only a short summary Is
given here. Each student has a faculty ad-
visor. 1Ino Office of the Dean for Student
AffaIrs/Student Assistance Services offers
counseing services to all students, whether
the situation is academic or personal or both.
The office has special responsibilties for Inter-
national students, women, minorities, and
handioapped students. Faculty and graduate
residents and tutors are available In the Insti-
tute Houses, and some fraternities have grad-
uste residents. Frequently a student Is able to
get the help he or she wants from a follow
student or from an Instructor who Is not offi-
cally a faculty advisor. Coaches and activity
advisors can be helpful as well. /

Several offices speciaize In particular areas.
They Include the Student Financial Aid Office,
which Includes student employment, the Roll-
= Counss Career Services and

AsingThe Campus Police
are frequently of help to students. For stu-
dents considering particular fields, there is a
Promedical Advisory Council, a Prelaw Advi-
sory Council, and a Foreign Study Advisor.

The services provided by the Medical Depart-
mont e described next. The psychiatrists,
psycho , and social workers from the
Medical tnare considered by many
students to be among the Institute's most
sied counselors.

The MIT Student Health Program consists of
medical services available on campus and of
hoepftal and accident Insurance in which all
regular students are enrolled unless they sub-
mit a written request to waive coverage.

All regular and special students are entitled to
comprehensive health care services given by
the Medical Department at the Health Services
Center (Building E23) generally without further
charge. As exceptions to this, charges are
made for completion of pro-entry medical
forms, administration of required pre-entry Im-
munizations, obstetrical care, routine eye ex-
aminations, elective podiatry, contact lens
service, hearing aid evaluations, ear piercing,
dental care, missed appointments, contracep-
tive devices, prescription drugs, and those
surgical procedures and outside diagnostic
tests which should be covered by the stu-
dent's hospital and accident insurance poliy.
Student spouses may use the Department on
a fee-for-service basis or receive the same
benefits as a student by paying the $360
Health Service fee for coverage from Septem-
ber 1, 1966 through August 31, 1967.

The MIT Medical Department Is a multi-
specialty group practice which employs 23 full-
time and 40 part-time physicians as well as
other professional support personnel. The De-
partment's medical staff provides primary care
In the areas of Internal medicine, surgery, and
pediatrics. Specialists are also available in
gynecology, orthopedics, ophthalmology,
urology, allergy, neurology, nutrition, endo-
crinology, dermatology, otolaryngology,
gastroenterology, pathology, podiatry, radiol-
ogy, psychiatry, and social work services. The
Department provides a pharmacy and a full-
time optometry service Including contact lens
services. Laboratory, X-ray, and other diag-
nostic testing facilities are also available, as Is
a health education and patient advocacy e-
vice. A major goal of the Department is to pro-
vide high-quaty, accessible medical care;
students are encouraged to identfy a primary
physician who coordinates their health care.

A dental service, which offers dental treatment
for students and their spouses, Is available on
a fee-for-service basis, as Is a pediatric
service.

Initial consultations with a member of the psy-
chlatric service are available to all students
and their spouses without charge. Prolonged
psychiatric treatment cannot be provided by
the insttute psychiatric staff; students requir-
ing such treatment will be referred to private
psychiatrists or psychiatric clinics In the area.

Prior to matriculation, every student, under-
graduate or graduate, Is required to submit an
MIT entrance medical form. The form, which Is
completed by the student and his or her per-
sonal physician Is returned to the chief of
Student Health Programs. This form consists
of historical Information, ImmunizatIon record,
physical examination, and speciled laboratory
studies. Freedom from active tuberculoils as
evidenced by an intradermal sidn test or chest
X-ray Is mandated by public health require.
monte and cannot be waived. Students are
also required to be Immune to measles and
rubella (German measles) prior to arrival at
MIT. If a student has not returned the pro-
entry physical form by the time he or she
enters MIT, the student will be required to
have it completed by the Medical Department.
There will be a charge for this service and for
any required Immunizatione.

An 18-bed Inpatient Servioe Is operated by the
Medical Department for students and spouses
with acute Ilness or contagious dinsases who
cannot be cared for in their dormitories or
other living groups but for whom hospintliza-
tIon In a general hospital Is Inappropriate. Chl-
dren are not admitted to the Inpatient Service,
but If necessary, are referred to a nearby hos-
pital offering pediatric care. Patients requiring
mao surgery or treatment for serious Iness
are sent to one of the Boston or Cambridge
hospitals where their care Is usually super-
vised by one of the Medical Department physi-
clans or surgeons.

All visits to the Medical Department are by ap-
pointment except in emergenies. The regular
hours of the Department are fVom 8:30 am to
5 pm, Monday through Friday except for hoi-
days. At all other times urgent medical care is
available through the MIT Off-Hours Service.
Advice may be obtained day or night by call-
Ing 253-1311. If a student Is too 1Ito come to
the Health Services Center without assistance,
the Medical Department should be notfed and
win recommend suitable help.

Except under unusual circumstances and with
the approval of the Medical Oretor, healh
care esrvices covered by tre MIT Medical Do-
partment do not include the cost of medical
care given off campus or hospitalization ex.
cept in the MIT Inpatient Service. The cost of
hospitalization and outside medical care for
serious Illness or injury is extremely high; in
Boston-area hospitals it exceeds SW0 per
day. For this reason, it Is extremely Important
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Office of Career Services
and Preprofessional Advising

Child Care Services

that students maintain adequate health Insur-
ance for themselves and family members. All
regular students will be enrolled automatically
in the MIT hospital insurance program and
billed for each semester. US citizens covered
under their own or their family's policy must
request waiver of the MIT coverage by com-
pleting the form enclosed with the Financial
Registration material. New waiver request
forms must be filed each academic year. All
non-US citizens must demonstrate that they
have coverage equivalent to the MIT Insur-
ance by submitting a copy of their Insurance
policy to the MIT Medical Department Student
Insurance Office together with the completed
waiver request.

Special students taking two or more courses
are eligible to purchase the MIT hospital and
accident Insurance, but are not enrolled auto-
matically.

Annual Rates (September 1, 1986-
August 31, 1987)

Student

Spouse

MIT
Medical

Department

included in tuition

$360
or fee for service

Child(ren) fee for service

I %C

Hospital &
Accident
Insurance

$276

$864

The Office of Career Services and Preprofes-
slonal Advising serves students seeking
Information, advice, or couunseling on employ-
ment, opportunities for further study, and
careers.

The Career Services staff are happy to talk
with students on an Individual basis about
their plans. The Office also arranges seminars
at which alumni and others discuss the re-
wards and frustrations of their own career
fields. The Office maintains a comprehensive
library containing information on careers, spa-
cific employers In Industry and government,
courses of graduate study, fellowships, and
opportunities for work and study abroad. In
addition, Information on premedical and prelaw
studies, as well as other details about profee-
slonal postgraduate education, is available.

More than 400 companies, government agen-
cies, and graduate schools make recruiting
visits to the Office each year. These visIts are
publicized In descriptive notices which are
posted throughout the Institute. All bona fide
employers are given access to the facilities of
the Office on equal terms. Their coming to the
campus gives students a valuable opportunity
to discuss employment prospects with different
organizations.

Students who are unclear about their career
$276 plans are also encouraged to come in.

Doubts, worries, and questioning are a natural
part of career planning, and the counseling
component of the office can assist in address-
Ing these issues.

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 alumni interested in a change of

poew job or of career.

Any individual with career Interests, questions,
or concerns should call (617) 253-4733 (or
4737) or stop by Room 12-170.

The Child Care Office helps families with
young children locate suitable child care ar-
rangements. There are three programs operat-
Ing on the MIT camous which can
accommodate children from infancy to age
five. All of the programs reflect the great diver-
aly of cultures that one finds at the Institute.

Family Day Care is organized by the Child
Care Office and Is an arrangement In the
home of a day care provider who has been lI-
coensed by the Commonwealth of Massachu-
setts. Each family day care home operates
Independently offering its own attitudes and
activities. The Child Care Office puts providers
and users In touch with each other. Actual ar-
rangements are made by the families Involved.
Fees range from $3.00 to $3.50 per hour.
Family day care homes are located in East-
gate and Westgate, as well as In other parts
of Cambridge and surrounding communities.

Technology Children's Center, Inc. (TCC) is a
private, nonprofit corporation which operates
two programs on campus for children who are
at least two years and nine months old:

The Half-Day Program follows the academic
calendar and offers a morning program from
8:30 am to 1 pm. Children may be enrolled for
two, three, or five mornings a week, with
classrooms located in Eastgate and In West-
gate. Weekly fees for the 1986-87 school yew
are $59 for five mornings, $36 for three mom.
Ings, and $24 for two mornings. There is also
an sight-week summer program.

The Day Care program offers full-time, year-
round care from 8 am to 5:30 pm, Monday
through Friday. The center is located at East-
gate. The weekly fee for 1986-87 is $112.

The Child Care Office maintains information
about child care in other parts of Cambridge
and surrounding communities. Every effort is
made to find the arrangement that is most
suitable for an individual family. Further infor-
mation may be obtained from the Child Care
Office, Room 4-144, MIT, Cambridge, Massa-
chusetts 02139, (617) 253-1592, or TCC, 60
Wadsworth St., Cambridge, Massachusetts
02142, 253-5907.

*1'
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Academic Programs -i
The Freshman Year

The undergraduate programs at MIT are de-
signed to help students develop the under-
standing, maturity, and capabilities needed to
meet the challenges of modem society. An
MIT education has Its roots In a wide variety
of disciplines, with a view to joining the power
of these disciplines with a concern for human
values and social goals. As undergraduates,
students are encouraged todevelop a basic
knowledge aid a continuing interest in a given
field, and to become creative intellectual ex-
plorers who know how to keep leaming on
their own.

One of the most exciting features of under-
graduate education at MIT Is the opportunity
for students to join with faculty in ongoing re-
search projects. Such experiences, through
the Undergraduate Research Opportunities
Program, encourage Intellectual commitments
and self-direction, and often provide a focus
for students' undergraduate studies. There is
also an independent Activities Period each
January during which students can spend time
in workshops, independent research projects,
Intensive seminars, field trips, lecture and film
series, and other activities which do not easily
fit into the traditional academic calendar.

MIT students base their studies on a core of
subjects in science, mathematics, and the hu-
manities (the General Institute Requirements),
and then go on to major in one of the engl-
neering fields, in the physical or life sciences,
in management, in architecture or urban stud-
les and planning, or in an area In the humani-
ties or social sciences. In the first year, most
students take a program of subjects from a
variety of options in mathematics, physics,
chemistry, and humanities: During the second
year, students generally continue their studies
with subjects meeting the various Institute re-
quirements and with the beginning subjects In
the departmental programs. In the third and
fourth years, students concentrate on the de-
partmental program which they selected as
their major Course of study.' In addition to de-
partmental programs, it also is possible to
study and even major in one of a growing
number of Interdepartmental fields, such as
environmental or energy studies, biomedical
engineoring, communications science, human-
Ities and engineering, and humanities and
science.

The various undergraduate Courses we descrlbd In Chapter
VII. At the Institute the capitalized word Ooursae eer to an
organized curriculum leading to a specified degree. The
lowercased word ourse or subjeot, on the other hand, reers
to the IndMdual clause. Each Course Is designated by a
Roman numeral; indMdual subject are given Arabic
numerals to correspond with the Course numbers. For
example, Cours. I and Course I-A are ourrioula In CMi
Engineering; 1.06 Indicates a subiect given in CI
Engineering. The Department of CMI Engineering is a whole
is also referred to s Coure 1 or Course 1.

In addition to the departmental or major pro-
gram, there is time for students to take elec-
tive subjects each year. These elective
opportunities allow students to follow special
Interests or to enrich their educational back-
ground. A student may also use elective time
to prepare for advanced study in a profes-
sional field such as medicine or law; for grad-
uate study in an area in which MIT gives no
undergraduate degree; or for advanced study
In an interdepartmental field.

For most students, the program for the S.6.
normally requires four years of full-time study.
To complete work for a bachelor's degree in
any Course, each student must fulfill the Gen-
eral institute Requirements and must complete
the departmental program specified by that
Course. Details on General Institute Require-
ments and on selecting a major Course of
study are discussed later in this chapter.

During the first year at MIT, most students
take a program which includes subjects in
mathematics, physics, chemistry, and the hu-
manities, arts, and social sciences. In order to
enable first-year students to study In ways that
best suit their preparation and leaming styles,
there is a variety of ways to complete the core
subjects, as well as prepare for further under-
graduate study. Students may choose from a
range of specified subjects or may enroll in
one of the distinctive freshman programs
called Concourse, the Integrated Studies Pro-
gram, and the Experimental Study Group,
which are described later in this chapter.

in order to fulfill the Institute degree require-
ments (listed later in this chapter), those fresh-
men following the more traditional subject-by-
subject format may choose one of three se-
quences in mathematics, one of two subjects
In the chemistry area, one of two sequences
in physics, and from a designated list of sub-
jects in the humanities, arts, and social scl-
ences. Students have five options from which
to choose to satisfy the first phase of the Writ-
ing Requirement.

A typical program for the first year includes
two terms of physics, two terms of calculus,
two terms of humanities, one term of chemis-
try, plus one or more elective subjects, per-
haps Including an undergraduate seminar. All
subjects taken by freshmen are graded on a
passfall 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 first-year subjects
may substitute more advanced subjects or
may use the time made available for electives
or Science Distribution subjects. The pro-
cedures by which degree credit at entrance is
earned are described under Admissions in this
chapter.

Most students build their freshman programs
from among the basic subjects mentioned
above. The Concourse Program, the Inte-
grated Studies Program, and the Experimental
Study Group, which offer alternatives to the
more traditional lecture/recitation, subject-by-
subject format, have their own faculty, meeting
place, and methods of operation. In these pro-
grams, students make progress comparable to
that of other freshmen, but the manner in
which individual Institute degree requirements
are met varies both between the programs
and among students within each program. In
all three programs there is a high level of stu-
dent-faculty interaction.
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A student who chooses the Concourse Pro-
gram becomes a member of a group of about
80 freshmen working with a team of five to
seven faculty members In a year-long program
of study that deals with Interactions of ideas
and methods from engineering, science, and
humanities. Concourse has operated. as an al-
temative program for freshmen since 1971,
and has been made a regular part of the MIT
curriculum. A main goal of the Program Is to
explore both the unity and conflict of human-
Istic and technical viewpoints and Ideas. The
general approach Is not only to achieve com-
potence In the separate disciplines but to ex-
amine the mutual relevance of freshman
calculus, physics, chemistry, biology, and hu-
manities InIthe context of topics such as Infor-
mation theory, computation, physiological
psychology, perception, the structure of his-
tory, the uses and construction of models, and
the mind-body problem.

The Concourse faculty members, representing
different professional disciplines, collaborate
closely in the planning and teaching of the
curriculum, which fully treats the subject mat-
ter of Institute Requirements while branching
out Into related topics. Regularly scheduled
class sessions are supplemented by various
kinds of less formal activity. A student may
carry at least one subject per term outside the
Concourse Program. Subject matter of the
Concourse Program is arranged so that the
student receives credit for all of the first-year
General Institute Requirements upon success-
ful completion of the program. The structure of
Concourse promotes close and sustained con-
tact between students and faculty, and pro-
vides a coherent and balanced approach to
the diversity of disciplines and research activi-
ties at the Institute.

Concourse operates under the aegis of the
Department of Electrical Engineering and
Computer Science. The program supervisors
for 1966-87 are Professors Jerome Y. Lettvin
and David Adler. A detailed description of the
program may be found in the Freshman Hand-
book or may be obtained by writing to Con-
course, Room 20C-224, MIT, Cambridge,
Massachusetts 02139.

Integrated Studies Program

The integrated Studies Program is a freshman
program open to about 50 students and con-
ducted by a group of faculty from the Schools
of Science and Engineering and from the Pro-
gram In Science, Technology, and Society.

its goals are two-fold: to provide for a group of
freshmen an educational setting which empha-
sizes the connections of the scientific disci-
plines with their cultural contexts and their
applications to human needs, and to do it in
surroundings which allow the participating stu-
dents and faculty to develop the sense of a
shared Intellectual experience.

In particular, the program will Include the ma-
terial In physics, chemistry, calculus, and the
humanities go ierally expected in the freshman
year. The academic disciplines are taught rig-
orously to bring out their Intemal logic and
their coherence. Integration is achieved by
careful scheduling so that related concepts In
different disciplines are presented at the same
time. It is achieved as well through seminars
and through synthesis-oriented term papers
and design assignments. For example, stu-
dents study calculus and Newtonian mechan-
ls along with the history of 17th-century
science and with the design of early
machines, and later they explore how the en-
gineering profession developed.

Special provisions for individual advanced
study are made for students who enter with
degree credit in one or more of the first-year
subjects. Students may also carry at least one
subject per term outside the Program.

Subject matter of the Integrated Studies Pro-
gram Is arranged so that the student receives
credit for all of the first-year General Institute
Requirements upon successful completion of
the Program. The mix of several opportunities
- formal course work, seminars, discussions,
a common room reserved exclusively for the
Program, and the easy access to faculty and
student tutors - provides a setting in which
students can discover both the coherence and
the diversity of the disciplines they study, and
can find a congenial atmosphere of mutual
support.

A detailed description of the Program may be
found in the Freshmen Handbook or by writing
to the Integrated Studies Program, MIT, Room
E51-017, ambridge, MA 02139.

ESG (Experimental Study Group)

ESO is a small academic community at MIT
which offers a comprehensive alternative pro-
gram in the core subjects for freshmen and
sophomores. Students enrolling in ESG can
study a variety of subjects In mathematics,
physics, chemistry, humanities, social science,
and computer science through a combination
of tutorials, seminars, small recitation sections,
study groups, and independent study projects.
in contrast to the set structure of the regukr
curriculum, ESO's flexibility allows students to
go at their own pace whenever possible, and
to organize their schedules as they wish.

ESG's small classes also allow students to re-
ceive more personal attention and ask more
questions than is typical in larger classes In
the regular curriculum. Depending on the na-
ture of the course material, students may
choose their own topics of concentration to
suit their academic Interests. Although ESG
can be a full-time activity for freshmen, stu-
dents usually take one or two courses in the
regular curriculum that are not offered in ESG.

In addition to offering a solid- academic pro-
gram for freshmen and sophomores, ESG also
provides a place where students and staff can
study and socialize together. Each year ap-
proximately 45 freshmen, 25 sophomores, 10
staff members, and 20 upperclass tutors (who
have been In ESG as freshmen) participate in
ESG. Staff members are drawn from MIT's
Departments of Mathematics, Chemistry,
Physics, and from the Schools of Engineering
and Humanities and Social Science, Interac-
tion between community members Is facilitated
not only through seminars, study groups, and
tutorials, but also through community activities
such as weekly luncheons and weekend trips.

More information may be found in the Fresh-
man Handbook or by writing to ESG, Room
24-612, MIT, Cambridge, Massachusetts
02139.

*1-
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Undergraduate Education at MIT

Selection of Major
Course of Study

Freshman Handbook

The preceding brief overview of the first-year
academic program is meant to convey the na-
ture and scope of the options available, but it
is hardly a sufficient basis for the Individual
freshman to plan his or her year. Shortly after
they are admitted to MIT, freshmen receive
the Freshman Handbook, a compendium of
detailed information on academics, athletics,
extracurricular activities, the advisory system,
and an outline of Residence/Orientation Week.
Freshmen also receive the Undergraduate
Residence book, which describes housing op-
tions. The Handbook, also distributed to fresh-
man advisors, is a primary reference
document for the first year.

Freshman Grading

Freshmen receive formal grades of either pass
or fall In all subjects they take; falling grades
in the freshman year do not appear on the
permanent record. Pass/fall grading for fresh-
men is designed to meet a variety of objec-
tives; among them are a reduction of the
stresses of the first year (anxiety about time,
class rank, the failure to do A work) and the
development of more mature attitudes about
leaming and about managing one's time. At
the middle and end of each term the freshmen
and their Instructors, in tum, are asked to
complete written evaluations of the student's
work. This process usually provides the stu-
dent with a more comprehensive and useful
evaluation than A-F grades alone.

Credit Limit for Freshmen

A freshman may register and receive credit for
subjects totaling a maximum of 60 credit units
In the fall term and 63 credit units in the spring
term. Credit eamed for passing an Advanced
Standing Examination will be counted toward
this credit limit unless such an exam 1c taken
either in the September or February examina-
tion period. In view of the requirement that
ROTC students take one ROTC subject each
term, all AS-, MS-, and NS-numbered subjects
are excluded from this credit limit. Petitions; for
Individual exceptions should be submitted to
the Committee on Academic Performance.
However, the Committee enforces the credit
limit rigidly and only allows exceptions on
purely technical grounds.

Many entering students have a well-defined
preference for a specific field, while others
have interests in several areas and have not
yet decided on a field of concentration. A sub-
stantial percentage of those who do enter with
a decided preference, however, later find other
areas more to their liking; therefore, students
should be prepared to examine with an open
mind the wide range of Courses available at
the Institute. Students are encouraged to at-
tend departmental orientation programs to
seek out and talk with faculty and others who
have experience in fields of potential interest
to them. They are also urged to select elec-
tives which will help them In deciding about
their future careers. For many, this considera-
tion 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 balance resources
with student interest.

Each of the 21 undergraduate Courses com-
bines the study of basic principles with the
study of their practical applications. This com-
bination, studied In depth, helps to foster moti-
vation for the lifelong learning necessary for
professional competence.

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

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

Each student entering MIT Is assigned an ad-
visor who assists the student in designing an
effective program of study appropriate to indi-
vidual interests and aspirations. For instance,
the selection of elective subjects is an impor-
tant consideration, one which students should
discuss In depth with their advisor.

Detailed information on undergraduate regis-
tration may be found in Chapter V, Academic
Procedures and Institute Regulations.

Advanoed Standing Examinations

To qualify for an Advanced Standing Examina-
tion, a student must never have been regis-
tered for or attended class In the subject
concerned. A freshman who takes such an
exam shall receive the grade of P for passing
performance, but no record will be kept of fall-
ing performance. For all other students, a
grade ranging from A to F as usual will be re-
corded on the transcript. Any passing grade
entitles a student to full credit for the. subject.
For freshmen, such credit will count toward
the 60- or 63-unit credit limit unless the exam
is taken either in the September or February
examination period (see Credit Umit for
Freshmen).

ElectIves

Any subject offered by the Institute is open to
first-year students, provided they satisfy the
prerequisites. There are several hundred sub-
jects without prerequisites from which a stu-
dent may select during the freshman year.

Electives can be used for several different
purposes. For example, many students who
are undecided about their eventual program of
study will use some part of their elective time
to get more information about the various de-
partments 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 Insti-
tute requirements, deferring subjects of a
more supplemental nature until a later year.
The study of a language may be started or
continued. Freshmen should select electives
that best suit their individual needs.

Undergraduate Seminars

The Undergraduate Seminar Program offers
students an opportunity to Interact closely with
faculty members on topics which are of cur-
rent interest. Seminars vary tremendously both
in style and topic. Some are oriented around
small group discussions; others have speak-
ers, go on field trips, or engage in "hands-on"
research. Many topics are Interdisciplinary In
nature.

Most seminars carry six units of pass/fall
credit, and the class size Is generally re-
stricted to a small group. Titles and descrip-
tions of seminars to be offered In the
upcoming term are published in the Under-
graduate Seminar Program booklet, published
twice yearly. Copies of the current booklet are
available in the Undergraduate Academic
Support Office, Room 7-104.
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Undergraduate Research
Opportunities Program
(UROP)

Women's Studies

Junior/Senior Pass/Fall Option

A student may opt to take a total of two sub-
jects on a pass/fall basis during his or her jun-
lor and senior years. This option is Intended to
provide students with an opportunity to
broaden their education by taking subjects
which may not be in their area of expertise
without concem for its effect on their academic
record. It is therefore expected that this option
will be designated at the time the student ini-
tially registers for the subject, but the deadline
for this decision is Add Date. Such subjects
may not be used to fulfill either an institute or
a department requirement.

Program for Two Bachelor's Degrees

A student may work for two Bachelor's de-
grees to be received separately or concur-
rently. He or she must submit to the Registrar
a petition which Indicates the desire to work
for two degrees and which has been approved
by faculty advisors in each of the two depart-
ments concerned at least two full terms before
the student would normally receive the second
of the two S.B. degrees. The requirements of
each department must be satisfied and the
combined program must contain at least 270
units in addition to the General Institute Re-
quirements (a total of at least 450 units for
classes entering prior to September 1986).
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 consult the Stu-
dent 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 Masters' Degrees and the Simultaneous
Award of a Bachelor's and Master's Degree
may be found In Chapter IV of this catalogue.

UROP invites undergraduates to participate
with MIT faculty and staff members in a wide
range of research activities in every academic
department and most interdisciplinary
laboratories.

There are many advantages to becoming in-
volved in such pursuits as early as possible In
an undergraduate career: establishing ties to
faculty; having access to the advising, coun-
seling, and tutoring resources of a profes-
sional group; trying out a potential major;
acquiring data-gathering and laboratory tech-
niques; exploring the frontiers of a field;
undertaking topics not amenable to the class-
room; facing a real-world problem; and estab-
lishing a focus for educational experiences.
Through UROP, students can come to have a
better understanding of the intellectual process
of inquiry, while experiencing an opportunity
for personal and professional growth.

Ground rules for participating in UROP are
contained in the UROP Directory. Coordina-
tors for institute departments, laboratories, and
offices are listed under each Directory entry.
These people are prepared to assist students,
but a certain amount of footwork and negotla-
tion will be required in order to achieve a sat-
Isfying collaboration. The UROP experience
will be unlike any other; its benefits and re-
wards are great, but expectations and stan-
dards are commensurately demanding. Call or
visit the UROP office at any time, Room 20B-
141, (617) 253-5049 for advice, consolation,
or congratulations.

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

The Women's Studies Program provides stu-
dents a unique opportunity for interdisciplinary
study through various subjects offered at MIT.
The core subject, Introduction to Women's
Studies, asks students to challenge traditional
assumptions and questions in a variety of dis-
ciplines, including literature, history, psychol-
ogy, philosophy, anthropology, and biology,
and the Program's perspectives have signifi-
cant implications for any course of inquiry.

The faculty members involved in the Women's
Studies Program are Dr. Ruth Perry, Program
Director and Senior Lecturer in Literature and
Women's Studies; Dr. Evelyn Fox Keller, Visit-
Ing Professor; and 20 faculty drawn from all
areas of the Institute, offering subjects in the
Departments of Linguistice and Philosophy,
Brain and Cognitive Sciences, Biology, Archi-
tecture, and Humanities. There also are op-
portunities to pursue gender-related topics in

33Acadlemic Programs



Underaraduate Education at MIT 3

Preprofessional Advising
and Education

Urban Studies and Planning; Management;
the Program in Science, Technology, and So-
cIety; and the Undergraduate Seminar Pro-
gram. Women's Studies offers distribution
subjects as well as a field of concentration un-
der the Humanities, Arts, and Social Sciences
Requirements. The subjects are listed In the
SP section of Chapter Vill in this catelogue.
Degree programs in Women's Studies are
available by petition.

The Women's Studies Research Room,
housed next to the Program's offices 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 joumals. Out-
side the Research Room Is a small lounge
area, available during Hayden Library hours,
where members of the community can meet
and exchange ideas. The Women's Studies
Program also functions as an Information
clearinghouse for all students interested in
Women's Studies classes at MIT, Wellesley,
or Harvard. A wide range of announcements
and information relevant to feminist scholars in
the Boston area and others interested In
Women's Studies is posted on the bulletin
board.

Further information about the Women's Stud-
lee Program may be obtained by contacting
Dr. Ruth Perry, Director, Women's Studies
Program, Room 14E-316, MIT, Cambridge,
Massachusetts 02139, (617) 253-8844.

Within the Office of Career Services (Room .
12-170), ttv Preprofessional Advising pro-
grams serve students who are Interested in
pursuing professional postgraduate education,
particularly In the fields of medicine, law, and
psychology. The staff in the Office works
closely with three faculty/student committees:
the Committee on Preprofessional Advising
and Education, the Premedical Advisory
Council, and the Prelaw Advisory Council.

Premedical Education

Each year nearly 10 percent of the senior
class, as well as a large number of alumni 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 ad-
vantage 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 selection of
electives; such programs fully meet the speci-
fications of the Association of American Medi-
cal Colleges. MIT applicants continue to excel
in their admissions rates to medical schools.

The Premedical Advisory Council, whose
members are directly involved in medical prac-
tice, medical research, or student counseling,
provides guidance and information to students
interested in medical careers. The Office of
Preprofessional Advising and Education,
Room 12-170, (617) 253-4737, maintains
Medical College Admissions Test application
forms, school catalogues, A Pre-Medlcal
Handbook for MIT Students, and other infor-
mation pertinent to medical study. Students in-
terested in medicine are encouraged to make
an appointment in the Preprofessional Office
by at least the second term of their sopho-
more year. Students interested in medicine
are assigned to a premedical advisor at that
time.

Prelaw Education

A number of MIT students enter law school
each year. Law schools do not require a par-
ticular undergraduate program as a condition
for admission; students from every Institute
School have been admitted to law school.
Prelaw students should consult members of
the Prelaw Advisory Council regarding prepa-
ration for a legal education and make contact
with the Preprofessional Office during their
junior or senior year.

The Preprofessional Advising and Education
Office maintains the catalogues of accredited
law schools, the dates and application ma-
terials for the Law School Admissions Test,
and other information pertinent to the study of
law. A Handbook for MIT Students Interested
In Law has been prepared to answer ques-
tions commonly asked by students interested
in a legal education. The Handbook contains
Information on the selectin of law schools,
the admissions decision process, and the wide
range of roles for lawyers. Copies of this and
other helpful publications are available In the
Office of Preprofessional Advising and Educa-
tion. Please see the section on Law-Related
Studies in Chapter VI of this catalogue for a
further discussion of opportunities and pro-
grams in this area.

Education Studies

MIT students may receive certificaticn to teach
in the Commonwealth of Massachusetts by
taking a prescribed series of subjects through
the MIT-Wellesley Exchange Program. (MIT
Room 7-108, (617) 253-1668). Subjects In po-
litical science, psychology, humanities, and
management deal with specific educational
problems. Students are encouraged to consult
the faculty in the Education Department at
Wellesley to plan their programs as early as
possible.
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ROTC Programs

Air Force ROTC Program Army ROTC Program

Three branches of the military operate Re.
serve Officer Training Corps programs at MIT.

The Air Force ROTC program provides stu-
dents the opportunity to become Air Force
commissioned officers while completing their
undergraduate or graduate degree. It Is de-
signed to develop the leadership and manage-
ment skills essential for an Air Force officer
while preparing the student for assignment in
a career field related to his or her academic
apecity. The Office of Aerospace Studies of-
fera two programs - one of four years and
one of two years - for students to qualify for
commisslons.

The Four-Year Program

The four-year program consists of classroom
and Leadership Laboratory work during the
four undergraduate years and one summer
training period of four weeks between the
sophomore and junior years at a United States
Air Force Base. it is possible for students with
three academic years remaining to 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
(GMC). Upon completion of the GMC and
summer field training, students may compete
for entry into the Professional Officer Course
(POO). Selection into the POC is based on
academic aptitude and performance, success-
ful completion of the GMC and field training,
and recommendation of the Professor of Aero-
space Studies. A I cadets in the POC receive
a $100 nontaxable allowance each month.

Students desiring to pursue an advance de-
gree may apply for delayed entry to -active
duty. Advanced degree programs are also
available through the Air Force Institute of
Technology for selected officers.

The 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 stu-
dents may apply as undergraduates (during
their sophomore or subsequent years) or
graduates 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 ben-
efts and complete the same academic pro-
gram required of POC members In the four-
year program. Students applying for the two-
year program may also compete for scholar-

Scholarships

Air Force ROTC scholarships are available on
a competitive basis to qualified applicants in
selected academic majors. Each scholarship
pays tuition and required fees. Scholarship re-
cipients also receive an allowance for text-
books and a $10 nontaxable allowance each
month. Scholarships for 3 1/2, 3, 2 1/2, and 2
years are available in addition to the four-year
scholarships offered to high school seniors.

Program of instruction

First year (6 units): AS 11, AS 111, AS 12,
and AS 121. Second year (6 units): AS 21, AS
211, AS 22, and AS 221. Third year (14 units):
AS 31, AS 311, AS 32, and AS 321. Fourth
year (14 units): AS 41, AS 411, AS 42, and
AS 421. These courses are described in
Chapter Vill. The Aerospace Studies curricu-
lum emphasizes the history, organization, and
mission of the Air Force, Including its role in
national defense strategy and American soci-
ety. Academic classes and leadership labora-
tory activities provide training and practical
experience in developing leadership and man-
agerial skills. Scholarship cadets must also
take a writing composition course and one
year of a foreign language.

Eligibility Requirements

To be eligible for the Air Force ROTC pro-
gram, students must be: 1) cltizens of the
United States; 2) physically qualified in accor-
dance with existing Air Force regulations; and
3) enrolled at MIT as a full-time student or en-
rolled at Harvard, Tufts, or Wellesley, where a
consortium agreement allows cross-enrollment
Into AFROTC at MIT.

Appilcation Procedure

Eligible freshmen can sign up for the AFROTC
Program by registering for Aerospace Studies
courses (AS11 and A8111). Incoming fresh-
men are advised to contact the AFROTC of-
flce as soon as they have been notified of
admission to the Institute. Other Interested
students can apply by a personal visit to the
Office of Aerospace Studies, 20E-1 11, MIT,
Cambridge, Massachusetts 02139, or by call-
ing (617) 253-3755. The director of the pro-
gram is Colonel Emmanuel J. Scivoletto,
Visiting Professor of Aerospace Studies.

All students at MIT, Harvard, Tufts, and
Wellesley Collee are eligible to enroll in the
Army Reserve r Training Corps Program
hosted at MIT, the completion of which leads
to a commission as a Second Ueutenant in
the Regular Army, Army Reserve, or Army
National Guard. Freshmen and sophomores
normally enroll In the standard four-year pro-
gram, while graduate students and selected
undergraduates with two or more academic
years remaining may apply for the Army
ROTC two-year program. Successful comple-
tion of both academic and summer training re-
quirements qualifies the student for
commission upon graduation.

The academic portion of the Army ROTC pro-
gram consists of the Program of Instruction as
listed and one related subject per year, plus a
90-minute leadership laboratory each week.
Although the normal pattem is for the student
to progress through the Military Science pro-
grams sequentially, Individual 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. Se-
lected subjects may be offered during the
Summer Session. Elective subjects accepted
for the ROTC program are derived primarily
from the humanities, political science, man-
agement, and psychology areas. They are In-
tended to instill In the potential officer a
balanced appreciation of the development and
dynamics of military and social institutions and
their interrelationship with society, as well as
an understanding of the interactions and man-
agement of Individuals in groups. The purpose
of this integrated approach to ROTC Is to de-
velop officers skilled not only In the pragmatics
of Military Science, but in the related human
and social institutions as well. The selection of
approved elective subjects is not rigid, and
any relevant subjects may be selected by the
student and approved by the Professor of
Military Science.

Students completing the ROTC program will
receive commisslons upon graduation and go
on to serve as an active or reserve duty offi-
cer. The commitment depends upon the stu-
dent's choice of commissioning program,
scholarship status, and the needs of the ser-
vice. Commissions are offered in all of the Ar-
my's functional branches with actual branch
assignment determined by the needs of the
Army, the desires of the student, and the aca-
demic background and experience of the
student.
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Naval ROTC Program

Enrollment In the first two years of the four-
year program is voluntary and does not obli-
gets the student to any type of active or re-
serve duty commitment. However, ROTC
scholarship students continuing the program
beyond the freshman yea 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 which normally
is completed between the Junior and senior
years. Students at the Advanced Camp are
paid at the rate of half the pay of a Second
Usutenant, and are furnished food, housing,
equipment, and medical care at Government
expense, plus mleage to and from the camp
iccadon,

Two-, three-, and four-year scholarships are
available each year, and are awarded on the
basis of a national competton. In general, the
scholarships cover the cost of tuition, books
and supplies (a flat rate), and fees, plus a sti-
p-n of $100 per month. Non-scholarship stu-
dents In the final two years of the program
receive the $100 per month stpond. Details
on the scholarship program may be obtained
by contacting the Army ROTC Department.

In addition to the requirements outlined above,
A Airborne, Ranger, Air Assault, Aviation,

Warfare, and other Military schooling
and trainI programs are avaiable on a vol-
untary to qualifed students. Pull details
on these programs are also available from,the
Army ROTC Department.

Progrom of instruction

One Insitute elective subject is required for
each year in addition to the following. First
year: MS 111 and MS 121. Second year: MS
21, MS 211, and MS 221. Third year: MS 31,
MS 311, and MS 321. Fourth yar: MS 41,
MS 411, and MS 421. These subjects are de-
sodbed In Chapter Vill. The Miliary Science
courses do not ean MIT credit; however, par-
tipation In at least two years of the ROTC
program satisfies one-half of the Institute's
Physical Education Requirement.

ElIgibility Requirements

The requirement for entry into the Basic
Course of the four-year program is that the
student must be able to qualfy for a commis-
sion before reaching his or her 30th birthday.
A non-citizen may participate in and complete
the first two years of the program, but must at
least become a permanent resident allon in
order to enroll In and complete the final two
years, and receive a commission in the
reserves.

Qualfed applicants for the two-year program
must successfully pass an aptitude test and
an Army physical examination. Veterans and
current members of the Army Reserve or Na-
tional Guard may receive credit for the first
two years of the program.

Appiloatlon Procedures

Application for the four-year program normally
is effeoted by enrollment in MS 111. Students
enroll In this course during the regular regie-
tration period at MIT. The student should con-
tact the Army ROTC Department if additional
information Is desired.

Students Interested In the two-year program
should apply through the Army ROTC ear-
ment. Further details may be obtained from
the Army ROTC Department, 20E-128, MIT,
Cambridge, Massachusetts 02139, (617) 253-
4471. The director of the program is Usuten-
ant Colonel Edward D. Hammond, Corps of
Engineers, Visiting Professor of Military Sol-
ence.

The purpose of the Naval ROTC program is to
provide Instruction and training in esseni
Naval Science subjects, which when coupled
with the prescribed MIT engineeing or sol-
ence ourioula, qualify selected students for
commissions In one of the many specile In
the Navy. Primary offoer program options
available to oommissioneee include nuclear
propulsion traini , submarine, surface or
flight training, andthe Marne Corps.

The Naval ROTC unit at MIT offers two offior
development programs. The Scholarship Pro-
gram provides full tuition, certain fees, use of
books and uniforms, and $100 per month for
two or four years. All scholarship students in-
cur a four- or five-year active duty obligation
depending on duty option.

The College Program consists of both the
four- and two-year programs. These students
receive Naval Science 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.

NROTC Navy-Marine Corps College Program
students may gain echolarship status by com-
pe for a Chief of Naval Education and
Train scholarship. College Program stu-
dents may after completion of at least
one semester. pettion is annual, and
nomination is obtained through the Professor
of Naval Science.

Two-year Scholarship and College Program
students attend the aix-week Naval Solence
institute at Newport, Rhode Island, prior to be-
ginning the junior year. This is to bring their
training up to the point of the four-year stu-
dents before entering the advanced course. All
students receive travel costs to and from this
summer training, as well as the current active
duty pay rate during the course.

Harvard, Wellesley College, and Tufts stu-
dents are elgible for both the Scholarship and
College programs.

Upon completion of the program and receipt of
a baccalaureate degree, the student is com-
missioned as an Ensign, US Navy or Second
Ueutenant, USMC, In the case of Scholarship
Program students, and as Ensign, US Naval
Reserve or Second Usutenant, USMC Re-
oerv in the case of College Proram stu-
dents. All newly commissioned ofesreport
direty to active duty. Upon completion of the
active duty pedid, the offloer maybe released
to inactive duty, but must retain commis-
sion for a total of eight years from the date of
its original acceptance.
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Study at Other Universities

Available Programs

Program of instruction

The NROTC program of instruction encom-
pasees the science of nautical matters and
principles of management - all vital to being
a naval officer. The program has three inter-
acting and equally Important aspects. The first
aspect consists of the professional academic
subjects taught by the Office of Naval Science
(outlined below). The second aspect consists
of the academic subjects taught by the Insti-
tute. In addition to recommended course work,
one year of calculus and physics and one
term of an Indo-European or Asian language
are required. The third aspect consists of the
professional training gained from leadership
laboratories (three hours a week throughout
the yaw), from tours conducted to local naval
facilities, from short crulass aboard naval ves-
sels, and from practical navigation and piloting
practice conducted aboard training craft at
Newport, Rhode Island.

Students entering their sophomore year, who
are eligible for the four-year College Program,
can complete the requirements for commis-
sioning in three years by beginning with the
second-year Naval Science curriculum and
making up the two missed Naval Science sub-
Jects (NS 1 Iand NS 12).

While completing degree requirements in one
of the MIT Courses, all students in the Naval
ROTC program must take the following sub-
jects prior to graduation (none of which gives
MIT credit). First year (9 units): NO 11 and NS
12. Second year (10 units): NS 21 and NS 22.
Third year (14 units): N8 31 and NS 32. (NS
12, NO 21, and NO 31 are normally given In
conjunction with MIT accredited seminars.)
Fourth year (8 units): NS 41 and NO 42. For
Marine Option students only: NO 33, or a staff-
specified MIT subject such as STS 321, in lieu
of NB 31; N8 34 in lieu of NB 32; and NO 43
In lieu of NB 42. These subjects are described
In Chapter Vill.

Elgiblilty Requirements

To be eligible for the four-year Naval ROTC
program, an entering student must be: 1) a cit-
ien of the United States; 2) at least 17 years
of age and not more than 27 1/2 years of age
by June 30 of the year of college graduation;
3) physically qualified, and total visual acuity
must meet the current standards, correctable
to 20-20 by the use of lenses.

Application Proceure

Further inquiries should be addressed to the
Commanding Officer, NROTC and Naval Ad-
ministrative Unit, 20E-125, MIT, Cambridge,
MA 02139, or any US Navy Recruiting tation.

Junior Year Abroad

Many opportunities are open for study in for-
eign countries through participation in one of
the excellent programs administered by non-
profit educational organizations or through an
individually arranged program. Plans for study
abroad should be worked out by each student
with his or her faculty advisor and the Office of
Career Services and Preprofessional Advising,
Room 12-170, (617) 253-4735. The Office of
Career Services can provide a great deal of
assistance and Information as a student plans
for study at another college or university. Al-
though almost any field can be studied
abroad, it is generally advisable to take most
professional subjects at MIT. By emphasizing
the language, literature, history, and culture of
the host country, the year abroad can be a
valuable learning experience.

Effective working command of the language of
the host country is vital. By conscientious work
in language subjects here, even a student
without prior study frequently can achieve pro-
ficiency in a foreign language by the beginning
of the junior year if he or she begins by the
second term of the freshman year. The orien-
tation period provided by most organized pro-
grams will be a necessary complement In
many cases. For a mature student with excep-
tional competence In the language and some
knowledge of the culture, an individual pro-
gram may be desirable, but careful planning Is
essential.

A student on an approved junior year abroad
program maintains, without payment of MIT
tuition, official MIT registration as an "under-
graduate on foreign study," and thereby stu-
dent aid status and dormitory priority. Total
costs including travel sometimes are less than
that at the Institute.

Students who have participated In an ap-
proved one-year program may normally expect
to receive one year of equivalent credit toward
their MIT degree, upon successful completion
of their studies and subsequent return to MIT.

Domestio Year Away

This program provides the opportunity to
spend from one semester to one year at an-
other academic institution for the pursuit of
work generally not available at MIT. A student
on such an approved program maintains, with-
out payment of MIT tuition, official MIT regis-
tration as an "undergraduate studying away,"
with student aid status and dormitory priority.
Approval for Domestic Year Away status re-
quires that:

1
the student show that the objectives of the
planned program of studies are consistent with
his or her overall degree program at MIT and
that he or she has the academic and personal
qualifications that will ensure maximum
benefits from the experience;

2
the student demonstrate that the planned pro-
gram of study draws on resources available at
the second institution which are not generally
available at MIT or at the institutions with
which MIT has cross-registration privileges;
and

3
the student be accepted by a school of estab-
lished academic merit for a program involving
a work load comparable to that at MIT.

Those students Interested in these programs
should consult the Office of Career Services,
Room 12-170, (617) 253-4735.

Harvard University

A limited number of MIT undergraduates is
permitted to take one or two subjects at Har-
vard University (Faculty of Arts and Sciences)
for degree credit at no extra charge, provided
the subjects are not offered regularly at MIT.
Cross-registration Is normally limited to upper-
classmen 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. Arrange-
ments are made through the Humanities Un-
dergraduate Office.
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Welleeley-MIT Exchange
Program

Participation In the Wellesley-MIT Exchange
Pr can expand the educational oppor-

for students of each institution. Under
this program, students may cross-reglster for
any courses at the other school, with the only
requirement being that they present the nec-
essary prerequisites. MIT students may use
Wellesley courses to meet certain Institute re-
quirements as described later In the section.

A small, liberal arts college for women located
on a 500-acre woodland campus 12 miles
west of Boston, Wellesley College provides a
different yet no lees challenging environment
for leaming and IlMng from that of MIT.

Wellesley and MIT operate free weekday bus
service between the two campuses for stu-
dents who are cros-regiltered. The ride is
about 40 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 Welesley identification cards may
use the bus on a space-avalable basis.

MIT students register for a Wellesley course
simply by putting the course name and num-
ber on ter MIT registraton form or correction
form In the space marked "Cross Registration
at W.llool 7y" Students must also register at
Wellesley dring the first two weeks of
clases.

Wellesley subjects and grades are recorded
on students' MIT transcripts. Unless otherwise
stated in the Welesley Bufetn a semester
course 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 insttute RequIrements).

MIT students receive letr grades for their
Wellesley courses unless 1)a course is desig-
nated mandatory "credit/non-oredit" by
Wellesley, 2) they are freshmen under MIT's
"p afa" requirement, or 3) they are juniors
or seniors using one of their two MIT electives
for pass/fall. Under Wellesley's credit/non-
credit system, credit Is awarded for C-level
work or above.

Students may take Weilesley courses to meet
a variety of MIT distribution and concentration
requirements. There are, however, some re-
strictons andbepecial procedures, which are
described below.

Students generaly cannot substitute Weleeley
courees for MIT Science Core courses (Chem-
letry, Physics, and Calculus) or Laboratory Re-

quirement courses. They may take Wellesley
courses to satisfy Science Distribution Re-
quirements, but nqed the approval of the
Committee on Curricula.

To meet the Distribution portion of the MIT
Humanities, Arts, and Social Sciences Re-
quirement, students may take the Wellesley
courses listed under the various fields In the
HASS Distribution section In this chapter.
Wellesley courses may be designated as part
of the Concentration In the Humanities, Arts,
and Social Sciences at the discretion of the
designated advisor In that Field of Concentra-
tion. Students may use Wellesley courses as
unrestricted elctives toward fulfilling the Hu-
manities, Arts, and Social Sciences Require-
ment, but they must petition to do so. Petitions
may be obtained from the Exchange Office at
MIT or from Ruth Spear in the Humanities Un-
dergraduate Office, 14N-409, (817) 253-4443
(who can also answer questions pertaining to
the Humanities, Arts, and Social Sciences Re-
quirement).

Wellesley subjects may be used to fulfill de-
partmental 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. Sants am 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
Exchange Coordinator at Wellesley within 24
hours of the deadline to gst further
Instructions.

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

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

The following areas of study are available at
Wellesley:

Anthropology
Art
Astronomy
Biological Sciences
Black Studies
Chemistry
Chinon
Classical Civilization
Computer Science
Economics
Education
English
French
Geology
German
Greek and Latin
History

Italian
Language Studies
Mathematics
Medieval/Renais-
sance Studies
Music
Philosophy
Physics
Political Science
Psychology
Religion
Russian
Sociology
Spanish
Theatre Studies
Women's Studies

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 7-106, (87) 253-1666. The Exchange
Office at Wellesley is located in Room 341A,
Green Hal, 235-0320 x2321 (through the MIT
tie line: 187-2321).
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General Institute
Requirements

Science Requirement

hosemom- -am&- .. ' J""r .a I i To be recommended for the degree of Bache-
lor of Science, students must have attended
the Institute not less than three regular aca-
domic terms (two terms for Classes entering
prior to September 1986), which ordinarily
must Include the term of graduation.'Students
must have satisfactorily completed programs
of study approved In accordance with the rules
and regulations of the faculty, including Gen-
eral Institute Requirements and the Depart-
mental Program of the Course In which the
degree is to be awarded. A student must
petition the Committee on Curricula for any
substitutions In the General Institute Require-
ments. Departures from the Departmental Pro-
grams are allowed with Departmental
permission. The Departmental Program and
the total degree requirements are shown for
most Courses In the Departmental Degree
Programs chapter of this catalogue.

To be recommended for the degree of Bache-
lor of Science, students must have satisfactor-
Ily completed the General institute Require-
ments (including the Writing and Physical Ed-
ucation requirements) described on the
following pages, and Departmental Program
requirements. Some changes have been
made recently In the degree requirements; the
following Information Is applicable to the
Class enterIng MIT In September 1986 and
subsequent Classes:'

ene iku Neiremente

0olsnce RequIrement 5 aubiects
chemimst (3.o91 or 8.11)

Pycs(8.01 or 8.012 and
6.02 or 8.021 or 8.022)
calculus (18.001 or 18.01 or 18.011 or
16.012 and 18.002 or 18.02 or 18.021 or 18.022)

HumnOe, Arts,d O a
Iclmnoes RequIrement a subjects
science Dlstribution Requirement 3 subjects
Laboratory RequIrement 1 subject

Total 17 sublecte
wrlung eaqukement
To be satisfied In two stages
Physical Educaton Requirement
PLUS

Departmental Program and unrestrIcted Electives
As spWcfied for each Course. 160-196 unite In addition to the
General Institute Requirements.2

The degre requirements for Classes entering MIT prior to
September 1988 are shown In the Departmental Degree
Programs chapter (chapter VII). Transfer students generally
will graduate under the requirements that apply to the class
they join when they enter MIT.
2
Departmental Programs can specify or expect up to three
subjects from the General Institute Requirements, and must
make possible at least 48 unite In unrestricted electives
(usually mnre). The total of 180-198 units does not Include
WOTC subjects, If elected.

4

MIT expects its graduates to have an under-
standing and appreciation of the basic con-
cepts and methods of the physical sciences.
These concepts and methods are needed in
most degree programs at the Institute. More
Importantly, they are an essential part of the
background that MIT graduates bring to their
roles as professionals and as broadly edu-
cated citizens In a world deeply influenced by
science and technology.

To provide this understanding, the Institute
offers a variety of programs by which the stu-
dent can fulfill the science, laboratory, and sci-
ence distribution requirements. These
programs introduce the student to three basic
elements of the scientific method: experimen-
tal foundations and techniques, mathematical
analysis, and conceptual models for experi-
mental facts. Important experimental, as well
as conceptual, aspects are Introduced by the
chemistry requirement and by the laboratory
requirement. Mathematical methods common
to much of science and technology are ex-
plored ip the calculus requirement. Basic con-
cepts that underlie many physical phenomena
are defined and elucidated in the physics and
in the science distribution requirements.

In addition to a rigorous introduction to the scl-
ences, these requirements are Intended to
stimulate and challenge each student to re-
view critically his or her knowledge and to ex-
plore altemative conceptual and mathematical
formulations which may provide better expla-
nations of natural phenomena or may lead to
better applications of technology.

The development of critical and constructive
approaches to both theory and practice In sci-
ence, engineering, and other professions is a
central objective of the Institute's educational
programs.
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Writing Requirement

Chemistry

The requirement can be satisfied by taking
either 3.091 Introduction to Solid State Chem-
istry or 5.11 Principles of Chemical Science.
3.001 Is designed for students who are partic-
ularly interested in the chemistry of the solid
state. 5.11 presents an introduction to chem'-
try 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- and second-term physics subjects. The
sequence 8.01-8.02 Is the "standard" combi-
nation. A majority of students find this so-
quence suited to their needs. 8.012-8.022
covers essentially the same subject matter as
8.01-8.02, but Is more advanced mathemati-
cally; calculus Is used freely from the begin-
ning of the term.

The student is not obliged to follow through
the whole of any of the above sequences as a
package, should some other choice become
more suitable. There are many possibilities for
switching from a first-term subject in one se-
quence to a second-term subject in another. In
particular, there is a single second-term sub-
ject, 8.021, suitable for students who (whether
or not they plan to take further physics) wish
to study a broader range of topics than is
available In 8.02 or 8.022.

Calculus

The Department of Mathematics offers three
standard calculus sequences: 18.01-18.02,
18.011-18.021, and 18.013-18.023. These se-
quences seek to present calculus as it will ac-
tually be used in science and engineering. The
subjects differ in several respects: content and
intensity (see subject descriptions for details),
structure (homework and testing practices
vary), and prerequisites (18.011 assumes a
year of high-school calculus and 18.013 as-
sumes some background :n calculus).

A fourth sequence, 18.012-18.022 Calculus
with Theory, assumes an extensive back-
ground In calculus, and emphasizes proofs.

Students with advanced placement or ad-
vanced standing credit for 18.01 will lose it
upon taking 18.01 or 18.013. However, for
students taking 18.011 or 18.012, it will be re-
placed by six units of elective credit.

The primary objectives of this General Institute
Requirement are: to ensure minimum stan-
dards of writing proficiency for all undergradu-
ates, with special emphasis on writing in
students' professional fields, and to see that
clear, effective writing is valued and fostered
throughout the curriculum as an important part
of an MIT education.

The basic features of the Requirement are
early evaluation, a variety of modes of com-
pleting the Requirement, and institute-wide in-
volvement. The Requirement is to be satisfied
in two phases: Phase One ts concerned with
basic expository writing competence that
should be expected of any educated person.
The options for satisfying this stage are:

a) . achieving, prior to entry, a score of 750
or above on the College Board Achieve-
ment Test In English Cmposition with
Essay.

b) passing the Freshman Essay Evaluation
during Residence/Orientation Week. For
certain designated students an optional
English As a Second Language (ESL)
version is available.

c) receiving a grade of pass in any one of
the following expository writing subjects:
21.334 Expository Writing Ii for Under-
graduates: English as a Second Lan-
guage, or 21.730 Expository Writing,
21.731 Writing and Experience, 21.732
Introduction to Technical Communica-
tion, or any equivalent subject in Project
Interphase, the Experimental Study
Group, the Integrated Studies Program,
or Concourse.

d) submitting a five-page paper of exposi-
tory prose written for any MIT sub jc
and judged satisfactory by the professor
of the subject and by faculty evaluators
for the Requirement. Papers for any
given semester will be accepted until
the end of the fifth week of the following
term.

Students normally complete this stage by the
end of the freshman year.

Phase Two Is designed to engage upperclass
students in the more specialized forms of writ-
ing that are necessary within their professional
disciplines. These encounters, which go be-
yond the writing experiences provided by the
Humanities, Arts, and Social Sciences Re-
quirement, occur over an extended period in
the middle years of students' undergraduate
careers. Phase Two should be satisfied by the
end of the junior year.

Options for completing this phase are:

a) receiving a grade of B or better for the
quality of writing In a cooperative sub-
ject within the general area of a stu-
dent's professional field. Many
engineering subjects (especially In labo-
ratory and design) include Instruction by
Writing Program faculty. Such coopera-
tive arrangements provide opportunities
for satisfying Phase Two.

This phase can also be satisfied by re-
ceiving a B or better in any one of the
following advanced subjects in scientific
and engineering writing: 21.339 Work-
shop in Writing for Science and Engl-
neering: English as a Secord
Language, 21.340 Workshop In Writing
for the Social Sciences and Architec-
ture: English as a Second Language,
or 21.780 Science and Engineering
Writing.

b) submitting a 10-page paper of exposi-
tory prose from any MIT subject or
UROP activity within the general area of
a student's professional field which Is
judged satisfactory by the professor or
supervisor and by faculty evaluators for
the Requirement.

Students submitting papers must first pick up
a cover sheet from the offloe of the Committee
on the Writing Requirement (Room 7-145) for
the subject instructor to sign. instructors are
encouraged to use the cover sheet to com-
ment on the student's writing before signing
the sheet and giving it to the student. The stu-
dent then returns the paper and the cover
sheet to the Committee office.

The Committee on the Writing Requirement
has published a brochure on the Requirement
and resources which may be used to satisfy it.
Copies of this brochure and other material are
available from Bonnie Walters, Coordinator of
the Committee on the Writing Requirement,
Room 7-145, (617) 253-3030.

40 ~1
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Humanities, Arts, and Social
Sciences Requirement

MIT provides a substantial and varied program
In the humanities, arts, and social sciences
which forms an essential art of the education
of every undergraduate. rough this program,
students can deepen their knowledge in a va-
rety of cultural and disciplinary areas and can
develop sensiblities and skills vital to an of-
feclive and satisfying iffe as an Individual, a
professional, and a member of society.

More specifically, the objectives of the pro-
gram are to develop: 1) skill in communica-
tion, both oral and written; 2) knowledge of
human cultures, past and present, and of the
ways in which they have influenced one an-
other; 3) awareness of concepts, ideas, and
systems of thought that undedle human activi-
ie; 4) understanding of the social, political,
and economic framework of our society; and
5) senstivity to modes of communication and
self-expression in the arts. Work in these
areas will, where appropriate, display a special
concem with the relation of science and tech-
nology to society.

The student's program in the humanities, arts,
and social sciences Is based on the following
institute Requirement:

1
Every candidate for a bachelors degree must
have completed a minimum of eight term
subjects (of at least nine unIts each) in the
humanities, arts, and social sciences, normally
at the rate of one subject each term.

2
Distribution. At least three of the eight sub-
jects must be choen from a specially desig-
nated list of humanitis distribution subjects.
The three subjects are to be selected from
three separate fields from the following list and
may be taken at any stage of the student's
undergraduate career.

3
Conoentration. Before the third yew, each
student selects a field of concentration. The
requirements for concentration are set by each
field and consist of either three or four sub-
jects. An individual's program of concentration
is arranged in consultation with a designated
advisor In the field. A distribution subject in a
given field may be counted also as one of the
required concentration subjects In the same
field with the permission of the concentration
advisor. In indIvidual cases a special interdis-
cpInary program of concentration may be
arranged with the approval of an advisor
designated by the Dean of Humanities and
Social Solence. This approval must be ob-
tained ahead of time, before the desired com-
binadon of subjects has been completed.

The following fields of oonoontratlon cur-
rentiy are offered:

American Studies
Ancient and Medieval Studies
Anthropology and Archaeology
Drama
Economics
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
Traditions and Texts
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. Descrip-
tions of the offerings of each field and a list of
advisors may be obtained at the appropriate
department headquarters or at the Humanities
Undergraduate Office.

HASS Information

For detailed Information on distribution sub-
jects or on the concentration requirements in
any field, and for assistance with any aspect
of the Humanities, Arts, and Social Sciences
Requirement, students should visit the HASS
Information Center, Room 14N-409, (617)
253-4441.

Distribution Subjects

Humanities distribution subjects are human-
istic In orientation, of broad general interest,
with a subject matter cleady drawn from one
or more of the disciplines in the Humanities,
Arts, or Social Sciences. Such subjects meet
in sections small enough to allow discussions
In which every student can particpate, and -
except for some art subjects - they call for a
substantial amount of writing. The character of
such subjects varies from field to fiold, and
each field has established citeria for the sw-
lection of Humanities distribution subjects.
These critedi have been published, along with
a guide to Humanities disibution subjects, by
the Humanities, Arts, and Social Sciences in-
formation Center.

Almost all of these subjects are without pre-
requisites 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 be-
gin satisfying the Institute Requirement and to
sample the offerings of different fields.

Students are free to take more than the neo-
essary 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, may be
accepted as part of a program of concentra-
tion. Note, however, that in no case may more
than one subject In a given field be counted
toward both distribution and concentration.

General Instiftute Requirefet 41
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The following is the list of subjects offered for
humanities distribution credit:

AmerIcan Studies

21.103J Literature, Ideology, and
National Experience in
the US [STS 601J)

Anthropology and
Archaeology

21.50 Introduction to
Anthropology

21.501 Understanding Other Peoples
21.502 Culture, Nature, hnd Human Nature
21.503 Introduction to Archaeology: Paths

to Civilization
21.513 Religious Movements and

Social Change
21.523 Agrarian Society
21.53W The Contemporary Family [SP 456J]
21.540 Technology and Culture
21.542 Culture and the Visual

Arts

Economics

14.71. Topics In Economic History

Film and Media Studies

17.707 Mam Communication and
American Culture

21.031 The Film Experience

Foreign Languages

21.203 French il
21.204 French IV
21.233 German il
21.234 German IV
21.256 Classical Greek 11
21.263 Russian ill
21.264 Russian IV
21.277 Spanish Ill
21.278 Spanish IV
21.282 Spanish for Bilingual

Students

History

21.350 The Ancient World I:
Greece

21.351 The Ancient World II: Rome
21.352 The Middle Ages I
21.353 The Middle Ages 11
21.356 History of the Westem

World 1: 1500-1815
21.357 History of the Western

World ii: 1815-1970
21.369 Marx, Darwin, and Freud
21.376 Imperial and Revolutionary

Russia: Culture and Politics
21.377 The Soviet Union:

A Communist Society In
Historical Perspective

21.390 American History to 1865
21.391 American History Since 1865
21.409 American Ideas and Culture:

From the Puritans to the
Civil War

21.410 American ideas and Culture:
From the Civil War to WWI

21.411 American Ideas and Culture: The
Modem Age, 1920-1980

21.416J American Women's
History ISP 42W]

21.435 The American Psyche
21,450 The History of Africa
21.451J The History of 20th-Century

Africa: Nationalism and Nation-
Building [17.551J]

21.460 East Asian History: China
21.461 East Asian History: Japan
21.480 The Middle East: From the Rise of

Islam to World War I
21.481 The Middle East in the

20th Century

History of Art and
Architecture

4.601 TopIcal Studies In the History
and Theory of Art

4.605 Introduction to the History
and Theory of Architecture

4.635 Renaissance Architecture
4.642 Modem Art from

Impressionism to
Cubism

4.651 Modem Art from Cubism
to the Present

Labor in Industrial
Society

14.63 Labor in Industrial
Society

Linguistics

24.90W The Study of Language
(21.321J)

Literature A'
(Read In English)

21.001 Foundations of Western
Literature: Homer to Dante

21.002 Classics of European
Literature

21.003 introduction to Fiction
21.004 Introduction to Poetry
21.005 Introduction to Drama
21.006 Introduction to American

Literature
21.009 Shakespeare
21.010 Literature and Film
21.021 Comedy
21.022 Tragedy
21.101 The American Novel
21.296 introduction to European and

Latin American Fiction
21.297J Sex Roles in Fiction: Europe

and Latin America [SP 432J)
21.30W Courtship Themes In Romance

Literature [SP 434JJ
21.303 Twentieth-Century French

Literature
21.310 Masterpieces of the

Hispanic Tradition
21.314 Slavic Civilization: Gods, Demons,

and the Supernatural
21.315 Russian Short Story
21.317 Russian Novel of the 19th Century
Weliesley Italian 211: Dante

1
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Literature 31.2
(Read in the Foreign Language)

21.209 French Civilzation
21.211 Introduction to French

Literature
21.217 Introduction to French Poetry
21.218 Introduction to the French

Short Story
21.221 French Romanticism
21.224 Artistic and intellectual Currents of

Modem France: Literature and
Ideology

21.225 Representations of Love
in French Literature

21.239 introduction to
German Literature

21.240 German Culture and Society: 1750-
1914

21.241 Fantasy and Reality in 19th-Century
German Literature

21.243 German Short Fiction
21.249 introduction to German

Poetry
21.250 Introduction to German Drama
21.268 Topics in Russian and Soviet

Culture for Bilinguals
21.270 Pushkin and his

Successors
21.284 Introduction to Latin

American Culture
21.285 Introduction to Spanish

Culture
21.286 Latin American Literature

1492-1898: Creation
of a Continent

21.287 Twentieth-Century Latin
American Literature:
The Alchemist's Laboratory

21.290 Literature and Social
Conflict: Perspectives on
Modem Spain

Music

21.60 Introduction to Music
21.621 Western Music to 1750
21.622 Westem Music after 1750
21.625 Vivaldi, Bach, and Handel
21.631 Symphonic Music
21.635 American Music
21.636 Jazz
21.637 Traditional Music in America

Philosophy

24.00 Introduction to the Problems
of Philosophy

24.01 Contemporary Moral Issues
24.02 The Meaning of Life
24.03 Logic, Language, and Values
24.04 Moral and Legal Responsibility
24.05J Nature of Scientific

Knowledge [STS 205J1
24.08 The Human Mind
24.09J Classics in Political Philosophy

[17.113J)

Political Science

17.103 Socialism
17.107 Introduction to Political

Theory: Individual and
Community

17.201J Politics and Public
Policy [11.007J]

17.241 Introduction to the American
Political Process

17.243 American Politics and
Social Change

17.401 Just Wars, Total Wars,
and Nuclear Wars

17.403 American Foreign Policy
in a Changing World

17.501 The Quest for Equality
and Development in Third
World Countries

17.543 Political Change in Latin America
17.549 Political and Economic

Development of Tropical
Africa

17.585 Religion, Politics, and
Social Change In Developing
Countries

Religious Studies

Wellesley Religion 107:
Crises of Belief In
Modem Religion

Wellesley Religion 108:
Introduction to Asian
Religions

Wellesley Religion 252:
The Islamic Tradition

Sociology

Wellesley Sociology 102:
The Sociological Perspective

Wellesley Sociology 103:
Social Problems

Soience, Technology, and
Society

STS 101 The Development of Science in the
16th to 18th Centures

STS 102 Science, Technology, and
Social Change

STS 200 The Scientific Revolution
STS 201 History of 19th- and 20th-

Century Science
STS 210 American Science Since the

1930I
STS 300 History of Technology in

America 1: 1787-1876
STS 301 His ory of Technology in

America fl: 1876-the Present
STS 320 Arms, Power, and the

Engineer
STS 321 Military Enterprise and

Technological Change:
Historical Perspectives on the
American Experience

STS 502 The Profession of
Engineering

STS 511 Capitalism and Its Critics
STS 600 Technological Society and

Its Critics
STS 602 Perspectives on Technology

Traditions and Texts

21.708 The Bible
21.709 The Greeks
21.714 The Renaissance and

Reformation
21.717 The Modem Period:

1900-1970
21.718 The Americans

Urban Studies

11.005 Urban Social Structure
and Process

11.006J American Society: Values,
institutions, and Variety [17.257J]

11.013J American Urban History 1
[21 .412J]

11.014J American Urban History 11
[21.413J]

11.131 The Urban Neighborhood
11.165 Law and Public Policy

Visual Arts and Design

4.802 Visual Form and Expression
4.901 Creative Seeing

d may choose only one Distribution subject in
Uterature, ~ter from list A or 5.
2
Students who have taken any third- or foufth-level foreign
language subject as a Diatlrbution subject may not take a
subet from uLerature a to atiefy the Distribution
Requirement unles it is in a different foreign language.

Generai nstiute Requrirements 43
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Science Distribution
Requirement

Women's Studies

SP 401 Introduction to Women's Studies

Writing

21.735

21.755

21.760
21.777

Writing and Reading
the Essay
Writing and Reading
Short Stories
Writing and Reading Poems
The Scientific Essay

Interdisciplinary
Subject

21.930J Ancient Cosmology [STS 223J]

Elective Subjects

The remainder of the eight-subject Require-
ment, above and beyond Distribution and
Concentration, may be fulfilled by the ap-
proved 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 number from the other
Schools. (Please note, however, that subjects
in the Sloan School of Management cannot be
used to satisfy the HASS Requirement unless
the subject description specifically indicates it
may be used for this purpose.) Appropriate
subjects taken by cross-registration at Harvard
University or Wellesley College may also
count toward the Requirement; however, a pe-
tition must be submitted. Graduate Subjects
(designated "G") may be used to satisfy the
Requirement only by petition, which must in-
clude 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 Undergraduate Office, Room 14N-
409.

The Science Distribution Requirement is met
by taking three subjects designed for this pur-
pose. Available subjects are listed below. No
more than one of the subjects used to fulfill
the Requirement can be taken in the student's
own department, and no more than two of the
three subjects can be used to satisfy the stu-
dent's Departmental Program. (For Classes
entering MIT prior to September 1986, stu-
dents fulfill the requirement by studying sub-
jects totaling 36 units, of which no more than
12 units may be taken In subjects offered by a'
student's own department). Subjects desig-
nated "J" which are offered jointly by faculty
members in the student's own department
also fall under the departmental limitation, If
3.091 or 5.11 Is used to satisfy the General
institute Requirement in Chemistry, then it
cannot be used for the Science Distribution
Requirement. Science Distribution Subjects
normally are taken In the second year, but
students who have the proper prerequisites
may begin taking them in the first year.

Through Science Distribution Subjects the stu-
dent can broaden and deepen the educational
foundation in basic science begun in the first-
year program. 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 Science Distribution Subjects
vary in approach and emphasis. Some give a
systematic introduction to the fundamental
concepts and principles of a field; others Illus-
trate, through examples, some of the attitudes,
concems, and methods that are characteristic
of professional work in a field.

Most Departmental Programs require 48 units
In the second year. In many cases, subjects
required by a department are also on the list
of Science Distribution or Laboratory Subjects.
Thus students following a particular Depart-
mental Program may simultaneously satisfy
some part of the Science Distribution and Lab-
oratory Requirements.

Science Distribution
Subjects

1.00 Introduction to Computers and
Engineering Problem Solving
(3-1-8)

1.04 Behavior of Physical
Systems 1 (3-2-7)

1.12 Computer Models of Physical and
Engineering Systems (3-0-9)

1.32 Introduction to Engineering
Geology (3-3-6)

1.59J Materials of Construction
(3-0-9)

2.01
2.01
2.02

2.101

2.20
2.40
3.00

3.05

3.07

3.091

3.10

3.11

3.143J

4.30

5.11

5.12

5.60

5.61
6.002

6.018

6.034
6.041

6.071

6.524J
7.01
7.05
7.51J
8.03
8.04
8.20

8.211

8.243
8.263
8.282

8.291J
8.292J
8.293J

Mechanics of Solids (4-0-8)
Introduction to Systems
Dynamics (4-0-8)
Computer Models of Physical and
Engineering Systems (3-0-9)
Fluid Mechanics (4-0-8)
Thermodynamics (4-0-8)
Thermodynamics of Materials
(4-0-8)
Computer Models of Physical and
Engineering Systems (3-0-9)
introduction to Ceramics
(3-0-6)
Introduction to Solid-State
Chemistry (5-0-7)1
Chemical Physics of Materials
(4-0-8)
Mechanics of Materials
(4-0-8)
Materials of Construction
(3-0-9)
Basic Structural Theory
(3-3-6)
Principles of Chemical
Science (5-0-7)1
Organic Chemistry I
(5-0-7)
Chemical Thermodynamics
(4-0-8)
Physical Chemistry (4-0-8)
Circuits and Electronics
(4-2-9)
Statistical Mechanics and
Thermodynamics (4-0-8)
Artificial intelligence (4-0-8)
Probabilistic Systems
Analysis (4-0-8)
Introduction to Electronics
(4-2-6)
General Physiology (3-0-9)
General Biology (4-0-8)
General Biochemistry (5-0-7)
General Physiology (3-0-9)
Physics 1i (5-0-7)
Quantum Physics 1(5-0-7)
introduction to Special
Relativity (2-0-7)
Introduction to Quantum
Physics (5-0-7)
Modem Optics (3-0-9)
Physics of Fluids (3-0-9)
Introduction to Astrophysics
and Astronomy (3-0-9)
Planetary Science 1 (3-0-9)
Planetary Science 11 (3-0-9)
Dynamical Astronomy (3-0-9)
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Laboratory Requirement

10.11 Computer Models of Physical and
Engineering Systems (3-0-9)

10.13 Mass and Energy Processing
(4-0-8)

12.01 Geological Processes,
Features, and History (3-4-5)

12.02 Chemistry and Physics of
Minerals and Rocks (3-4-5)

12.107 Introduction to Geophysics (3-0-9)
12.113 Astronomy: Stars and

Galaxies (3-0-9)
12.114 Astronomy: Solar System

(3-0-6)
12.115J Dynamical Astronomy

(3-0-9)
12.131J Planetary Science 1 (3-0-9)
12.132i Planetary Science 11 (3-0-9)
12.21 Physics of the Ocean

(3-0-9)
13.00 Computer-Aided Hydrostatics and

Hull Surface Definition
(3-3-6)

13.51 Computer Models of Physical and
Engineering Systems (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 1 (3-0-9)

16.001 Unified Engineering 1 (5-2-5)
16.008 Computer Models of Physical and

Engineering Systems (3-0-9)
18.03 Differential Equations (4-0-8)
18.05 Introduction to Probability and

Statistics (3-0-9)
18.06 Linear Algebra (3-0-9)
18.063 Introduction to Algebraic

Systems (4-0-8)
18.313 Probability (4-0-8)
18.440 Probability and Random

Variables (4-048)
18.703 Modem Algebra (3-0-9)
18.710 Abstract Linear Algebra

(3-0-9)
22.006 Computer Models of Physical and

Engineering Systems (3-0-9)
22.02 introduction to Applied

Nuclear Physics (34-9)
22.03 Engineering Design of Nuclear

Power Systems (3-0-9)
22.04 Radiation Effects and Uses

(2-1-9)

The Laboratory Requirement of one subject of
at least 12 units or two subjects of at least 6
units is to be met by enrolling in subjects ex-
pressly designed for this purpose. The avail-
able subjects are listed below. The Laboratory
Requirement is normally fulfilled in the first two
years.

A typical Laboratory subject offers the student
an opportunity to set up and carry out experi-
ments dealing with phenomena of the natural
world. Under faculty supervision the student
plays a substantial role in planning a) the de-
sign of the experiment, b) the selection of the
measurement technique, and c) the procedure
to be used for validation of the data.

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

The Laboratory subjects call for a major com-
mitment 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. They are
designed to stimulate the student's resource-
fulness and ideas.

The Laboratory Requirement is not intended
primarily to teach specific techniques for later
experimental work, to provide broad coverage
of a particular field, or to be a complement to
a specific subject. The Laboratory Subjects
are planned to give each student, at an early
sttc'e of the educational experience at MIT, an
oppsutunity to work on one or a few exped.
mental problems, exercising the same type of
initiative and resourcefulness as a professional
would in similar circumstances.

1.101 Decision Analysis Laboratory (0-3-3)
1.102 Transportation

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

Laboratory (0-3-3)
1.106 Laboratory Projects In

Environmental Fluid
Mechanics (0-3-3)

1.107 Aquatic Chemistry and Biology
Laboratory (2-6-4)

1.53 Constructed Facilities Projsct
Laboratory (0-3-3)
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Physical Education
Requirement

2.871

2.672
2.86

3.081
4.071J

4.315J

5.310
5.311

6.101

6.111

6.141

6.151

6.161

6.162

6.163

6.182

7.011

8.11

8.12

8.287J

9.50
9.63

11.185J

11.188
12.066

12.117J

13.901

13.902

14.31
15.301

16.622

17.203

20.002

22.069

22.09

Observational Techniques
of Optical Astronomy (3-4-5)
Ocean Engineering
Laboratory 1 (1-5-0)
Ocean Engineering
Laboratory 11 (1-5-0)
Econometrics (3-4-5)
Managerial Psychology
Laboratory (2-6-4)
Experimental Projects ii
(1-7-4)
Evaluation Research
Laboratory (3-5-4)
Laboratory In Applied Biology
(2-8-4)
Undergraduate Plasma
Laboratory (1-8-3)
introductory Nuclear
Measurements Laboratory
(2-6-4)

Measurement and
instrumentation (2-3-4)1
Project Laboratory (1-3-2)
Manufacturing Processes and
Systems (3-3-3)1
Materials Laboratory (2-6-7)
Design with Microclimate
(3-6-3)
Structural Engineering
Laboratory (0-3-3)
Laboratory Chemistry (2-8-2)
Introductory Chemical
Experimentation (2-8-2)
Introductory Electronics
Laboratory (3-8-1)
Introductory Digital Systems
Laboratory (3-7-2)
Energy and Electromechanical
Systems Project
Laboratory (0-10-2)
Semiconductor Devices
Project Laboratory (0-12-0)
Modem Optics Project
Laboratory (2-8-2)
image Transmission Systems
Project Laboratory (0-12-0)
Strobe Project Laboratory
(2-8-2)
Psychoacoustics Project
Laboratory (3-4-5)
Introduction to Experimental
Biology (2-8-4)
Physics Project Laboratory I
(1-6-5)
Physics Project Laboratory 11
(1-6-5)
Observational Techniques
of Optical Astronomy
(3-4-5)
Research in Psychology (2-8-2)
Laboratory in Cognitive
Science (0-6-6)
Destgn with Microclimate
(3-6-3) '
Social Research Methods (3-6-3)
Analysis of Geological Materials
(2-6-4)

The Institute expects all students to complete
the physical education requirement by the end
of the sophomore year. A student by then
should have accumulated the required eight
points of physical education credit (four
courses) and should have passed the swim-
ming test or taken a beginning swimming
class. Credit may be gained by participation In
the intercollegiate program (four points for
each sport in season). A maximum of four
points (two points per year) may be gained by
physical activities within the ROTC programs.

There are Advanced Credit Examinations
available for physical education credit in a
number of different activities, including a phys-
loal fitness test. Two points of credit are
awarded to students who pass one of these
proficiency tests. Appointments are made with
the Director of Physical Education. These ex-
ams must be completed no later than one
week prior to the last day of classes for that
year. A maximum of four points may be
gained through Advanced Credit Fxamina-
tions.

Sophomore transfer students must complete
four of the eight-point physical education re-
quirement. Transfer students beyond the
sophomore year are not subject to the require-
ment.

The program consists of both individual and
team activities with the major emphasis placed
on the development of skills which can be uti-
lized in later life. A student who elects Individ-
ual soorts such as golf, tennis, sailing, or
squash will receive a strontg background in the
fundameotals of the sport. Instruction in phys-
Ical educavlon classes often leads to intercolle-
giate or intramural participation.

students t 2.671 or 2.8(0 unilt) resiveS unlts ofamf
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Independent Activities Period

Program Information

Physical education courses are offered In four
quarters - two quarters for each Wmester -
and also during the Independent ActIvitles Pe-
rod. Students register for these courses In the
du Pont Gymnasium on the day of or the day
after the academic registration and on a spe-
cific date halfway through each semester.

First Quarter:
Archery, bicycling, ballet 1, 11, jazz, exercise for
body conditioning, partner dance, Introduction
to dance, touch football, ultimate friabee, golf,
lacrosse, pistol, rugby, sailing, scuba, sculling,
exercise fitness, swimming (beginning), Tal
Chi, tennis (beginning and Intermediate),
weight training, and yoga.

Second Quarter:
Badminton, basketball fundamentals, ballet I,
1I, jazz, partner dance, introduction to dance,
fencing, hockey, judo, karate, pistol, exercise
fitness, skating (beginning), squash, swimming
(beginning and intermediate), weight training,
and yoga.

lAP:
Badminton, baseball (hitting), aerobic dance,
ballet I, jazz, partner dance, fencing, applied
fitness, hockey, box lacrosse, pistol, exercise
fitness, skating (beginning), figure skating,
squash, tennis (intermediate and advanced).

Third Quarter:
Basketball, ballet 1, 11, jazz, exercise for body
conditioning, partner dance, fencing, figure
skating, hockey, judo, karate, pistol, scuba,
exercise fitness, skating (beginning), skin div-
Ing, squash, swimming (beginning, advanced
beginning, and advanced techniques), volley-
ball, weight training, and Red Cross advanced
lifesaving (part 1).

Fourth Quarter:*
Archery, ballet I, 11, jazz, partner dance, exer-
cise for body conditioning, ultimate frisbee, la-
crosse, golf (beginning), pistol, sailing, scuba,
sculling, exercise fitness, softball, squash,
swimming (beginning and advanced tech-
niques), tennis (beginning and intermediate),
weight training, and Red Cross advanced life-
saving (part 2).

Upon entering MIT each student must submit
a record of a medical examination and take a
swimming test. Students who fall the swim-
ming test are expected to take beginning
swimming. If the medical examination Indi-
cates any disability which might limit physical
activities, athletic requirements may be modi-
fled after consultation with the MIT Medical
Department.

Independent Activities Period (IAP) is a three-
and-one-haf week period In January in which
faculty members and students are freed from
the rigors of regularly scheduled classes to
provide time for flexible teaching and loaming
and for independent study and research. Stu-
dents are encouraged to explore the educa-
tional resources of the Institute not only by
Individually arranging projects with faculty
members but also by organizing and partici-
pating in special IAP activities. Or they may
pursue interests Independently either on or off
campus.

Although IAP is kept as unstructured as possi-
ble, it Is part of the academic program of the
Institute - the "1" in MITs "4-1-4" academic
calendar. Grades are deemphasized during
IAP. However, students may earn academic
credit for work directed by a faculty member.

Activities

More than 600 activities are offered each year
on a wide range of subjects, both academic
and nonacademic. lAP activities are organized
mostly by Irelividual volunteers only one or two
months in advance. They may be organized or
attended by anyone at the Institute: faculty,
student, or employee.

Students find organizing IAP activities a re-
warding challenge. For many, It Is their first
opportunity to teach and to develop a program
from their own Ideas. In doing so, they acquire
organizational and leadership skills that prove
Invaluable to their careers.

The lAP Activites Planning Sheet offers tips
on organizing an activity, and provides an ap-
plication form for publicizing the activity In the
lAP Guide. Funds are available from the Insti-
tute and individual departments and organiza-
tions 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 do not have to pay additional tuition
or room fees to the Institute during IAP. Stu-
dents can purchase additional points on their
fall term meal plan to cover IAP, or they can
purchase a new plan for IAP and the spring
term at the beginning of January.

Academic Credit and Grades

Most activities do not offer credit. However, It
Is possible for a student to earn academic
credit by doing work under the direction of a
faculty member for a subject listed In the Bul-
letin. The total cumulative credits a student
can eam for all subjects is limited to six credit
hours, except by special authorization. A de-
partment head may approve the awarding of
up to 12 units In a single subject, but In all '
other cases, undergraduates must petition for
approval from the Committee on Curricula,
and graduate students from the Committee on
Graduate School Policy. Credits received by
freshmen during IAP are not counted toward
their credit limits for the spring or fall term.

A student wishing to receive credit must work
out the details Individually with a faculty super-
visor who will choose an appropriate subject
listed in the course catalogue and determine
how much credit Is to be offered. In keeping
with the generally unstructured nature of IAP,
there is no formal registration process.

During IAP all work done for credit under a
special problem subject number Is graded
pass/fall. However, if a regular subject is of-
fered in intensive form, letter grades may be
given.

Students are asked to remind their faculty
supervisors that their IAP grades must be
turned in by the last day of IAP. Grade reports
will be sent to the students and to their de-
partments at the beginning of the spring se-
mester. Students not receiving grade reports
when expected should check promptly with
their supervisors or the Registrar's Office to be
sure the grades are submitted and recorded.
Late credit and grades must be submitted on
special reporting forms by the end of the fol-
lowing spring term. IAP grades will not be ac-
cepted after the end of the academic year.

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,
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 Student Finan-
cial Aid Office, Room 5-119, (617) 253-4971,
by December 1, of their Intent to attend IAP
full time. Students must receive credit, i.e., a
letter or pass/fall grade, to be entitled to VA
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Admissions

Freshman Admissions

benefits. Anyone who receives VA benefits for
IAP but falls to eam sufficient credit will have
to return the money. Veterans should make
sure their Instructors turn In their grade sheets
to the Registrar's Office on the last day of IAP.

Special Students

Applications for special-student status solely
for IAP will not be accepted. Special students
admitted to the first or second term do not au-
tomatically have IAP privileges. Those admit-
ted by the Director of Admissions must consult
the Admissions Office concerning their status
during IAP. Former students readmitted as
special students by the Committee on Aca-
demic Performance (CAP) or the Office of the
Dean for Student Affairs (ODSA) must consult
the appropriate office for permission to partici-
pate 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 addi-
tional 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 wdrk
should consuit Ronald P. Smith, Room E19-
341, (617) 263-4781, if they were admitted by
CAP or ODSA, or the Admissions Office if
they were admitted by the Director of
Admissions.

Student Exchanges

A one-for-one exchange between an MIT stu-
dent and someone from another school Is per-
mitted during IAP provided the students
themselves assume responsibility for all ar-
rangements, travel expenses, and any addi-
tional 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 7-108,
(617) 253-1688. 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 ad-
vantage of their flexible schedules during lAP
to participate in Wellesley's winter term. In re-
turn, Wellesley students are invited to join IAP
actMties.

Secondary School Preparation

The majority of undergraduate men and
women enter MIT as members of the fresh-
man 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
opportunities that such schools afford. The ef-
forts of secondary schools to achieve regional
accreditation are encouraged by MIT.

The preparatory course in high school should
be a broad one. The applicant should be able
to read with Intelligence and sensitivity and to
express ideas clearly in oral and written form.

in mathematics, emphasis should be on thor-
ough mastery of fundamental principles, oper-
ations, and definitions rather than on covering
a wide range of topics. The applicant must
have sufficient preparation for the study of
calculus.

Work in the sciences should stress basic con-
cepts and quantitative understanding, both in
classroom work and in the laboratory setting.
Chemistry and physics are particularly appro-
priate preparation for the freshman year sci-
ence subjects at MIT.

MIT encourages the study of history and of
foreign language In depth. The choice of lan-
guages should be guided by the educational
opportunities open to each student, by special
Interests or cultural ties, and by the nature of
his or her probable future work.

MIT expects that its applicants will have taken
the broadest, most rigorous program available
to them In high school. Ideal preparation for
study at MIT would Include English (four
years), history/social studies (two or more
years), mathematics through trigonometry or
beyond (four years), laboratory sciences (biol-
ogy, chemistry, and physics), and a foreign
language. Interested students whose high
school program does not match this In every
detail are also urged to apply, since the selec-
tion of an entering class with broad interests
will be guided as well by the quality of the ap-
plicant's work, by special strengths, and by
apparent promise on grounds of intellect,
character, and particular goals.

Application Procedures

Applicants are encouraged to write during their
junior year for information. Candidates in their
last year of high school must complete the ap-
plication process by January 1 of the year of
Intended entrance. Early action is available
with a November 1 deadline. There is a $40
anolication fee. Notices concerning the admis-
sion decision will be mailed in early April. MIT
may limit enrollment in particular fields of
study to balance resources with student
Interest.

Personal Conferences (interview)

Each applicant for admission to the freshman
class is required to have a personal confer-
ence 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 confer-
ence to a member of the Council. This
conference is an essential part of the final ap-
plication 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 g am and 4 pm.
Student-guided tours of the campus leave the
information Center each weekday (except holi-
days) at 10 am and 2 pm. Students and par-
ents are welcome at the Admissions Office
after the tour for a group session with a mem-
ber of the staff.

Project interphase

in order to help newly admitted students make
a successful transition from high school to the
pace and style of MIT, a special summer ses-
slon Is available, called Project interphase.
This program offers subjects In math, science,
and the humanities which build on the regular
entrance requirements, it is available by invita-
tion at no expense to the student.
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International Undergraduate
Admissions

Deferred Admissions

Occasionally students wish to take a year off
between secondary school and college. In
such cases we recommend following normal
admissions procedures, as If going directly on
to college, and then requesting deferral. If dur-
ing the "deferred" year students take post-
secondary school academic work approximpt-
ing 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 capabil-
1le. It offers four procedures by which stu-
dents entering from secondary schools may
receive credit and/or placement: 1) the Col-
lege Board Advanced Placement Program;
2) G.C.E. A-levels, the Intemational Baccalau-
reste and other foreign exams; 3) college
transcript; and 4) Advanced Standing Exami-
nation 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 in
the tests (normally a score of four or five).
High scores on the humanities, arts, and so-
cial sciences tests will enable students to re-
ceive credit (9 units) applicable to the
unreebifted elective requirements only. This
credit will not reduce the General Institute Re-
quirement of eight one-term subjects in the
areas of Humanities, Arts, and Social ScI-
ences. The students are notified of the credit
offered before registration so that they may
discuss an optimum schedule with their faculty
advisor.

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.

Entrance Examinations

All candidates are required to take the follow-
ing tests given by the College Board: the
Scholastc Aptitude Test and three one-hour
Achievement Tests In 1) Level I or Level it
Mathematics, 2) Physics or Chemistry or BIol-
ogy, 3) English or History. (Test requirements

vary for International students. See the section
on Entrance Examinations for international
Applicants later In this chapter for more de-
tails.)

The College Board offers these examinations
In the principal cities of the United States and
abroad. The test dates, locations, and fees for
the current year are outlined In an information
Bulletin which may be obtained from moat
guidance offices or by writing directly to the
College Board, Box 592, Princeton, New Jer-
sey 08540. Residents of westemn North Amer-
boa, Mexico, Australia, Pacific Islands, Japan,
and China should apply to the College Board,
Box 1025, Berkeley, Callfomla 94701.

Candidates for admission for September 1987
must have completed the SAT and the three
Achievement Tests by the January 1987 test-
ing date. Either the SAT or up to three
achievements may be taken on any scheduled
test date. Note that the closing dates for regis-
tration are usually four to six weeks (five to
seven weeks outside the United States) before
the test date. The College Board should be re-
quested to send all scores directly to MIT. A
student taking physics or chemistry In the jun-
[or year should probably take the achievement
test In that subject during the spring of that
year.

Early Action

MIT requires a complete set of application ma-
terials before considering a candidate for ad-
mission. A student who-takes all the required
College Board tests by the November test
date 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 so excellent that
the applicant will clearly be acceptable later,
the Committee will offer admission Immedi-
ately; If it feels that it should compare the ap-
plication with those of other candidates, it will
hold the application until the usual time in
April. A student who seeks early consideration
in this way is free to file applications 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. This,
therefore, is not an "early decislon" plan in the
usual sense.

The MIT undergraduate student body Includes
many citizens of other countries. These stu-
dents normally join the freshman class after
completing secondary school at the highest
level. Students are encouraged to plan to
complete the Higher School Certificate, the
General Certificate of Education at the Ad-
vanced Level, the Baccalaureate, the Maturie,
or the Gymnasium, even though decisions on
admission to MIT are made In April, 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 Director of Ad-
missions at least a year before they plan to
enter MIT for information about application
procedures. Included in the response will be
the leaflet, "Information for Prospective Inter-
national Students" and a Preliminary Applica-
tion form, which should be returned 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 con-
sideration, the Final Application must be com-
plated and retumed by January 1, and the
required College Board tests (including, if ap-
propriate, the Test of English as a Foreign
Language - TOEFL) must be taken 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 No-
vember 15 will be too late for the next fall
term.

Personal Conferences

Applicants will receive instructions about ar-
ranging a personal conference witha local
MIT alumnus, a representative of the Institute
for intemational Education, or the America-
Mideast Educational and Training Services
(AMIDEAST).

Pacility In English

Lectures, laboratory sessions, and written or
oral examinations at MIT are conducted in En-
glsh. All applicants must present evidence of
their ablity to carry on their studies in English.
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Entranoc Examinations for International
Applicants

The College Board tests listed In the Entrance
Examination section of this chapter are the re-
quired entrance examinations. If English is not
the applicant's native language, the following
group of tests may be substituted: the Test of
English as a Foreign Language (TOEFL) and
the Physics Achievement Test, the Chemistry
or Biology Achievement Test, and either the
Math Level I or Level 11 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; an earlier test date is preferable.
Write directly to the Educational Testing Ser-
vice, Princeton, New Jersey 08540, USA, for
registration material and Information.

College Transfer
Admissions

Students who have completed two or more
terms with high standing at a recognized col-
legs, university, engineering school, or junior
college and who are entItled to honorable dis-
missal may be admitted to MIT by transfer.

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 en-
rollments exceed educational resources.

Transfer applications may be submitted at not
less than one-year intervals. It Is not custom-
ary to admit as a transfer a student with only
three terms needed to complete the degree.

Transfer applicants will be asked to take the
College Board tests prescribed In this chap-
ter's section on Entrance Examinations for
freshman applicants If they have not already
done so. Transfer applicants from foreign
countries are admitted only for September.

International transfer students should read
carefully the sections on Entrance Examina-
tions and Entrance Examinations for Intern-
tonal Applicants In this chapter.

Application Procedures

College students considering transfer to the
Institute should file a Preliminary Application
for Admission with Advanced Standing three
months before the final application deadline.
These forms can be obtained from the Admis-
sions Office. The Director of Admissions will
advise the applicant of those parts of the reg-
ular entrance requirements which must be
fulfilled and will arrange to have the final appli-
cation materials sent.

The applicant must assure that the following
documents are submitted:

1
A completed Application for Admission with
Advanced Standing, Indicating all subjects that
will have been completed at the time of trans-
fer, and a nonretumable fee of $40. Final ap-
plications should be submitted by April 1 for
entry in September and by November 15 for
entry in February.

2
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.

3
Catalogue pages describing all subjects which
will have been completed.

4
Three evaluation reports, Including two from
faculty Instructors and one from the Dean of
Students or the applicant's chief faculty ad-
visor. These forms should be sent directly to
the Director of Admissions by the endorsers.

5
A report from the secondary school attended.
The report should be made on the form pro-
vided with the Final Application and should be
sent directly from the secondary school to the
Director of Admissions.

6
College Board test reports, as appropriate.

As soon as the completed application has
been reviewed, the applicant will be Informed
of the decision. In some cases, action may be
deferred until final grades are available.

Applications for Financial Aid

An intention and a wish to apply for financial
aid may be shown on the admission applica-
tion form In space provided for that purpose.

Advanced Credit

Students admitted by transfer may expect to
receive credit for subjects of study completed
elsewhere that are substantially equivalent to
corresponding Institute subjects. A grade
above the lowest passing grade is necessary.

A student In another college contemplating
later transfer to MIT should plan a program of
studies to Include as much as possible of the
mathematics, physics, and humanities as is In-
cluded In the typical first two years of MIT.

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 Director of
Admissions.

so
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Costs for Undergraduate Students

Special Student
Admissions

The Institute can accept a limited number of
undergraduates who wish to carry on special
studies and who are not degree candidates at
MIT. The students enroll as Special Students;
they enjoy most of the piileges of the regular
student but are not olgibie for campus hous-
Ing or financial assistance from MIT. Special
Student status Is granted for one form only,
and a new application for this status is re-
quired for any successive terms. Admission as
a Special Student do - not carry any Implica-
tion for other applications. Applicants must
present academic credentials of high quality or
evidence of professional experience relevant
to the proposed program. Admission Is subject
to available places in the classroom, labora-
tory, or studio.

The Director of Admissions will supply applica-
tion forms upon request. There is an applica-
tion fee of $40 for the first application; it Is not
required 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.

Undergraduate student costs for the academic
year 1986-87 at MIT will be about $17,700.
This Includes tuition, comprehensive health
care servloes at the MIT Medical Department,'
and an estimate for the costs of room and
board, books, supplies, and personal ex-
penses. 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, de-
pending upon Interests, tastes, and needs, but
typically total about $1,550. 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 Finan-
cial Aid Office uses a standard allowance of
$4,350 for room and board. Thus, total costs
for most undergraduates during the 1988-87
academic year will be In the range of $16,600
to $19,500 (excluding cost of travel), depend-
ing upon specific choices.

The following are the basic tuition and fee
at MIT for the academic year 1986-87 (which
are reviewed and likely to Increase each year):

Tuition $11,800
Hospital and Accident
Insurance Policy' 276

The tuition for all regular undergraduates In
the first and second terms Is $5,900 per term.
Full tuition In either term of the current year
covers the January Independent Activities Pe-
riod. Tuition rates for the Summer Session are
published each year In the Summer Seaion
Catogue, available In March.

Payment of the tution fee ents a regular and special
registered student. to comprehensive health care rvioes at
the MIT Medal D ieparment, kcluding onfation with a
wide rang of epecilleta dsgnoat studies, and
hospitilizaton In the MIT inrmary. Charges are made for
co"'pleon o prrenlry mneda forin, adniinslraion of pre-

etyIimunizatione, obstrical ca ouin eye 0
examinatllom, elective podiatry. oontW len service, hearin
aid avalualona, ear piercing, dental care, miesed
appointments, contraceptive devies, prescripton dngs, and

hessgical procedures and outi dianostic t which
should be covered by the student's hoepital and acident
insurance policy.
2
The MIT Student insurance covers hospitalization (other than
In the MIT Infirmary) due to acoidents or illness The
insurance Is required for a students, uneas they can
demonstrate that they have equivalent coverage hrough
another Inswance program. A medical Insurance plan for a
student's pouea and children Is also avaNAle. The additlonal
cost Or Insurance coverage for the spoues for outside hoeptal
care is 0114. Hospitaation insurance for one or more
children may be purchased for SMrs. A student wNhdrawing
during a term may cancel this Insurance and receive a credi,
as of the end of the month when csnoeed. by llng a request
at the Student Insuranoe 01hO0,e

Regular undergraduate students who have
permission to take only a few subjects are Ini-
tially charged full tuition. They may then apply
to have their tuition charged at the rate of
$190 per unit with the approval of the Faculty
Advisor and, If not a degree candidate, with
the additional approval of the Dean for Stu-
dent Affairs. In such oases, there is a mini-
mum fee of $1,140 for subjects and a
minimum of $490 for 8.S. thesis. Upon recom-
mondation of a department, the Dean for Stu-
dent Affairs, In the case of an undergraduate
student, may set a special tuition rate in
unusual circumstances.

Special Students are charged at the rate of
$190 per unit taken either for credit or not for
credit. This unit fee applies up to a maximum
of $5,900 per term and is subject to the fol-
lowing minimum fees:

Members of the MIT Community
Other Special Students

$1,140
1,710

Cooperative programs offered by MIT provide
industrial and research experience through a
sedes of work assignments Interwoven with
regular study at the Institute. The tuition fees
for cooperative programs are as follows:

Aeronautics and Astronautics,
Course XVI-B
Mechanical Engineering, Course Il-B
Ocean Engineering, Course XII-C
June-August (15 months), $11,800

Electrical Science and Enginsering or
Computer Science and Engineering,
Course VI-A
Engineering Internship Program
July 1 to June 30, $11,800

Materials Science and Engineering,
Course Ill-B
September-August, $11,800

In each case, the first $5,900 Is due on the
date when the first-term tuition Is normally
due, and the additional $5,900 Is due on the
date when the second-term tuition is normally
due. Upon recommendation of the Depart-
ment, a special tuition rate for any cooperative
program may be set in an unusual case.

3
ilndudes Special Students who are tui-nie amp
Instute or who are dependents of ful-time e m
regular udents.

' , A 4
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Financial Aids

Grants, Loans, and
Employment

A student withdrawing before the start of a
term is not charged any tuition for that term
and any tuiton payments previously made for
that term will be refunded. Students withdraw-
ing during the firt or second term are charged
one-twel-ftof the stated tuition for the term for
each week from the startng date of the term,
with a minimum two-week charge. A student is
flnancialiy obligated to the Institute for the tul-
tion appropriale to the program approved by
his or her Faculty Advisor or Graduate Regis-
traon Officer atthe begn of the term.
Any subsequent reduction in fee is based on
the date that canceliation of a subject or with-
drawal 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 Tie IV Federally based student fi-
nancial aid programs, and aid Is reduced as a
consequence of the reduced tuidon, the total
amount of Thie IV aid (minus work earnings) is
divided by the total amount of aid awarded
(minus eamings), to determine the amount to
be credited toward the students charges and
the amount to be returned to the Title IV
programs.

Misoelneous Pes61

Application fee for undergraduate
admission $40

Lte registration fee 20

Fee for late fling of degree
application 20

Proesseng Charges for Late Changes In
11t1@gleotration

A late change In registration, which requires
the approval of the appropriate faculty commit-
tee, is defined as adding a subject after the
fith week or dropping a subject during the last
three weeks of a term. The processing charge
for late changes is $20 for one subject or $25
for more than one subject In a petition. There
is an additional charge of $20 for a retroactive
change after the end of the term.

The miscellaneous fees and processing
listedabove are nonrefundable, un-

less In erro.

Paynts
Financial registration forms and Instructions,
and bis for tuition and other charges wil be
sent to admitted and condnuing undergraduate
students prior to the beginning of each term.
Students must, by the due date specified in
these instructions, either make their payment
In full or elect the MIT Bursary Payment Plan,
which allows for monthly payments plus appl-
cable finance charges.

If the Bursary Payment Plan is elected, it must
be signed by the payment due date to avoid
the late payment charge. Students not on the
Bureary Payment Plan will be assessed a late
payment charge of one and one-half percent
on the outstanding balance of their accounts
each time a payment due date is missed.

All outstanding blls must be paid, or sasfao.
tory arrangements made with the Bursar for
their payment, before a student wil be aliowed
to register at the beginning of a term, or, If a
candidate for a degree, be alowed entry of his
or her name on the degree list.

Registered student status can be withdrawn at
any time for delinquency In payment of bils.

To assist students In meeting each term's ex-
penses, various financial aids are available for
which the student may be eligible (described
in the next section). Students and their fami-
lies might also consider the Installment plans
that are offered. The MIT Parent Loan Plan,
for example, is designed to help parents who
are US citizens pay for four years of college
costs over a period of about seven years. MIT
provides the basic funds for this monthly In-
stallment plan, which offers loans at moderate
Interest rates to parents whose annual family
income is between $25,000 and $125,000.
There are also a number of prepayment plans
and extended payment plans available through
commercial banks, lending Institutions, and In-
surance agencies. Information on these Install-
ment programs will be sent in the spring to the
parents of newly admitted students. Other-
wise, information may be obtained from John
Rogers, MIT Parent Loan Plan Office, Box
160, Boston, Massachusetts 02101, (617)
253-4134.

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 famiy fnancial con-
ditlon, This will be provided by meane of the
Financial Aid Form of the College Scholarship
Service. A copy of the most recent parental
Federal tax return Is also required in support
of aid applications.

MIT Is fortunate in having received gifts from
many benefactors, alumni, and friends to help
support the educational needs of MIT stu-
dents. There are currently more than 400 such
scholarships from which student aid is an-
nually drawn. Additionally, there are about 40
loan funds which have been established for
special purposes. The Student Financial Aid
Office reviews applications and makes awards
from the most suitable Institute grant and loan
resources. Appicants need not request aid
from a speciflc fund. Any need which is not
met by a grant may be offset by long-term
loans or employment.

Students are expected to work and/or borrow
as the first Incremental portion of their aid.
Student loan funds' allow the student to pay
part of the cost 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 only on the
basis of demonstrated financial need. Under-
graduate loans are provided from several
sources, Including the National Direct Student
Loan (NDSL) Program, the Guaranteed Stu-
dent Loan (GSL) Program, and the insttute'a
own Technology Loan Fund.

Jobs are not assigned; rather, students are
expected to arrange employment most suit-
able to their own talents and avallable time.
The Student Employment Office maintains lot-
ings of positions to assist students seeking
jobs. Employment is usually available on cam-
pus in dining facilties, residence hafs, offios,
fibrares, and laboratories. LisUngs of off-
campus positions are also avalable. Students'
eamings from part-time work depend on expe-
rience, and, of course, availability of time.
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Applications for Financial
Aid

All students considering MIT are strongly
urged to explore all areas of financial assis-
tance, Including government scholarship and
loan programs. A number of states sponsor
scholarship programs for residents, and Infor-
mation concerning eligibility may usually be
obtained from secondary school guidance
counselors. The Federal Guaranteed Student
Loan Program for students and the Parent
Loans for Undergraduate Students Program
are administered by Individual states. Local
banks and lending Institutions should be able
to answer Initial Inquiries concerning the avail-
ability of loans under these programs.

Parents of students considering MIT might
also explore the Institute's Parent Loan Plan,
which Is described In the preceding section.

Entering Freshmen

Students who wish to be considered for finan-
cial aid should complete the appropriate form
included with the ApplicatIon for Admission. In
addition, the Financial Aid Form (FAF) appro-
priate to the applicant's state of residence
must be submitted to the College Scholarship
Service. An application for admission Is not
prejudiced by an application for aid. The two
declslons are entirely separate - need criteria
have no bearing on admissions, and admis-
sions criteria have no part in determining qual-
Ifications for aid. There Is no reason to be
deterred from applying concurrently to MIT for
admission and aid.

International Students

MIT has small amounts of grant and loan
funds which are made available to exception-
ally well-qualified international undergraduate
students who demonstrate financial need. In-
ternational students who wish to be consid-
ered for financial aid should complete and
return the appropriate form Included with their
admissions material by November 1. Because
financial aid funds are severely limited, stu-
dent should seek aid from sources other than
MIT. International students should make all
arrangemoent for their finanoial obligations
to MIT for their entire stay In the United
States before leaving their countries.

Transfer Students

Transfer applicants who wish to be considered
for financial aid may obtain an application form
and detailed instructions by completing the
Request for MIT Financial Aid Application in-
cluded in the Admissions packet.

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 re-
cipients in early 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 application process Involves pro-
viding a copy of the most recent parental Fed-
eral tax return, and all applicants are expected
to apply concurrently for a Federal Pall Grant,
a stats grant where applicable, 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, br 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 the taking of an Initial degree.

Eligibility for undergraduate loans continues
through all undergraduate programs; and, of
course, a student becomes eligible for the
higher loan maximums which pertain to gradu-
ate students upon admission to a graduate
program.

4-'
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Graduate Education
at MIT

Organization of the
Graduate School

For almost a century the MIT Graduate School
has provided an Ideal environment for ad-
vanced study by faculty and students worldng
together to extend the boundarles of knowl-

. The Institute has traditionally been a
na al leader in engineering graduate
education, and its doctoral programs In mathe-
mats and the physical and ife sciences have
usc attained national prominence. In addition,
top-ranked graduate programs In economics,
political sclence, linguistics, architecture, urban
studies, and management have broadened the
spectrum of graduate education.

The most Important factor In the effectiveness
of the graduate programs at MIT Is the quality
of the faculty. MIT Is proud of its nationally
end Internationally recognized faculty of schol-
are and academic leaders who are also effec-
tive teachers and research collaborators.

The broad scope and high quality 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 an
Increasing number of minority students have
participated In academic work at all levels. Al-
though MIT has always welcomed women
graduate students, the last 15 years have
see n increase In the number of women at-
tendIng MIre graduate programs, particularly
those in nontraditional fields of study. This
broad representation of students from diverse
backgrounds has contributed greatly to the
richness of the MIT community and to the ex-
colence of the Graduate School.

Graduate education at MIT places special em-
phaals on the relevance of science and tech-
nology to the complex problems of society.
Such problems typically require an Interdisci-
plinary appmach Involving expertise In several
different departments.

Extensive resources for graduate study have
developed naturally at MIT from a long tradi-
tion of emphasis on contributions to new
knowledge. The wealth and diversity of teach-
ing and research resources are described in
the departmental sections (Chapter VII).

Although most graduate students find their In-
terests served by programs available within a
single department, many elect to work In Inter-
dIscipinary fields (described in Chapter VI)

may reach into two or mor, depart-
ments and involve interdisciplinary work In any
of MIT's laboratories. Special committees
provide guidance in certain areas such as
biomedical engineering, economics and urban
studies, environmental gneering, instrumen-
taton, management of technology, medical

engineering, medical physics, operations re-
search, technology and policy, transportation,
and health policy and management. In other
fields, interdepartmental programs are admin-
Istered by ad hoc committees appointed for
each student and approved by the Dean of the
Graduate School.

MITs Libraries are a major resource for grad-
uate study. Comprehensive collections are
available In fields in which MIT concentrates
he teaching and research efforts. Through par-
ticipation in the Boston Library Consortium,
graduate students, faculty members, and
research staff have access to extensive
research collections outside the Institute.

Another resource for graduate study l the
cross-registration programs with Harvard Uni-
versity, Wellesley College, and joint degree
programs with the Woods Hole Oceanographic
Institution. Limited study opportunities are also
available at Brandeis University, Tufts Univer-
sity, and Boston University. Details are given
later in this chapter.

Graduate students are encouraged to use
MIT's extensive athletic facilities. Teams
composed of undergraduate and graduate
students participate In Intercollegiate competi-
tions, and the intramural athletic program.

Graduate students are welcome to share in
the cultural and social activities and recrea-
tional facilities at MIT. Concerts and dramatic
performances are frequently given by Institute
groups and professional performers. Leadere
In many fields give lectures and seminars on
the campus, which are open to all members of
the Institute community. MIT students also
take advantage of the numerous cultural and
Intellectual opportunities in the Boston area,
Including free admission to the Boston Mu-
seum of Fine Arts and the Museum of
Science.

Independent Activitles Period

During the January Independent Activities Pe-
riod (IAP), graduate students may pursue their
own Interests, Including thesis research and
preparation for qualifying exams. They also
may lead or participate In activities specially
organized for this three and one-half week pe-
riod.

Graduate students should read the section on
IAP in Chapter iII of this catalogue for details
concerning credit, VA benefits, and special
student st9tus.

The administration of the Graduate School
rests with the President, the Provost, and the
Associate Provost of the Institute, the Dean
and Associate Deans of the Graduate School,
and the Committee on Graduate School Pol-
icy, whose members Include a faculty member
from each department offering graduate de-
grees, and two representatIves from the Grad-
uate Student Council. The Institute has a
single faculty which Is responsIble for both un-
dergraduate and graduate instruction.

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 depart-
mental committee on graduate students, in-
cluding one or more graduate registratipn
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) 253-4060) and from de-
partment graduate offices.

.......
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General Requirements for
Graduate Degrees

Master's Degrees

Graduate students may pursue work leading
to any of the following degrees: Doctor of Phi-
losophy, Ph.D.; Doctor of Science, Sc.D.; En-
gineer's degres; Master of Science, S.M.;
Master of Architecture, M.Arch.; and Master in
City Planning, M.C.P.

Graduate programs are described in Individual
department statements In Chapter VII.

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 pro-
grams may- be chosen from several depart-
ments, with the approval of the departmental
faculty advisor to ensure that the overall pro-
gram Is Integrated and well balanced with re-
spect to a major field of study.

A student who expects to come to MIT for an
advanced degree after eaning an undergrad-
uate degree elsewhere should give careful
attention to undergraduate prerequisites as
outlined by each department or program else-
where In this catalogue. For more specific in-
formation, a student should consult the
department or program In which he or she
wishes to enroll.

MIT degrees are "r6sidence" 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 Insti-
tute community. 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
appropriate departmental committees on
graduate students.

Master of Science With and Without
SpecIfloatIon

For the degree of Master of Science, the stu-
dent must have satisfactorily completed a pro-
gram of study of at least 66 units, of which 42
units shall be "A" subjects, and a thesis, ap-
proved by the department In which he or she
Is enrolled. If 34 units of "A" subjects and the
thesis are in a single approved program, as
determined by a departmental committee on
graduate students, the degree will be recom-
mended with specification in this program; oth-
erwise, the degree will be recommended
without specification. The same high standard
of academic performance In a program ap-
proved by a departmental committee on grad-
uate students Is required for either degree.

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
Interdepartmental committee, approved by the
Dean of the Graduate School, may be ap-
pointed to supervise a program in an Interde-
partmental 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 regular 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
research or writing Is actually in progress and
during the term his or her name appears on
the degree list.

Master of Architecture

The graduate degree of 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 Architec-
ture, of which 96 units must be In "A" sub-
jects, and the completion of a thesis
acceptable to the Department of Architecture.
The candidate must also have been in resi-
dance 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
complete the degree.

Master in City Planning

For the degree of Master in City Planning, the
student must have satisfactorily completed a
minimum of 120 units of which at least 42
units must be "A" subjects. The student must
also have completed a thesis acceptable to
the Department of Urban Studies and Plan-
ning, and have been In residence for a mini-
mum 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 aca-
demic recognition In two professional fields
which, although distinct, have a substantial In-
terdisciplinary connection. The InterdledsplInar-
Ity Is Implemented both by a balan choice
of academic subjects, made with the advice of
each of two departments, and by selection of
the 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 depart-
ment. At least 42 of each group of 66 units
must be graduate "A" subjects. In those In-
stances where, for a single regular Master's
degree or program, a department or program
has established unit requirements in excess of
the foregoing minima, the department or pro.
gram requirements prevail. Such excess of
units in one department may not be applied to
the program in the other department.

Students 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 qualify for a Master of
Science degree in Real Estate Development in
addition to a Master of Architecture or Master
in City Planning degree will be required to sat-
Isfy all the subject requirements of each pro-
gram. Specifically, candidates for the M.Arch.
degree must take 164 subject units (of which
96 units must be "A" subjects), and M.C.P.
degree candidates must take 120 subject units
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Engineer's Degrees

(of which 42 units must be "A" subjects). Indi-
viduals who wish to qualify for the Master's
degree in Real Estate Development also must
take at least 68 subject units unique to this
program, of which at least 42 units must be
"A" subjects. Students may submit a single
thesis provided it is acceptable to the graduate
committees of each program. It Is expected
that such dual-degree candidates will be in
residence at least one term longer than ex-
pected if enrolled in a single-degree program.

Participation In a dual-degree program is lim-
ted 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 in-
cludes 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 be 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 v, thesis reader.
The thesis must be of superior quality. The
single thesis cannot be used to satisfy the
thesis requirements 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 depart-
ments.

Two theses. Occasionally an individual, al-
ready admitted to the Graduate School, may
wish to simultaneously pursue two distinct
Master's programs, fulfilling the thesis require-
ment with a separate thesis for each degree
program. In such cases, the usual unit re-
quirements 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 depart-
ments 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 summer ses-
sion) to betrecommended for the simultaneous
award of the Bachelors 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 require-
ment, if any. A student wishing to pursue this
type of academic program must submit an ap-
plication for Graduate School In the usual way,
as well as file a petition with the Registrar
which has been approved by the student's un-
dergraduate faculty advisor and the graduate
registration officer of the appropriate
department.

The program for an Engineers degree re-
quires more advanced and broader compe-
tence 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 Engineers degree re-
quires two academic years beyond an under-
graduate degree.

The following Engineers degrees are
awarded: Chemical Engineer (Chem.E.); Civil
Engineer (C.E.); Electrical Engineer (E.E.);
Engineer in Aeronautics and Astronautics
(E.A.A.); Environmental Engineer (Env.E.);
Materials Engineer (Mat.E.); Mechanical Engl-
neer (Mech.E.); Metallurgical Engineer
(Met.E.); Naval Engineer (Nav.E.); Nuclear
Engineer (Nucl.E.); Ocean Engineer (Ocean
E.).

Satisfactory completion of a program of ad-
vanced study and research approved by the
appropriate department or Interdepartmental
committee of the School of Engineering is re-
quired. 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 aca-
demic terms. Registration Is required of every
degree candidate working on a 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 Master's the-
si1 of superior quality for the Engineer's de-
gree only If the student intends to use that
document to fulfill the requirements of a single
Master's degree.
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General AeuIrents for Graduate Degrees se

Doctoral Degrees Cross Registration at Other
Institutions

MIT offers the degrees of Doctor of Science
and Doctor of Philosophy, Interchangeably, In
the engineering and science departments (ex-
cept biology) and in the fields of medical engi-
neering and medical physics. The degree of
Doctor of Philosophy is awarded in architec-
ture, biology, economics, linguistics, man-
agement, philosophy, political science,
psychology, urban studies and planning, and
Whitaker College. These degrees certify cred-
Itable completion of an approved program of
advanced study in addition to a research dis-
sortation of high quality based on original
research.

The two Institute requirements for a doctorate
are: 1) completion of a program of advanced
study, including a general examination, and
2) completion and oral defense of a thesis on
originel research.

Graduate study and research leading to a
doctoral degree must be pursued under the di-
reAtion 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 ad-
vanced study and research approved by the
department. The thesis research is in this
same area but the program often includes
subjects reaching into several departments. If
the field requires substantial participation by
two or more departments, an interdepartmen-
tal faculty committee, approved by the Dean of
the Graduate School, should be appointed to
supervise the student's program.

Each doctoral candidate has a general exami-
nation In his or her program of study at such
time and in such manner as the departmental
or interdepartmental committee approves. This
examination consists of both oral and written
parts.

Thesi

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 depart-
ment. 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.

Non-Resident 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 es-
sential 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 non-resident 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 infor-
mation on non-resident 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 Profiiency

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. Typically, a student may satisfy the re-
quirement in one of three ways: 1) by fulfilling
the requirement before entrance by passing
one or reore intermediate or advanced
subjects with a grade of C or better;
2) through examination by the Foreign Lan-
guages and Literatures Section of the Depart-
ment of Humanities; 3) by taking a two-term
subject in a language or languages offered by
the Foreign Languages and Literatures Sec-
tion of the Department of Humanities. De-
pending on student demand, the Section
offers a choice of two-term language subjects,
stressing the ability to read or to speak in
French, German, Russian, or Spanish.

For the purpose of the second altemative, the
Section gives written examinations in French,
German, Russian, and Spanish once each
term. Examinations In other approved lan-
guages are arranged Individually upon
request.

Harvard University

A regular, full-time graduate student at MIT
may enroll to take subjects (exclusive of the-
sis) at Harvard without paying additional tul-
tion, provided 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 cooperative arrangement is not applicable
to the summer session.

Requests for registration under this coopera-
tive arrangement must be approved by the
MIT department of registration and should be
confined to subjects which are not offered at
the student's own institution. Students will not
be allowed to attend classes in which addi-
tional registrants put an undue load on the In-
structors. The procedures to be followed are
given In the Graduate School Manual

Welleeley-MIT Exchange

Graduate students are eligible to participate In
the Wellesley-MIT Exchange Program. Welles-
ley courses are not considered "A" subjects
but may be accepted for graduate credit to-
ward a student's degree with the approval of
the department. For details about the Ex-
change, see the description of the Program In
Chapter Ill of this catalogue.

Woods Hole Oceanographic Institution

MIT, In conjunction with the Woods Hole
Oceanographic Institution, offers graduate de-
gree programs in oceanography and oceano-
graphic engineering. All decisions, from
admission to the conferring of the joint degree,
are made by consensus of MITWHO1 joint
discipline committees. The programs in ocean-
ography involve the Departments of Biology
and Earth, Atmospheric, and Planetary Sci-
ences at MIT. The oceanographic engineering
programs involve the MIT Departments of
Civil, Chemical, Electrical, Materials Science,
Mechanical, and Ocean Engineering. Informa-
tion regarding the program may be obtained
from the MIT Joint Program Office or the Edu-
cation Office at WHOI.

Boston University

A cross-registration agreement has been
made between theM IT Departments of Eco-
nomics 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-registratlon.

A
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Graduate Education at MIT

Admissions

Regular Graduate
Admissions

Brandeis University

A cooperative arrangement also exists be-
tween the MIT Department of Urban Studies
and Planning and the Florence Holler Gradu-
ate 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
the MIT Department of Applied Biological Sci-
ences and the School of Dental Medicine at
Tufts University. The program Is restricted to
specific graduate subjects at each Institution.

A Regular Graduate Student is an applicant
who has been admitted to the Institute and is
registered for a program of advanced study
and research leading to any of the post-
baccalaureate degrees offered by MIT. A stu-
dent registered in a program of study leading
to the simultaneous award of the degrees of
Bachelor of Science and Master of Science
must apply to the Graduate 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 Stu-
dent, an applicant must have recelved a bach-
elor's degree or its equivalent from a college,
university, or technical school of acceptable
standing. Applicants are evaluated by the de-
partment 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 capabil-
ities, and any other pertinent data fumished by
the applicant. While high academic achieve-
ment does not guarantee admission, such
achievement, or other persuasive evidence of
professional 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 signifl-
cant work in mathematics and the physical
sciences, but some require as little as a year
each of college-level mathematics and phys-
ical science. Requirements of Individual de-
partments are given in Chapter VII of this
catalogue. Studpnts with minor deficiencies 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 may proceed with
graduate work dependent on them.

Application Procedures

Students normally enter the Graduate School
in September. However, in several depart-
ments suitable programs can be arranged for
students entering in June or February. Pro-
spective applicants should check with individ-
ual departments about their dates for
admission.

Students wishing to enter in June or Septem-
ber should apply on the prescribed forms by
January 14; candidates for admission in Feb-
ruary should apply by November 1. However,

applications submitted later may be consid-
ered If vacancies still exist. Candidates for ad-
mission 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 (except to the
Sloan School of Management and the Depart.
ments of Chemistry, Urban Studies and Plan-
ning, and Physics) should usually be
requested from and submitted to the Director
of Admissions, Room 3-103, Massachusetts
Institute of Technology, Cambridge, Massa-
chusetts 02139. A $40 application fee (except
for the Master's Program in the Sloan School)
must accompany all application forms. Pay-
ment should be made by check or money or-
der, payable to the Admissions Office, MIT.
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 subse-
quent evidence is provided that the degree
has been awarded.

Inquiries about specific requirements for ad-
mission should be addressed to the chairman
of the appropriate deparjmental committee on
graduate students.

Examinations

Many departments require applicants to sub-
mit scores In the Aptitude Test and the appro-
priate Advanced Test of the Graduate Record
Examination. Applicants are urged to consult
with appropriate departments to confirm test
requirements and recommendations. For a
test application, write to the Graduate Record
Examination, Educational 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 Ad-
mission Test (GMAT). For the locations and
dates at which this test may be taken, write to
GMAT, Educational Testing Service, Prince-
ton, New Jersey 08540.
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International Graduate Special Graduate
Admissions Students

Graduate student applicants who are citizens
of countries other than the United States must
have received a bachelors degree or its
equivalent from a college, university, or techni-
cal Institute. The academic record and all
credentials must Indicate the ability of the can-
didate to complete an approved program of
graduate study and research. Applicants are
evaluated by the academic departments. Ad-
mission 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 take the Test of En-
glish 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 November test
date. Write directly to the Educational Testing
Service, Princeton, New Jersey 08540, USA,
for registration material and information.

The Final Application for Admission from Inter-
national Students may be obtained from the
Director of Admissions. Room 3-103, Massa-
chusetts Institute of Technology, Cambridge,
Massachusetts 02139.

Applicants must submit complete application
materials to the Director of Admissions.

Please refer to the previous section concern-
Ing Individual departmental requirements for
the Graduate Record Examinations.

A Special Graduate Student is one who usu-
ally has received a bachelor's degree and
whose intended program of study Is essen-
tially graduate In nature. Special students are
not degree candidates. All applications are
made through the Admissions Office. Applica-
tions for the specific subjects will be evaluated
and approved by the Graduate Committee of
the appropriate department(s). Admission is
valid for only one term; a student must seek
readmission each term to continue at the Insti-
tute. Those applying for Special Graduate Stu-
dent status for the first time must pay a $40
application fee. A new fee is required after two
terms. To be allowed to continue as a Special
Graduate Student, satisfactory academic per-
formance must be maintained.

The deadlines for filing Special Student appli-
cations are May 1 for the summer term,
August 1 for the fall term, and Januar9 1 for
the spring term.

Citizens of countries other than the United
States whose native language has not been
predominantly English must submit the Test of
English as a Foreign Language (TOEFL) as
noted In the section on Intemational Graduate
Admissions.

Admission as a Special Graduate Student
does not imply any commitment on the part of
the Graduate School toward an Individual's
admissibility to Regular Graduate Student sta-
tus (degree candidate). If a Special Graduate
Student is subsequently admitted as a degree
candidate, subjects completed may be used in
partial fulfillment of requirements for an ad-
vanced degree. The department will determine
what subjects are acceptable. Registration as
a Special Graduate Student does not count to-
ward minimum residency requirements for an
advanced degree nor for eligibility for non-
resident status.

Correspondence concerning admission as a
Special Graduate Student should be ad-
dressed 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 as-
signed research and their corresponding sal-
ary scales, staff members of the Office of
Sponsored Programs (OSP), Lincoln Labora-
tory, or the Charles Stark Draper Laboratory
may not be full-time Regular Graduate Stu-
dents, but may, under certain conditions, be

granted the status of Special Graduate Stu-
dent. However, an OSP appointee or an em-
ployee of the Lincoln Laboratory or the Draper
Laboratory who desires to work for an ad-
vanced degree must be admitted as a Regular
Graduate Student and complete the residency
and other requirements of the degree program
to which the Individual has been accepted.
This Individual may not continue to hold a re-
search staff appointment nor can any research
work while employed be included as part of
the thesis for an advanced degree.

Any OSP appointee or an employee of the
Lincoln Laboratory or the Draper Laboratory
may, by written permission from the director of
the division (or his or her designate), apply for
admission as a Special Graduate Student fot
enrollment In one subject only per term (but
not thesis), either as a listener or for academic
credit. Acceptance for such enrollment 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 en-
rollment, the student will be assigned to an
appropriate registration officer and will pay,
whether as a student or listener, the fee es-
tablished at the Special Student rate.

Other Employment

A graduate student may not interrupt an aca-
demic 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, un-
less the approval of the department head and
of the appropriate academic Dean has been
obtained 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 Person-
nel Officer to effect such employment. A grad-
uate 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 following are the basic tuition and fees at
MIT for the academic year 1988-87 (which are
reviewed and likely to increase each year):

Tuition $11,800
Hospital and Accident
Insurance Policy2 276

The tuition for all regular graduate students,
Including graduate student staff, in the'first
and second terms Is $5,900 per term. Full tul-
tion In either term of the current year covers
the January Independent Activities Period. The
minimum term tuition charge for registration
for doctoral thesis upon readmission as a resi-
dent student is $8,850, If not registered during
the preceding regular term. The tuition for all
regular graduate students including follows,
trainees, and academic staff In the 1986 sum-
mer session was $3,950. Special tuition rates
apply to other students In the summer see-
sion. 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
$190 per unit taken either for credit or not for
credit. This unit fee applies up to a maximum
of $5,900 per term and Is subject to the fol-
lowing minimum fees:

Members of the MIT Community3  $1,140
Other Special Students 1,710

Payment of Vile ee enae al reguar end apecl reg nered
elUdet ID cc rwelv leaO cae saekm at tol turrMedica Depeetan, nkadkig cWonslato Wfth a wide range
of -e-Wt, dagnoet aSe, and hoaptep zaon In Ve
MIT inemeyar. Cwge are made for completen of pre-ntiry
"'edc, ins. adt*aton of requined pr-eny
ftwimatzins, cbteIa" care routhn a"e amkiatioe,
elalv pdodiely, co a ssrv~c, hewng aid
ewiuaons, ear plercing. dental care. mIssed appolNnene.
contraceptive devioee, prescrisien drugs, and is surgieal
pnxceure end aulie deagn oe te whic ouid be

by e dudenre hosal and accientawn

2
The MIT Student Insurance covers hospitanraton (other Vian
In til Mnr tnlleY) duefo accidet or lnea. The

srance le requnred for A sludt, unleys t can
demonsate that they have equivalent coverage tough
ano~er inaurance proram. A medical Insurance plan for a

udenre spouse and chldrn Is le adle. The addWtonal
cwet of Wnance overage for Vie po for outsld hoepta
care le SM -. Ho-paon srce r one or mom
dcuren may be purchaeed for 8276. A atudent wohdrawIng
durIng a tem may cane I nsuranoe and ciW a cedit.

Vi d of tem th when w eed, by fung a qust
a thVe Studnt Inauapc OMOlc.
S
Inoudes Speclal Studente who are fu-rime emplcyeee of Vie
Inaulek or who we dependente ueof -time enployee or
regular aludenis.

Any resident graduate student making prog-
ress 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, Initially, 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 coim-
plated document on the basis of a charge of
$490 per week from the starting date of the
term, with a minimum of $490 for the Master's
or Engineer's degree and $980 for the Doc-
toral degree. If the Immediately preceding term
was the summer term and If the graduate stu-
dent was not registered for thesis in that sum-
mer term, but was registered for thesis in
residence in the previous second term, the
minimum tuition for thesis is $2,950. A student
who continues to hold a fellowship, trainee-
ship, or graduate staff appointment for the re-
mainder 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 Graduate
School may set special tuition rates for gradu-
ate students.

Doctoral thesis research Is ordinarily carried
out while the student is in residence at the In-
stitute. However, 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. Permission to become
a non-resident 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 regis-
ter in this category. Prior to submission, the
request must be approved 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 non-
resident thesis research must register as Non-
Resident Doctoral Candidates and pay tuition
equal to approximately 15 percent of the regu-
lar full tuition ($885 per term for 1966-87). Fol-
lowing completion of the non-resident period,
the student must retum 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 $2,950. Please consult the Gradu-
ate School Manuel for additional information
on non-resident 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:

Aeronautics and Astronautics, Course XVI-8
Mechanical Engineering, Course li-B
Ocean Engineering, Course XIII-C
June-August (15 months), $11,800

Chemibal Engineering Practice,
Course X-A
September-January or February-June,
$5,900

Electrical Science and Engineering or
Computer Science and Engineering,
Course VI-A
Engineering Intemship Program
July 1 to June 30, $11,800

Materials Science and Engineering
Course Iil-B
September-August, $11,800

In each case, the first $5,900 Is due on the
date when the first-term tuition Is normally
due, and the additional $5,900 Is due on the
date when the second-term tuition Is normally
due.

The tuition fee for Special Graduate Students
in the Sloan School of Management exc.,ot
for employees of the institute or thel, ck dren)
is $825 per unit of registration, with a mini-
mum charge of $2,925. There is a maximum
charge of $g,975 per term for full-time special
graduate students enrolled In the program.
Students interested In the Management of
Technology Program should consult the Sloan
School of Management with regard to fees.

There is a professional activities fee of $100
per regular term in the Masters Degree Pro-
gram In the Sloan School.

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 withdraw-
ing 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 minimum two-week charge. A student is
financially obligated to the Institute for the tui-
tion appropriate to thi program approved by
his or her faculty advisor or graduate registra-
tion officer at the first of the term. Any subse-
quent 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.
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Graduate Lving Costs

expenses for grad4ate students vary
depending on such factors as marital

OWu, avallabiltyof resources, Interests, and
taon. Monthly ngO costs (housing, food,
and personal expenses) for a single graduate
student generally average about $048; for a
married graduate student, $1,280; and for a
married graduate student with one child,
$1.868. These cost estimates do not Include
tuition, books, or the Hospital and Accident In-
surance Policy. Campus housing for graduate
students Is limited and less than half of the
graduate student population can be accomnio-
dated In Institute housing. On-campus dining
opportunities are avalable to graduate
students.

Misceilaneous Pees

Application fee for graduate
admission $40

Application fee for Masters Program
In Sloan School of Management

Domestic applicants 60
International applicants 70

Late registration fee 20

Payments

Financial Information and instructions and bills
for tuidon and other charges will be sent to
admitted and continuing graduate students
prior to the beginning of each term. Students
must, by the due date specified In these In-
structions, either make their payment In full or
elect the MIT Bursary Payment Plan, which al-
lows for monthly payments plus applicable
finance charges. Research and teaching as-
sistants who have fees In excess of $200
billed through the Bursar's Office, after the tul-
tion portion of their award has been credited,
may pay their fees through monthly payroll de-
ductions without associated finance charges.

If the Bursary Payment Plan Is elected, it must
be signed by the payment due date to avoid
the late payment charge. Students not on the
Bursary Payment Plan will be assessed a late
payment charge of one and one-half percent
on the outstanding balance of their accounts
each time a payment due date Is missed.

All outstanding bills must be paid or mtisfac-
tory arrangements made with the Bursar for
their payment before a student will be allowed
to register at the beginning of a term, or, If a
candidate for a degree, be allowed entry of his
or her name on the degree list.

Registered student status can be withdrawn at
any time for delinquency In payment of bills.

Students and their families might consider the
Parent Loan Plan, developed to help parents
of MIT students pay for educational expenses
at MIT over an extended period of time. This
monthly Installment plan offers loans at mod-
erate Interest rates to parents (US citizens)
whose annual faml Income Is between
$25,000 and $125,0. Further Information
may be obtained from John Rogers, MIT Par-
ent Loan Plan Office, Box 10, Boston, Mas-
sachusetts 02101, (617) 253-4134.

Fee for doctoral degree language
exam (given at an unscheduled time)

Fee for late filing of
degree application

Fee for late thesis title
change

Ubrary processing fees
Doctoral theses
All other thessa for
advanced degrees

30

20

20

30

20

Proosesing Charges for Late Changes in
negletration
A late change In registration, which requires
the approval of the appropriate faculty commit.
tee, Is defined as adding a subject after the
fith week or dropping a subject during the last
three weeks of a term. The processing charge
for late changes Is $20 for one subject or $25
for more than one subject In a petition. There
Is an additional charge of $20 for a retroactive
change after the end of the term.

The misellaneous fees and processing
charges listed above are nonrefundable, un-
lass levIed In error.

k
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Financial Aids

Fellowships, Traineeships,
and Scholarships

MIT makes available financial support to grad-
uate students from a variety of sources and In
several different forms - fellowships, scholar-
ships, tralneeships, teaching and research as-
sistantships, the Federal College Work-Study
Program, 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 every department nor the Institute It-
self 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.

Upon admission to an MIT graduate program,
all students are required to complete the MIT
Graduate Student Need Determination form as
a part of the registration process. Although
MIT does not require completion of the Gradu-
ate and Professional Schools Financial Aid
Service (GAPSFAS) form, students may sub-
mit the GAPSFAS form In lieu of the MIT
Graduate Student Need Analysis form. To do
so, they must designate on the GAPSFAS
form that a copy should be sent to MIT.

Information on fellowships and other financial
aid resources Is available from departments
and the Office of the Dean of the Graduate
School, Room 3-138. Information on loans and
the Colege Work-Study Program Is available
from the Student Financial Aid Office, Room
5-119.

A fellowship or traineeship is an award to a
graduate student which covers tuition, partially
or fully, and provides, in addition, a stipend to
help defray living expenses. In the context of
the Graduate School, a scholarship is an
award which fully or partially covers tuition
only. Most awards are made on the basis of
academic merit and in some instances
financial need to individuals who are enrolled
as regular, resident students. Under Section
117 of the US Intemal Revenue Code of 1954,
such awards, held by degree candidates, are
not usualy subject to income tax.

The institute receives funds from Individual
donors and corporations which provide for the
support of fellowships and scholarships each
year. In addition, govemment agencies and
private foundations offer fellowships and other
grants which they award either directly to out-
standing students for use at Institutions of their
choice or, In a few cases, to MIT for award to
Its students.

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 Insti-
tute, should check the appropriate items on
the regular Application for Admission to the
Graduate School. Applicants will be consid-
ered for awards for which they are eligitple
after they have been accepted Into a graduate
program. Currently enrolled graduate students
who seek financial support should consult with
the appropriate departmental office.

Applications for fellowship eld for the aca-
demic year, beginning In June or September,
must be filed by January 14. Applications for
fellowship aid filed after this date are consid-
ered only if funds are available. Final action
on applications is taken on the recommenda-
ton 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 competi-
tive programs. A student who wins such a
fellowship may only be eligible for a supple-
mentary award In accordance with MITs
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 In the US, a
student has until April 16 to accept or decline
an offer. If a student does not reply to an offer
by this date, it may be canceled.

Every student holding a feliowship, trainee-
ship, 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 relin-
quished, and the student will be required to
refund any sum already paid as the Dean of
the Graduate School deems appropliate.
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Loan Funds Teaching and Research Other Employment
Assistantships Opportunities

MIT administers the Technology Loan Fund
under which financial assistance Is available to
graduate students. However, loan capital is
limited and MIT student loans are granted only
after the student has explored all sources of
aid - including employment opportunities, the
Guaranteed Student Loan program, and the
Auxiliary Loans to.Assist Students (ALAS)
from banks and other lending Institutions. Ell-
gibility for MIT loans is based on need as de-
termined by the Student Financial Aid Office,
and Is a function of student expenses and re-
sources (including assets). Standard budgets
have been developed for single students and
married students with or without dependents
and are rigorously applied. Loans not covered
by the Guaranteed Student Loan or ALAS pro-
grams require a co-signer. State Guaranteed
Loans may be approved when the student Is
enrolled for 24 or more units.

Graduate students who do not possess US
citizenship or a permanent resident visa are
not eligible for state or Federally guaranteed
loans, nor are they eligible for MIT loans dur-
ing the first year of residence. Thus, students
who are citizens of other countries must be
prepared to meet their expenses for the first
year at MIT without recourse to loans from the
Institute and without expectation that in subse-
quent years loans may be available.

Specific information on eligibility for loan funds
Is available from the Student Financial Aid
Office, Room 5-119.

MIT employs about 425 graduate students
each year as part-time instructors or teaching
assistants to aid the faculty in grading under-
graduate 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, and the In-
stitute offers a prize each year - 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 gradu-
ate students who are candidates for advanced
MIT degrees may be appointed.

Each year about 1,500 graduate students at
MIT hold appointments as research assistants.
The principal duty of a research assistant is to
contribute to a program of departmental or
Interdepartmental research.

Most students welcome the opportunity to par-
ticipate as junior colleagues of the faculty in
an ongoing research project which 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
thly must pay full tuition.

Students who receive financial support from
other sources (fellowships, scholarships, etc.)
may receive supplementary stipends as teach-
Ing or research assistants In accordance with
Institute and departmental guidelines.

Employment Is available both on or off cam-
pus. 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 direcly through
the academic departments, laboratories, and
administrative offices on campus.

Graduate students who hold full-time research
or teaching assistantships or who receive full
support on fellowships or traineeships are not
usually eligible for such employment. The Of-
fice of the Dean of the Graduate School
should be consulted for approval before un-
dertaking such employment.

Intemational students may work on campus
but may require special permission from the
US govemment to work off campus. Citizens
of other countries should consult the Dean for
Student Affairs' intemational student advisor
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 Student
Affairs for positions as Graduate Residents.
Such positions provide room and board but no
stipend.

'J
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Academic Procedures

Registration

Complete Informaton on '* istr.tion prooe-
dures may be found In the 'MIT Registraon
Material" packet, available each term to con-

studenis in December and May in the
10 Lobby. After this time, the packet

isl In the Regitas Office, Room
E1g3 5. AddItional detals may be found in
the-Gude e undergraduaste and Faculty Ad-
vWs and the Graduate BShool Manual.

DannMen Of Student Status

Once admitted (or readmitted) to MIT, a per-
son becomes an MIT student at the start of
the term for which he or she was admitted.
Sludent status is retained until graduation, un.
lass the student withdraws, is required to with-
draw, or fals to complete registration in a
given term.

For the fal and spring terms, undergraduate
and graduate students must complete the five
teps listed below In order to continue student

status during that term: 1) registration material
issued by the er has been completed
and retumed; 2) anolal registration material
issued by the Bursar has been completed and
returned; 3) all Institute charges have been
paid when due, or saisfocory altemative ar-

ts have been made with the Bursar;
4) faculty advisor or registration officer has
signed the student's registration form and this
form has been received by the Registrar's Of-
fle; and 5) an ID validation stcker has been
picked up. In addition, graduate students
must submit the MIT Graduate Student Need
Determination form (a with parental info-
maton when required). The Graduate and
Professional Schoolw Financial Aid Service
(GAPSFAS) form may be submitted in ieu of
the Graduate Student Need Determination
form. To do so, graduate students must desig-
nee on the GAPSFAS form that a copy be
sent to MIT.

Any student who has not completed the above
saeps by the start of the sixth week of the term
will be withdrawn and charged a prorated tui-
ton for this period.

Regletration Predwurse

All students register for their subjects on Reg-
istraion Day at the beginning of each term.
New graduate students should pick up fall-
term r omaerial during the summer
in the 4 s office, Room E19,35.

Al students at MIT are asigned an advisor.
Advisors to freshmen are MIT faculty and
staff, assigned at the beginning of the fresh-
man year. (freehmen may advisors
through the Undergraduate Support
Offce Room 7.104.) Upperolass undergrad-
uates who have declared a maor will be as-
signed a departmental advisor. Each graIluae
student is assigned to a faculty member in his
or her department who also ervee as the stu-
denre registraton offioer. Each student's pro.
gram must be approved by his or her advisor,
and changes may be made only with the ad.
visor's approval.

Al subjects to be taken during the current
term, including thess, cross-retration with
Wellesley or Harvard, and ROTC, should be
listed on the Registration Porm. The unite for
independent study and theels subjects should
be Indicated. The units for thesis are listed as
laboratory units.

A third- or fourth-year undergraduate student
who wants to take an elective subjc Pau/
Pall using the Junior-Senior Pansll option
should be sure to Indicate P/P beside the sub-
ject on the Registradon Form. The faculty ad-
visor and student should be sure that the
subject to be designated Pass/Pal is not being
used to fulfih either a department or an Insti-
tute requirement, and that the student dos
not take more than a total of two subjects un-
der this option during his or her junior and s-
nior year. The Pass/Pall option Is not available
to graduate students.

Correction Cards signed by the student's fao-
ulty advisor for undergraduates and registra-
tion offioer for graduate students should be
used for all changes In registration after-
istration Day. The specific deadines for
changes are Hated in the Academic Calendar
In this catalogue. The instructor's signature is
also required If a subject is added the
first week of the term. AN Correction Cards
should be hand delivered by the student to
the Registrar's Office, Room E19-335, or to
the U Academic Support Offos,
Room 7-1I

The Registrars Offlos snds out a "Status of
Registration Form" to every student during the
fourth week of the term. Additonal Statue
Forms are sent out at thrgeweek intervals to
every student for whom the Regitrar has re-
oelved a Correction Cerd since the previous
st of Status forme was issusd. On these

forms will be Hated the student'pos as it
stands in the Registrar's Offc This wil con-
firm the student's u and p out *
any disorepanles. the e Office has
received no change in the student's reord,
then no further Status Fonm are generated
after the fourth week of the term.

The Insitute holds each student fully reeponsi-
ble for hdng the accuracy of his or her INi-
tial Registration Form and any subsequent
Correction Cards submNied to the e ar's
Ofice, for ensuring that the pro-
vided with a corect current address,
and for carefully reviewing each Sta of
Registration Form generated by the Registrar
to make sure that it accurately reflelcs his or
her rgletratdon. Steps to elminate die-
crepancies should be taken prompty the
student The student should heep opesof
the o al Registration Form and aubPO
quent O Cards and Status of Regis-
tration Forms as evidence of having followed
these procedures.

if an undergraduate wishes to add or drop a
subject or to make or change a Pass/Pail des-
ignation after the deadline dates, the student
must petion the Committee on Acedsmiq
Performance (CAP), Room 7-103. Graduael
students must petition the Office of the Dean
of the Graduate School. Such petitons are not
sutomaoslly approved.

An underraduate student who wishes to
withdraw during a term or arrange for a leave
of absence must se a dean in the Student
AssIetance Serviose Section of the Dean's Of-
fle, Room 5-106. Graduate studente should
consult their department graduate offies or
the Office of the Dean of the Graduate School.
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Academic Performance
and Grades

subiet Oreate and esignaons

The credit hours (units) for each subject Indi-
oft the number of hours spent each week In
las and laboratory, plus the estmated time

which the average student spends each week
In outside preparation, for one regular-term.
Each subject Is Nsted with three oredit num-
hers, showing In sequence the units aotted
to: class; laboratory, design, or fieldwork; and
preparation. Each unit represents 14 hours of
work per term. The total unit credit for a sub-
jet s obtained by ad together a the units
shown. The units for subject are indl-
ceted in the subject descriptions Hated in
Chapter Vill. Additonal information regarding

subjec may be found at the be-
ginningof 'Vll on the page tiled "Ex-
planaory Notes."

The typical undergraduate student load,
based on a four-year ,rgam is 45 to 48
units pW term. HoWever, approved by his or
her faculty advisor, a student may follow a
program leading to an S.D. degree in either
more or less than eight terms.

u0.Lgtload -eliain
by tiUdrgradustses

The institute feels that the concept of a four-
year residndial college, requIring a ful-time
academic program, is central to the MIT un-
dsrgraduate expedence. Ar %4IT deree pre-

rnte not only a specfined number credit
unit and a conction of subjects, but an inten-
sity and coninuty of involvement in an ace-

Ster and an mmerion In
cu re F 'T s well, In general, ,.

MIT Is not an appropriate plece for pursuing
an ,drduate education on an extended,

Requests from students for ight-load regiatra.
ton statu are handled under the following
policy: Once enrolled as a regular student, an
undergraduate may not Ipse to a fight load of
subjols (register for fewer then 3 units) for
more than a total of two terms without petition.
Ing the Committee on Academic Performance.
The CAP alows use of the ight load beyond a
second term only for very special circum-
stances. Arrangements to take a reduced load
of subjects should be Initiated prior to the be-
ginning of the term. The procedure to be fol-
lowed in this regard is described in the Guide
for rdegeaduats and Facuy AdWoors.

Advanced standIng xminations
for Undergraduatse

To qualify for an Advanced Standing Examina-
tion, an undergraduate student must never
have been registered for or attended class in
the subject concemed. A freshman who takes
such an exam shal receive the grade of P for
passing performance, but no record will be
kept of falling performance. For all other stu-
dents, a grade ranging from A to F as usual
will be recorded on the transcript. Any passing
grade entitles a student to full credit for the
subject. For freshmen, such credit will count
toward the 60- or 63-unit credit limit unless the
exam is taken either In the September or Feb-
ruary examination period (see Ctedit Umit for
Freshmen In Ch4pter I1).

Grade Reports and Transcripts

Grade reports are issued by the Registrar at
the end of each term and summer session to
all registered students. Students may order
transcripts of their academic record at the
Regstrar's Office, Room E19-335, upon pre-
entatlon of a recelpt from the Cashiers Of-

fio, Room 10-160, at a cost of g2 per copy.

Final Examinations

Final examinations are held at the end of each
term; the schedule is issued about two months
before the examination period Pach student Is
held responsible for 1) obtaining an examina-
tion schedule at the Information Center, Room
7-121; 2) reporting any conflicts in examina-
tions to the Schedules Office, Room E1g-36,
In the Offoe of the Registrar before the time
Umit given on the examination schedule; and
3) attending the final examinations requIred In
the subjects for which he or she is registered.

No member of the Instructing staff can excus
a student from a scheduled final examination.
Absence from any final examination is equlva-
lent to a faling grade except on presentation
of adequate evidence of slokness or other
valld reason for the absence. The Dean for
Student Affairs (for undergraduates) or the
Dew 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 in-
struotor may, If the evidence warrants, issue a
fnal grade without requiring a postponed final
examination.

Undergraduate Academic Standards

It Is the responsibility of the Committee on Ac-
ademic Performance (CAP) to see that mini-
mum academic standards proposed by the
Individual departments are consistent through-
out the Institute for undergraduates and con-
form with the rules and regulations approved
by the faculty. In view of the Individual nature
of student academic performance, it is impos-
sible for the CAP to sest forth rigid standards of
academic performance to be used throughout
the Institute. The Institute generally expects
undergraduate students to complete the re-
quirements for a sIngle S.D. re In four
years; this establishes a oad of sub.
jects at approximately 45 unit of credit per
term. Normally, however, the CAP accepts a
minimum academic record of at lsast 36 units
of credit with a term rating of 3.0 or above on
a .0 scale at the end of any regular term, un-
lass the Committee has specifically notified an
Individual student that a higher level of perfor-
mance is required. (The latter would only oo-
our as a result of previously poor
performance.)

In cases where these criteria are not met, the
CAP considers the academic performanoe of
each student on an Individual basis. Consider-
adon Is given not only to the grades received
in the various subjects for which the studept is
registered, but also to the total number of sub-
ject units, the nature of the subjects them-
selves, and all those factors In the students
own personal situation which may have af-
fected his or her academic performance in a
given term. More detailed Information conoem-
Ing the procedures followed by the CAP at the
end of term In reviewing the academic records
of undergraduate students is given in the
Guide for Undergraduase and Faculy AdW-
sore. This booldet is published by the CAP ap-
proximately every four years. Copies are
maled to ai sophomores and undergraduate
faculty advisors by the Commite at the time
of pubicaton and additonal copies may be
obtained from the CAP Office, Room 7-103,
253-4164.

For Title IV purposes, an undergraduate stu-
dent is considered to be maldng sesfact
progress as long as at least 33 units per term
have been compleed with a term rating above
3.0 at the end of any regular term. AN under-
graduates whose performance fals below this
standard will be considered, for Tis IV pur-
poses, to be under CAP review during the
subsequent term. A student will be considered
tobe msldg satisfoypogress ifthe CAP
doe not w p son for the student
to continue.

K
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Graduate Academio Standards

It Is the responsibility of the Committee on
Graduate School Policy (CGSP) to monitor
minimum academic standards for graduate
students and-speclal graduate students In ac-
cordance with the ruie and regulations of the
faculty. The CGSP reviews the academic rec-
ords of all graduate students at the end of
each term (including the summer session),
and students with cumulative ratings of 3.5 to
4.0 are given particular attention. Considera-
tion ls given not only to low grades, but to
other factors affecting a student's performance
In meeting 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
progress towards a degree may be denied
permission to continue or may be wamed that
without substantial Improvement In the follow-
ing term they may be refused further registra-
tion In the Graduate School.

More detailed information conceming proce-
dures foliowed by CGSP may be found in the
Graduate School Manual. It is also Important
for students to be Informed of Individual
department requirements and expectations
conoerning 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
an S.M. candIdate or 10 for a Ph.D. or So.D.
caididate. Graduate students whose perfor-
mano falls below this standard will be coneld-
ered, 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 CGP
does not withdraw permission for the student
to continue.

Gradee

The grades to be used for undergraduate
and graduate students who satisfactorily com-
plote the work of a subject by the end of the
term are:

A
Exceptionally good performance, demonstrat-
ing 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 matter, and an ability
to handle the problems and materials encoun-
tered 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, demon-
strating at least partial familiarity with the sub-
ject matter and some capacity to deal with
relatively simple problems, but also demon-
strating deficiencies serious enough to make it
Inadvisable to proceed further In the field with-
out additional work. (Note: Some departments
may require students with D-evel performance
in certain prerequisite subjects within the de-
partmental program to do additional work be-
fore proceeding with the foliow-on subject,
which could Include retaking the prerequisite.]
P
When the use of the single passing grade P is
authorized, it may reflect performance at any
of the levels, A, 8, C, D.

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 doc-
toral thesis. Doctoral theses are not graded.

The grades and notations to be used for sub-
jects not passed or not completed are:

F, failed. This grade also signifies that the stu-
dont must repeat the subject to receive credit.

0, absent. This grade Indicates that the stu-
dent was progressing satisfactorily during the
term but was absent from the final examina-
tion or absent during the last two weeks of the
term, or both. An 0 grade carries no credit for
the subject. Unsatisfactory performance be-
cause of absence throughout the term should
be recorded as P.

OX, absence satisfactorily explained to and
excused by the Dean for Student Affaire 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
O 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 examina-
tion or other additional evaluation procedure.

DR, a notation to be used only on the stu-
dent's Intemal record for a subject dropped
after the fifth week of the regular term.

1, incomplete. The grade of I indloates that a
minor part of the subject requirements has not
been fulfilled and that a passing grade is to be
expected when the work is completed. A typl-
cal example of a "minor portion of the work
required" might be a paper or a laboratory re-
port. The work is to be completed 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. Graduate students
must petion 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
intemal 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 normally but not
continuously avaiable, this must be indloated
on the form reportng the I grad and the work
must be completed in the eariest term In
which the resources are available.

70 I
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End-of-Term
Regulations

J, a notation assigned for work such as thesis,
UROP, or "At Plant" registration (internship or
Industrial practice), which has progressed sat-
isfactorIly, but has not been completed. Grade
given upon completion of the work in a later
term also covers this term. Faculty members
and instructors must obtain approval from the
Committee on Curricula to use the grade of J
in subjects other than those mentioned above.

U, a notation for thesis work which has not
been completed and in which progress has
been unsatisfactory. Grade given upon com-
pletion of the work In a later term also covers
this term. Unless a student's progress im-
proves significantly, the student may expect
that grade to be falling.

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 Curri-
cula for undergraduate subjects or the Com-
mittee 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.

Thq Faculty Regulations governing end-of-
term examinations and assignments, together
with the Faculty Policy Committee's Interpreta-
ticn, are the following, and apply to both un-
derjraduate and graduate subjects:

- 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 sub-
ject can last anywhere from one hour to three
hours.

- For each subject which has a final exam,
no examination may be given and no assign-
ment may fall due during the last week of
classes.

- Each subject in which no final exam is
given may have at most one of the following
during the last week of classes: either a one-
hour quiz may be given during a regularly
scheduled class period or one assignment
(term paper, 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.)

e It is inappropriate for comprehensive exami-
nations (exams covering most of the term's
work) to be given at any time other than dur-
Ing 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. (The Architecture design re-
views that occur during finals week are con-
sidered to be equivalent to final examinations
and are scheduled by the Department.)

- No assignment, of any kind, may be given
which falls due after the last regularly ached-
uled meeting of the class for that subject. This
does not prevent an Instructor from giving an
extension to an Individual student, but an ox-
tension should not need to be given to the
majority of the class.

* Any departure from these rules requires the
permission of the CAP for undergraduate sub-
jects or the CGSP for graduate subjects. Ask-
Ing students to vote on some deviation from
the rules Is not an acceptable procedure.

. Major assignments should be assigned early
enough to allow students the opportunity to
manage their time effectively throughout the
term. Instructors are asked to provide, during
the first three weeks of classes, a clear and
complete description of the requirements in
each subject, including the due dates for re-
quired work and the schedule of examinations
during the term.

Faculty or students with questions regarding
the Interpretation or application of anty of these
provisions should contact the Chairman of the
Faculty or request the assistance of the CAP,
Room 7-103, 253-4184.
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Institute Regulations

Policies and Procedures

MIT assumes that all students come to the In-
siltuts for a serous purpose and expects them
to be responsible individuals who demand of
themselves high standards of honesty and
personal conduct. Disappointments In this ex-
pectaion have been rare. Therefore, It Is
MIT's policy to have as few rules and regula-
lione as are consistent with efficient adminis-

tratIon and general welfare.

Fundamental to the principle of independent
leaming and professional growth Is the re-
quirement of honesty and integrity In the con-
duct of one's academic and nonacademic life.
Maintenance 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 coliabora-
lion, and other forms of academic dishonesty
are considered serious offenses for which dis-
ciplinary penalties can be Imposed.

Some academic offenses by students may 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 re-
solved within the department, a complaint
against a student should be brought to the
Committee on Discipline, as explained In the
section on Complaint and Disciplinary
Procedures.

Institute Policy on Student Absence and
Reiglous meleta

Massachusetts state law regarding student ab-
sence 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
prejudicial effects will result to students be-
cause they have made use of these provi-
slone.

institute Polley on Harassment

Harassment of any kind Is unacceptable at
MIT and is in conflict with the policies and in-
terests of the Institute. Moreover, many forms
of harassment have been recognized by the
US Equal Opportunity Commission and the
courts as violations of the civil rights laws.

Harassment Is defined as verbal or physical
conduct which has the intent or effect of un-
reasonably interfering with any individual's or
group's educational and/or work performance
at MIT, or creating an Intimidating, hostile, or
offensive educational and work environment
on or off campus. Harassment on the basis of
race, color, sex, religion, national origin, or
sexual orientation Includes harassment of an
individual in terms of a stereotyped group
characteristic, or because of that person's
identification with a particular group. With ref-
erence to sexual harassment, the definition
also includes unweloomed sexual advances
and requests for sexual favors which might be
perceived as explicitly or implicitly affecting
educational or employment decisions concern-
ing an individual.

Any member of the MIT community who be-
lieves that he or she has been harassed is en-
couraged to raise the issue, or lodge a
complaint, In accordance with the established
grievance procedures outlined earlier. Addi-
tional Information on procedures for following
up on harassment concerns is- available from
the Office of the Dean for Student Affairs, In-
cluding a "Guide to Altemative Starting Points
and Sequences for Addressing Harassment
Concems."

Additional information on conduct and dIsci-
pline may be found in the position paper by
the Committee on Discipline entitled "Infrac-
tions of.the MIT Code and Violations of Law,"
which Is available from the Office of the Dean
for Student Affairs.

Institute Polly on Hazing

in accordance with Massachusette stats law
(Chapter 536), the Institute has adopted the
following policy statement on the cdme of
hazing:

The term hazing is defined by law as "any
conduct or method of Initiaston into any stu-
dent organization, whether on public or private
property, which willfully or recklessly endan-
gers the physical or mental health of any stu-
dent or other person." Such conduct Includes
but Is not limited to beating; whipping; brand-
ing; forced calisthenics; exposure to the
weather; forced consumption of any food, liq-
uor, beverage, drug, or other substance; or
any other brutal treatment or forced physical
activity which may affect the physical health or
safety of the person.

According to the law, anyone identiied as the
principal organizer as well as any participant
In the crime shall be punished by a fine of not
more than $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.

All registered students should receive a copy
of the law from the Office of the Dean for Stu-
dent Affairs at the time of fall registration and
are required to sign an acknowledgement stat-
ing they have received a copy. Anyone desir-
ing a copy of the law should contact the
Dean's Office.

MIT considers acts of hazing to be extremely
serious offenses to the community and will
treat offenders accordingly. The MIT interfra-
temity Conference has also developed its own
policy on hazing which is applicable to all fra-
temities, sorouities, and independent lHvin
groups.
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Ohw Personal Conduct

All members of the MIT community are ex-
peoted to conduct themselves with proper re-
spet for one another and for each others
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 In violation of the educational
mission of.the Institute or to be a clear and
present danger to Institute functions. The Insti-
tute reserves the right to determine its juriedio-
don on a case-by-oase basis, Student status
in no sense renders an Individual student Im-
mune from the jurisdiction of civil or criminal
courts and other government authorities. All
MIT actions must conform with applicable law.

MIT handles intemally some incidents that
might give de to clvi or criminal liability. This
Is done with the understanding by the outside
community that MIT deals seriously with such
offenses. As is the case for many universities,
local authorities often rely on MIT to resolve
such ssues as long as the Intemal policies
and procedures are effective and adequate.
MIT action by itself, however, does not pre-
clude 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 de-
cision might prejudioe the court case, the Insti-
tute will usually hold its decision in abeyance
until after the criminal proceedings have been
concluded.

MIT traditionaly has placed considerable re-
sponsiblity on student governing groups to
deal with problems In the student community,
e.g., the Dormitory Council and the interfra-
temity Conference. Nearly all Institute houses
.nd independent residences have judicial pro-
cedures that deal with disputes and violations
of rules and regulations occurring In their lving
groups.

Problems and disputes that cannot be re-
solved at the local level are referred to the Of-
fice of the Dean for Student Affairs for advice,

, or resolution. In appropriate cases,
Dean may place the student on decioln-

ary warngor proballon or may prohibit a stu-
dent from Wing In an institute residence.

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 should be pursued within the
living group or department when appropriate,
or else brought to the Committee on Discipline
as explained below. Conoems relating to aca-
demic or work situations should be raised di-
rectly 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 the
Dean for 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 the
Dean for Student Affairs regarding the possi-
bility of further discussion among the parties
or referral of the case to the Committee on
Discipline. Students may also bring concems
to the attention of either of the two Special As-
sistants to the President.

It is Institute policy that Individuals will not be
reprimanded or discriminated against for Initi-
ating an Inquiry or complaint and that the
rights of the individual against whom a com-
plaint is made will be protected;

Anyone in the MIT community - including In-
dividual students, faculty members, and em-
ployses of the Institute - may bd a
complaint against a student to the o ite
on Discipline. The Committee is composed of
seven faculty members, five students, and the
Dean for Student Affairs, ax offcio, it adjudi-
cates cases of academic offenses, violations
of Institute regulations and standards, and
other infractions alleged to have been commit-
ted by students.

A complaint against a student must be submit-
ted in writing to the Office of the Dean for Stu-
dents Affairs or to the Chairperson of the
Committee on Discipline. There are proco-
dures to protect the rights of a student, includ-
Ing assistance In preparing a defense. The
student who has been charged 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 hear-
ing with the student: the person maldng 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
Committee on Discipline are given In the
"Statement of Discipline Committee Proco-
dures," which is available from the Office of
the Dean for Student Affairs. Among the seno-
tions available to the Committee are repd-
mand, informal probation, formal probation
with or without monitoring, and recommend&-
don to the President that the student be sus-
pended or expelled. Formal probation,
suspension, and expulsion are noted on the
student's transcript for a speciied period.
Such notation may be removed upon witten
application to the Committee under conditions
set forth In the statement referenced above.

The above procedure serves also as the
grievance procedure for students as required
by Tide IX of the Federal Education Amend-
ments of 1972 with regard to grievances ads-
Ing out of alleged discrimination on the basis
of sex, and for handicapped students alleging
failure to comply with Section 503 and 504 of
the Rehabilitation Act of 1973.

Additional information on conduct and disci-
pline may be found in the position paper by
the Committee on Discipline entitled "infra&.
ions of the MIT Code and Violations of Law,"
available from the Office of the Dean for Stu-
dent Affairs. A booldet on harassment entted
"Tel Someone" is also avalable from the
Dean's Office. A description of the grievance
procedures for persons employed at MIT Is In-
cluded In PbdWe and Procedurf.

I
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Privacy of Student Records

The Family Educational Rights and Privacy
Act of 1974 (sometimes called the "Buckley
Amendment") gives students certain rights,
consistent with the privacy of others, to review
records, iles, end data held about them on an
official basis by the Institute, and also gives
students a right to challenge the content of
those records, files, and data which they be.
lieve are Inaccurate, misleading, or otherwise
In violation of their privacy and other rights.
This Act also imposes certain controls on ac-
cess to Information about students.

Under the Act, "education records" means
those records which are directly related to a
student and are maintained by MIT. Education
records at MIT Include those that are kept by
the offices of the Registrar, Admissions, Dean
for 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. Certain records are not in-
cluded as education records under the Act.
They Include: personal flies held by Institute
faculty and staff that are not accessible or re-
vealed to others, certain records of the Cam-
pus Police, and medical records maintained by
the Medical Department.

teview of Records and Challenges to
Record Content

Subject to the exceptions stated below, all ed-
ucation records of the Institute that are Identi-
fled with an Individual student or former
student will be avaiable for review at the re-
quest of that Individual. A student may make a
request directly to the custodian of the record
or to the Office of the Dean for 6tudent Af-
fairs. A student shall not be permitted to re-
view those specific portions of his or her
education record that refer to other Identified
students. Individuals may challenge the con-
tent of their education record with the custo-
dian or through the Office of the Dean for
Student Affairs. If a dispute remains pertaining
to the accuracy or completeness of the record,
the student shall be afforded a hearing.

Information about students assembled prior to
January 1, 1975, under promises of confiden-
tialty, explicit or Implicit, will not be made
available for review by the concemed students
without the written consent of the author. A
letter of recommendation that was placed In a
student's education 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 of 1974, an MIT student who has ap-
pled 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 component unit unless and
until the student begins to attend that unit.
However, Individual departments may choose
to disclose such Information to such a student.

Although medical records maintained by the
Medical Department are not considered edu-
cation records under the Family Educational
Rights and Privacy Act of 1974, they are regu-
lated by Massachusetts law relating to the
rights of patients and residents of heal. facili-
ties. Under this law, students have the right to
confidentiality of their medical records as well
as the right to Inspect and to obtain a copy of
these records.

Disclosure of lntornistion about Students

Disclosure of Information In education records
to persons within or outside the Institute, ex-
cept as Indicated below, requires the student's
written consent. The written consent must be
signed and dated and must Include a specifl-
cation of the records to be disclosed, the r-
pose of the disclosure, and the party to
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 education
records to which a student has access. Inse-
tute 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 acting In a ospac-
ity Intended to further the educational Interests
of the student and possessing a clear need.to
obtain Information about the student may have
access to that Information. For example, fac-
ulty advisors may have access to relevant ed-
ucation records of their advisees. In addition,
custodians of students' educational records
shall exercise responsibillty.to treat personal
Information with appropriate care and disore-
tion and not exchange such Information unne-
cessarily, and to ensure that the transfer of
Information between persons not in the same
office or worldng group serves a legitimate In-
stitute purpose. (Where such transfer is unu-
sual, prior notice should be given to the
individual and where practicable, permission
should be obtained.)

Under the Family Educational Rights and Pri-
vacy Act, education 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 enroled concurrently. In such
cases, the student must be notified of the dis-
closure, provided with a copy of the disclosed
records If he or she requests, and granted an
opportunity for a hearing to chalenge the oon-
tents of the disclosed records. All education
records that are released to persons or orga-
nizations outside of MIT must be released on
the condition that they will be used only for
their stated purpose and that no othe party
will have access to them without the student's
written consent. The dislosed material should
contain a statement to the effect that socep-
tanos of these materials consttutes an agree-
ment to abide by this conditon.

I
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Motor Vehicles

Students who hold temporary, non-immigrant
visas with P-1 classification are required by
the US Immigration and Naturalization Service
(INS), when applying for these visas, to autho-
rie MIT to release to INS, upon its request,
certain Information and documents about
themselves. A detailed description of the Infor-
mation subject to these requirements is avail-
able In the Office of the International Students'
Advisor. it is MIT's policy to release such In-
formation only to the extent required by law.

Certain personally identifiable Information from
a student's education record, designated by
the Institute as directory Information, may be
released without the students prior consent
and without a record being made. This Infor-
mation Includes: name, term and permanent
addresses, term phone number, department,
class, degrees received, dates of attendance,
and, for an Intercollegiate athletic team mem-
ber, weight and height. A student has the right
to withhold the designation of any or all of
these categories of information on himself or
herself as directory information. To exercise
this right, a student should submit by the end
of the second week of the fall term a request
form available from the Registrar. Intercolle-
glate athletic team members who wish to with-
hold the designation of weight and height as
directory information should contact the Sports
information Director in the Athletic Depart-
ment. The Student Direotory, although it con-
tains most of the Information listed above, is
Intended primarily for use by members of the
MIT community. information In the Directory
may be made available to persons outside of
MIT only in response to inquiries about speci-
fied Individuals. Providing the irootory or sim-
ilar listings to persons outside MIT or using
the Diroetory for non-institute purposes Is pro-
hibited. Massachusetts law permits local mu-
niclpaltles 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,
the affected Individual should be notified im-
mediately and the release of such Information
should then be made only by an officer of the
Institute who has been specifically authorized
to do so.

Adminletration of Institute Polioy

Questions conoeming this policy may be di-
rooted to the Dean for Student Affairs; Chair-
man of the Committee on Privacy; or the Vice
President In the Office of the Prosident, who is
the senior offloor responsible for overseeing
Insttute operations with respect to the proteo-
tion of individual privacy. Students who believe
that their rights under the Act have been
abridged by the institute may file complaints
with the PERPA Office, Department of Educa-
tion, Washington, DC 20201.

Letters of Reoommendation

A student's request for a letter of recommen-
dation to be written by Institute faculty or staff,
constitutes a consent to disolosure and
should, therefore, be made In writing.

A student or former student may voluntarily
waive his or her right to review or receive cop-
les of letters of recommendation or other doc-
uments sent to MIT or written by a member of
the MIT faculty or staff in connection with ad-
mission to educational Institutions, employ-
ment, or consideration for an honor or
recognition. Such a waiver must be In writing
and must include adequate Identification of the
concemed Individual, the author of the letter,
and the purpose for which the letter is In-
tended. Such wlvers must not be required as
a condition for admission to, receipt of finan-
cial aid from, or receipt of any other services
or benefits from any agency or Institution. Fac-
ulty and staff should take care not to encour-
age waivers unnecessarily.

Personal Fliss of Paoulty 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 education
records and are not per se subject to review
by students. However, if the personal flies are
made available to others within the Institute or
to parties outside MIT, then they are a part of
a student's education 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 Cafnpus
Police. Failure to register will result in a 25
fine. This registration is required whother or
not a parking sticker is obtained. Students
should also note that state law requires that
out-of-state oars operated by students be reg-
istered with the Campus Police.

Parking facilities at MIT are limited. in general,
the Institute cannot provide parg for resi-
dent students. With the approva' of the Dean
for Student Affairs, a limited number of saes
is available for assignment to students with
physical handicaps requiring use of an auto-
mobile and to a few other undergraduates.
Parking is prohibited and towing In effect on
Memorial Drive In front of MIT between the
hours of 7 and 10 am.

Students who plan to bring motor vehlcles to
Cambridge should take careful note of the In-
formation regarding pertinent Massachusetts
laws malled with registration material. In addi-
tion, since the rate of car thefts in this state is
one of the highest In the nation, serious con-
sideration should be given to equipping auto-
mobiles with anti-theft devices.
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Interdepartmental Study
and Research

Advances in knowledge and concern with the
functioning of modem society have led re-
searchers to become interested In complex
problems that can no longer be adequately
dealt with from the vantage point of a single
academic department. There Is thus an in-
creasing tendency at MIT for faculty and stu-
dents 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" pro-
gram; many can be explored through the var-
ious Interdepartmental organizations and
research facilities available at MIT.

These Interdepartmental educational opportun-
ides and research facilities are listed here and
described in detail in this chapter. The specific
opportunities available for undergraduate and
graduatle students In each of thee areas are
outlined within the description of the program
or facility.

Some of the interdepartmental programs and
research facilities provide opportunities for un-
dergraduates to engage In research or study
as part of a departmental major, and some
provide a way to broaden a student's educa-
tional 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 oppor-
tunities for Interdepartmental research, includ-
ing thesis topics (and often research
assistantships). Some of the Interdepartmental
educational programs have been formally ap-
proved for graduate students by the Commit-
tee on Graduate School Policy. An interested
student must be admitted by one of the regu-
lar academic departments In order to partici-
pate in an interdepartmental program (except
In Operations Research). Each of these pro-
grams has a standing faculty committee which
administers the program, but degrees in the
field of study are granted by the student's de-
partment of registration. The descriptions of
these programs Indicate in the title the ad-
vanoed degree(s) which are offered; e.g.,
(S.M.), (Ph.D.). Other study or research op-
portunities may be fields of study which lead
to advanced degrees, either as part of depart-
mental degree programs or as Interdepart-
mental programs administered on a more ad
hoc basis.

The opportunities for interdepartmental study,
and research at MIT include:

Acoustics
Archaeology and Ancient Technology (see

Center for Materials Research In Archaeol-
ogy and Ethnology)

Artificial Intelligence Laboratory
Astronomy and Astrophysics
Bates Linear Accelerator (see Laboratory for

Nuclear Science)
Biomedical Engineering
Bitter National Magnet Laboratory
Cell Culture Center
Center for Advanced Engineering Study
Center for Advanced Visual Studies
Center for Bilogical Information Processing
Center for Cancer Research
Center for Cognitive Science
Center for Computational Research in Eco-

nomics and Management Science
Center for Health Effects of Fossil Fuels

Utilization
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 Real Estate Development
Center for Space Research
Center for Technology, Policy, and Industrial

Development
Center for Transportation Studies
Clinical Research Center
Cognitive Science Programs (see Center for

Cognitive Science)
Concourse Program for First-Year Students
Draper Laboratory
Economics and Urban Studies
Energy Laboratory
Energy Study and Research
Environmental Studies
ESO (Experimental Study Group)
Health Sciences and Technology
Humanistic Studies Combined with Engineer-

ing or Science (S.B. Degree Programs)
Integrated Studies Program
Interdisciplinary Programs in Humanities
interdisciplinary Research Opportunities for

Undergraduates (see UROP)
international Food and Nutrition Program
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
Laboratory of Architecture and Planning
Law-Related Studies
Lincoln Laboratory
Management of Technology Program
Materials Processing Center

Media Arts and Sciences
Middle East Program
Mineral Resources Engineering and

Management
Minin and Mineral Resources Research

MIT-Japan Science and Technology Program
Nuclear Reactor Laboratory
Oceanography and Oceanographic

Engineering
Operations Research Center
Operations Research
Plasma Fusion Center
Power Engineering
Program in Polymer Science and Technology
Real Estate Development (see Center for Real

Estate Development)
Research Laboratory of Electronics
Research Program on Communications Policy
Science, Technology, and Society
Sea Grant College Program
Spectroscopy Laboratory
Statistics Center
Technology and Development Program
Technology and Policy
Transportation (see Center for Transportation

Studies)
Undergraduate Research Opportunities

Program (UROP)
Undergraduate Seminars
Unspecified 8.8. Degree Programs for Inter-

disciplinary Study
Wallae. Astrophysical Observatory (see As-

tronomy and Astrophysics)
Wallace Geophysical Observatory
Women's Studies
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Acoustical study and research are carried out
within the Departments of Mechanical Engl-
neering, Ocean Engineering, Electrical Engl-
neadng and Computer Science, Aeronautics
and Astronautics, and Architecture.

Acoustcal work generally supports the pdncl-
pal activiies within the departments, such as
in communications, machine design, propul-
sicri and guidance, and structural design. Sub-
jects In acoustics have few prerequisites and
can be readily taken by students from any de-
partment. Undergraduates should be able to
take several acoustics courses from the offer-
Ings of various departments. At the graduate
level, it is possible to set up more specialized
Interdepartmental programs of study and re-
search In acoustics. The unspecified mass
degree In engineering allows one to specialize
in acoustics. Another possibility is to enter the
doctoral program of one of the departments
and to establish a special faculty committee
with representatives of the appropriate depart-
ments for the program. The degree received
may be departmental or designate a specialty
In acoustics.

Acoustics subjects fall generally within three
categories. The first consists of basic subjects
at both undergraduate and graduate levels.
These subjects are taught within the Depart-
ments of Electrical Engineering and Computer
Science, Mechanical Engineering, and Archi-
tecture. A second group of subjects supports
the various research activities In acoustics.
These Include subjects In speech communica-
tion, neural physiology and perception of
speech, sound vibration and wave propaga-
tion, aerodynamic noise, and medical ultrason-
lo. A third set of subjects s in "professional
practice," and Includes noise control, architec-
tural acoustios, and sonar applications. A
complete Istng of the various acoustics sub-
jects is contained in the brochure Acousdos at

Students wishing further information should
contact Professor Richard H. Lyon, Depart-
ment of Mechanical Engineering, Room 3-366,
MIT, Cambridge, Massachusetts 02139, (617)
253-2214.

Artifllcial IntellIgence Laboratory

The primary goal of the Artificial intelligence
Laboratory la to understand how computers
can be made to exhibit intelligence. Two corol-
lary goals are to make computers more useful
and to understand certain aspects of human
Nince. Current essaroh Includes work

an oboles Eglih-lngugeunderstanding,

laming and automac debugging, common-
sense reasoning, engineering problem solving,
manufacturing productivity, computer architec-
ture, and human development.

Graduate students typically are enrolled In
the Departments of Electrical Enering an
Computer Science, Mechanical! Ennering,
Brain and Cognitive Sciences, Mathematis, or
Linguistics and Philosophy. Undergraduatee
get involved through UROP projects.

Robotics. This area Includes studies In vision,
tactile sensing, manipulation, and the intelli-
gent connection of perception with acton.
Central problems are the formulation of repre-
sentations and the exploitation of natural con-
straints.

Design and Analysis Systems. Engineers de-
sign, analyze, debug, and explain complex en-
gineered 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.
Applications apply particularly to very large-
scale Integrated circuit design and program-
ming.

Leaming and Natural Language. Recent work
has concentrated on theories explaining how
new sltuations can be analyzed in terms of re-
membered case studies and on ideas that en-
able the rules of natural language syntax to be
Inferred from examples. Applications Include
Information retrieval and Intelligent support
systems, both oriented toward supplying deci-
slon makers with usable computer expertise.

Computing Concepts. Sophisticated ideas for
programming languages and computer archi-
tectures are a major research theme. Current
work focuses on a connecdon memory ma-
chine with a million processors and on scal-
able, message-orented models of
computation.

Further information is available from Professor
Patdk H. Winston, Director, Artificial Inteli-
gence Laboratory, Room NE 43-816, MIT,
Cambridge, Massachusetts 02139, (617)
253-6754.

Astronomy and Astrophyslos
Observatorles and Paollities

Teaching and research In astronomy and as-
trophysIcs at MIT are truly Interdepartmental,
involving more than 25 faculty members of the
Departments of Physics; Earth, Atmospheric,
and Planetary Scienoes; Mathematics; Elt-
cal Engineering and Computer Science; and
Chemlstry.The subjects offered and the oppor-
tunitles for graduate nd undergraduate re-
search cover a correspondingly broad
spectrum.

The observational programs emphasize the
application of modem technology to the stud
of objects as diverse as the rings of planets
and clusters of galaxies. For example, radio
telescopes, as single dishes or transoontinen-
tall Interferometer arrays, are used to deter
mine the structure of radio galaxies and to
analyze the formation of complex molecules in
Interstellar space. X-ray satellites are used to
measure the temperature and composition of
Integalactc matter and to stu the properties
of thermonuclear explosonms on neutron stars.
Plasma detectors on deep-space probes are
used to explore the properies of the Inter-
planetary medium and the magnetoapheres of
the planets out to Neptune. Radar scanners
are used from Earth and from planet.
orbiting spacecraft to map the opography of
Venus. Two-dimensional CCD arrays are used
for image analysis on optical telescopes.
Looldng toward the future possibility of gravt-
wae astronomy, instruments for the detection
of gravitational radiation are now under devel-
opment.

Some of the theoretical research is related di-
rectly to observational programs as in the
study of planetary ring systems, the Interpreta-
ton of Interplanetary plasma measurements,
and the evolution of X -ray binaries. Other ef-
forts are devoted to understanding the general
circuiation of planetary atmospheres, the dy-
namics of both isolated and Interactng galax-
lse, and problems of relativistic and high-
energy astrophysics ranging from the ogin of
the universe In the Big to the formation
of galaxies, the mechanisms of supernovae,
and the origins of cosmnic rays.

The George R. Wallaeos, Jr., Astrophysloal
ObseratoryIs a versatile facility for research
and eacingin optical astronomy, and diretl

supports the growing student Ond faculty Inter-
est at MIT In astronomy and related sciences.
The Observatory, located in nearby Weetord,
Massachusetts, has two op-cal teni- of
16- and 24-inch diameter with unique elec-
tronic Instrumnation. The telescopes are
used In formal Instruction, for student reesarvit
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projects, and as teetbeds for Instrumentation
to be used with larger Instruments. Further In-
formation on the Wallace Obeervatory may be
obtained by contating Profeeeor James L.
Eliot, Department of Earth, Atmospheric, and
Planetary Solences, Room 54422, MIT, Cam-
bri, Massachusetts 02139, (617) 23-7856
or 01M

The Haystack Radio Observatory provides
opportunlies for undergraduate and graduate
student research, both for spectroscopy of the
Interstellar medium and for very-long-baselIne
Inteerometry. The Haystack Observatory is
also located in Westford.

The McGraHiI Observatory at Kitt Peak in
Adona Is operated ntyby MIT, the Univer-
ety of Michigan, Dartmouth Collee. It
has two W Of 52-Inch and g-Inch dt-
amwater th modem Instrumentation.

Expermental programs with student participa-
tion Involve Instruments launched on board
satelite and Interplanetary spacecraft. In ad-
dlon, MIT students and staff observe at other
installations such as the National Radio As.
tronomy Observatory In West Virginia and the
National Astronomy and lonospherio Observa-
tory In Areolbo, Puerto Rico, and they use the
telecope of both the Kilt Peak National Ob-
servatory and the Cerro-Tololo Inter-American
Observatory In Chile.

Astronomy and astrophysics subjects, which
are offered at the un dergrduate and gradu-
ata levels, re p "madly by the Depart-
ments of Physics and rth, Atmospheric, and
Planetary Sciences. Further Information, In-
cluding a complete list of astronomy and as-
trophysic subjects, may be obtained by
contating Profaseor George Clark; Room 37-
611, MIT, Cambridge, Massachusetts 02139,
(617) 253-5642.

11omedloal EngIneerIng

There are many graduate degree opportuni-
tie (SO.D., Ph.D.) In biomedical engineering
at MIT, and students and faculty in many de-
partments are conducting research In this
area. These research Interests, spanning the
If solenose, physics, and engineer, have
led to the development of programs of gradu-
sIe study for students wishing to pursue ca-
reers In these rapidly evolving fields. Each of
thse programs has evolved out of the Inter-
sts and professional speoialties of the particl-
paing faculty, Many are based primad In the
academic departments of the School Engi.
neaing and, therefore, are avable to stu-
d"nte as regular departmental aclvties.
Virtualy all of the engineerng studies re in

collaboration with life solenists, many of
whom are members of medical faculties and
affiliated with teaching hospitals In the Boston
area.

There are currently four graduate programs In
biomedical engineering avalable to graduate
students at MIT. These are (in order of in-
creasing medical and clinical content):
1) departmental programs In the School of En-
gineeing; 2) MIT Interdepartmental Doctoral

ram In BIomedical gngineed
3) -arvardMIT DMlon of Health n
and Technology Doctoral Program in Medical
Engineering and Medical Physics; and
4) combined M.D.-Ph.D. programs.

The choice among the first three of these pro-
grams depends on the desired breadth of ex-
posure to the medical and life sclenoss and
the career goals of the student, particularly
with respect to the clinical aspects of biomedi-
cal engineering.

1) A student who is primarily attracted by a
basic engineering discipline which Is applica-
ble to biological problems, and who Intends to
pursue a professIonal engineering career
which may lie outside the field of biomedical
engineering is advised to apply for the depart-
mental program. A background In mathematics
and the physical sciences is a necessary pre-
requisite for graduate study In biomedical on-
Ilneeg program within the School of

nginsedng. Preparation In the biological sci-
ences, though desirable, Is not required. Ao-
live biomedical research Is pursued in the
Departments of Aeronauts and Astronaudcs,
Chemical Engineering, Electrical Engineering
and Computer Science, Materials Science and
Engineering, Mechanical Engineering, and Nu-
clear Engineering.

Further Information on departmental programs
In the School of Engineering may be obtained
from the graduate registration ofnoer of the
appropriate department.

2) The Interdepartmental Doctoral Program in
Biomedical Engineering at MIT has been de-
signed for students who wish a broader expo-
sure to the ife sciences, and who wish to
pursue research of an interdeciplinary charac-
ter. This program is administered under the
auspices of the Harvard-MIT Committee on
Biomedical Engineering and Physical Sd-
enosa. The program Is aimed at deve0ping
biomedical engineers who can function I in
both the flelds of engineering and life aol-
ences, as, for example, bloengineers son-
cemed with control systems and with
Instrumentation for aerospace medicine; blo-
materials solentsts Interested in developing
materials for artlal organs and prosthetic

devices; experts In fluld flow who are seeldng
a deeper understanding of how the cardIovas-
cular system funtions; and systems engineers
Interested In designing automated laboratories,
model emrgency rooms, operating roms,
and patient folides. Graduate students from
any department who possess or are complet-
ing an engineering master's degree may apply
for admission. Students should normally apply
for admission to the MIT engineering depart-
ment most closely related to the field of their
undergraduate maior, and should contact Pro-
fessor L. R. Young, Room 37-207, MIT, Cam-
bridge, MA 02130, (617) 253-7605. The Oude
to BIomedioal Engnering and Physics at MIT
and Harvard describes both educational pro-
grams and research activiles. Copies are
available from Professor Young at the above
address.

3) The HST Doctoral Program in Biomedical
E ineering and Physical Sciences-1I a nom-
In five-year program designed to educate
Individuals who will be well qualified as
engineers or physicists, and who, with exten-
slve knowledge of the medical solences, may
engage In productive, Independent Investiga-
tion of Important problems at the Interface of
technology and clinical medicine. The Program
provides a thorough graduate experience In a
classical discipine of engineering or physics,
and also requires considerable study in the
basic medical sclences. In addition, students
are afforded a unique opportunity to learn Im-
portent clinical skills and acquire an in-depth
understanding of clinical care, medical deci-
slon making, and the role of technology In
patient care.

To be considered for admission, students
must have completed at least a B.S. degree In
engineering or physical science. The GRE ap-
titude test and one advanced test are also re-
quired. Those Individuals who have completed
only the bachelor's degree prior to matdcula-
tion in the Program must apply simultaneously
to the HST Division and the appropriate grad-
uste department. Admission to the MEMP
Program requires afirmative assessment by
both departmental and HST Admission com-
mittee. Students who have completed a mas
ter's degree need apply only to the HST
Division. Further Information may be obtained
from Professor R. G. Mark, Room E25-519,
MIT, Cambridge, Massachusetts 02139, (617)
253-7618.

4) The biomedical sciences curriculum of the
Harvard-MIT DMsion of Health Sciences and
Technology leads to th M.D. at Harvard Med-
ical School and may be combined with studise
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the SM. or the Ph.D. In one of the
MIT d t. Students interested In such
combined degree programs must apply Inde-

pnetyto the depadtment of Interest and to
Harvard M"School. Further Information
may be obtained from Professor R. 0. Mark,
Room E26-519, MIT, Cambridge, Massachu-
se0 02130, (617) 2537818.

lomedioal engineering Is also of Increasi
Interest to ud uate students at M
Investgatons on such vared topics as bloma-
tsdals, bIologlcal control systems, and mecha-
nisms of sensory perception, to name only a
few, Involve faculty and students from most of
the engineerng departments. Much of this re-
search is carred out In Interdepartmental abo-
raUde In collaboration with workers from
medical centers In the Boston area. Under-
graduates wishing to explore this developing
area have ample opportunity within their regu-
lar departmental major through elsotve sub-
js, special laboratory projects, and the
senior thesis. These studies should be of spe-
cial Interest to students who are enrolled In a
premedical curriculum. The Committee on
Blomedical Engineerng serves as an advisory
body which can assist students In setting up
interdepartmental programs. Further Informa-
tion may be obtained from Professor L. R.
Young, Room 37-207, MIT, Cambridge, Mas-
sachusetts, 02139, (617) 253-7605.

lter National Magnet Laboretory

The Francis Bitter National Magnet Labora-
tory, supported by the National Sclence Foun-
daton, conducia a program of research and
development In science and engineedring In
areas involng magnetic fields.

Contnuous fields up to 30 tela are avalable
In a variety of configurations. High magnetic
field and high resolution nuclear magneic res-
onanos spectrometers are used for studies of
moleculee of biologlcal Intsrest. Both the high
field magnets and the nuclear magneti reso-
nance spectrometers are made available on a
routine basis to research groups from other
MIT departments and from institutions
throughout the world. In addition, the Labora.
tory operates pulsed magnets (gvng fields up
to 45 tWela) and a magnetically shielded room
of wal-n size.

The Laboratorys sold-state physics research
arIs an experimental and theoretial

f es1mloonductors, magneto materials,
and suprconduoe-. Molecular biology stud-
le are carded out using high resoludon nu-
le nw*VMresonance spectrometry and

the =enet. ~

The Laboratory also conducts research and
development programs aimed at the practical
application of magnetic fields to technology
and medicine. Current projects include studies
of the weak magneti fields of the human
body, studies of magneti separation tech-
niques, and development of nuclear magnetic
resonance Imaging systemi.

Collaborative programs are carded out with
the Departments of Physics, Electrical Engl-
neering and Computer Science, Mechanical
Engineering, Nuclear Engineering, Materials
Science and Engineeing, Chemistry, and with
the Plasma Fusion Center. These collabora-
tive programs include participation by under-
graduate and graduate students worldng on
theses. Undergraduate students In the UROP
program and others are also employed.

Additional Information may be obtained from
the Director of the Laboratory, Professor Peter
Wolff, Building NW14-3220, MIT, Cambridge,
Massachusetts 02139, (617) 253-5478.

Cell Culture Center

The Cell Culture Center was established In
1974 to serve'as a facility and resource for
cell biologists throughout the United States. its
mission is to carry out large-scale production
of animal ces and their products that will al-
low scientists to conduct novel and important
expedments In basic cell biology which could
not be carred out with the materials and re-
sources available In the investigator's own lab-
oratory. The Center works directly with
Individual scientists on basic research prob-
lems, and cardes out an adve program for
the development of new technilqus for large-
scale cell production. A limited number of
graduate and undergraduate students can
participate through the Departments of Biology
or Applied Ulologlcal Sciences In studies car-
ded out In the Center Invovng large-scale an-
Imal cell production. Reoengy a Cel Sorter
Laboratory was added which provides instru-
mentation to analye various light saNer
propertiee and any compatible fluorescent la-
bel on a rapid, single-ce basis, providing sta-
tistcal quantitation of each desired parameter
on a given suspended ell population. The
laboratory is equipped with Ortho Diagnostic
Instrumentation and an on-ine computer sys-
tem for data acquislton, storage, and analysis.

Further inquirles be addressed to the Of-
fios of the Director, . Donald J. Glard, Room
E17-321, MIT, Cambrdge, Massachusetts
02130, (617) 253-6430.

Center for Advanaed EngineerIng Study

The primary objective of CAES Is to Improve
and extend the capabilities and effectiveness
of practiing profeesionals In engineeing and
the sclences by provIdIng high-quaty earning
opporturnies on campus, at the wo ,
and at other locations. Emphasis is to
technical and managedal-technical sbjet
which are appliatons-oriented. The Center
identifes problems which are of great national
or professional Importance and offers Instruc-
tion and assistance to the profession In solv-
Ing thm. T h research and Improved
methods of nuing education, the Center
provides a number of ways for participants to
acquire the knowledge and skills needed to
resolve these problems.

The Center offers the following programs,
which include both on-campus and off-campus
activles:

1) The Advanced Study Programs enable an-
gineers, soentits, and technical managers to
come to MIT for one or more terms to work in
depth and to strengthen their base In techno-
logical areas pertinent to their professions.
The entire offering of MIT undergraduate and
graduate subjects, seminars, and coloquia is
avallable. Participation in ongoing research
work and self-study programs can be ar-
rd. Particpants may develop programs of

to meet their individual needs or may
pa to in speolalIed programs in Air

ransporadton, Communicadon Technology
and Poicy, Design and Manufactu Aulo-
mation and Control, Biotechnology,
Noise and Diagnostics, Qualty and Produotv-
ity,. and Systems Reliablity and Risk Analysis.
A certificate is awarded folowing saifaclory
completion of a Program.

2) The Visiting Engineers Program enables
outstand research eneer
to spend an academic year or longer at MIT
pursuing research in close collaboration with
one or nore MIT faculty members.

3) Through the Video Course Development
Program, CAES has developed more than
1,000 videotapes, video course manuals, and
textbooks In engineeing, science, mathemat-
ios, and menagement. These video-based
ocurses are designed to meet the individual
needs of engineers, scientists, and technical
managers wordng in the field. The 50 video
ocurees are utilized by over 30,000 lsemers
(at a distance) annually.

4) The Conference and Seminar Program sup-
ports a variety of nonsooredied continuin ad-
ucaion programs - wodshops, seminars,
short courses, and conferenoes. Emphasis is

i ~
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on technical and management applications in
science and engineering, renectng trends in
the markepie and their relationship to tech-
nology devopmen. individual programe vary in

leegngO from oner dy to one month,
may be held at MIT or other localons

around the country and overesse.

5) This year the Centers program of research
and development in congtnuing educaton
shited lIt emphas from conservaion
to the problems commercal
compettveness in intenational markets. One
of the keys to increased srength in this area
is increased quality and productivy. The Ad-
vanced Study Program, the Video Course De-
veONt Program, and the Confeec and
Sein*ar Programn gav this topic high priority
and p new programs. The has
been active on the national scene organiting
local conferenOs and encouraging the forma-
tion of a network of local consortia.

For more informato on the above program
and current offering, contact John Newoomb,
Center for Advanced Engineering Study,
Room g-221, MIT, 77 Massachusetts Avenue,
Cambridge, Massachusetts 02130, (617) 253-
7400.

Center for Advanced Visual Studies

The Center for Advanced Visual Studies pro-
vides aros of achievement with the
opportunity to explore new artistic forms. Col-
laboradon through a working dialogue between
arst, sentists, ard enginas is of primary
importance in the exploration of new creative
objecWtes. Mutually beneficial contact betesen
adtit and scienist allows the artist to develop
te technical competence to utilize advanced
technology.

The Centers main reas of interest are: envi-
ronmental art and design; developmental artis-
ti media work; interaction of art, sience, and
technology; celebraions; and educaion to-
ward te new rts - video, holography, com-
pue-aied deeg and programming, law
art, andsk art.

A imied amount of work space also is avail-
able for a smal number of research afilates
and graduate siduent, UtergraIuates
may p ulpst1 in the Center trough UROP.
A aslogue liting the Center's educational of-
foins, n sciation with the Department of

i, av In the Office of the
Director, Professor Oto Plene, Building WI 1,
40 Massachusetts Avenue, MIT, Cambridge,
Massaghusette 02130, (617) 253-4415.

Cente r oloegical infonnation
Processig

The Center for BIologIcal information Process.
ing, established in 104 within the Whitaker
College of Health Sciences, TscIWIOIg, and
Management, serves as a focal point col-
Isboraon among researcheir in artificial intel-

, ngnering, and the neurocirens.
proeof the Canter Is to fosler an In-

terdlacpllnary approach to the study of infor-
maton processing in the brain, where
computational theores in the areas of vision
and motor control are developed and teted
within the framework of n'g
psychological, and other expedmental up-

The Center brings together faculty, postdoo-
toral fellows, visiting scientists, and students.
Through seminars, colsborastve research sf-
forts, and inormal interaction, the Center pro-
motes conmunicsin among reearchers
from dese d escomplementing the
computational approach with the necessary
experimental talent. Thm activities enable r-
searchers with computational backgrounds to
study the brain sciences, while, neurobiologiMst
and expimnral pyholoists train In the
computational reeah of brain function.

Research opportunities at the Center are
av...l for a sal number of graduate ou-
dents who meet the requirements for admis-
sion in the Departments of Biology, Brain and
COgnive Sciences. Elecical Engineedng and
Computer SOcence, Mathematics, Physics, and
the Harvad-MIT Division of Health Sence
and Tecno~w The Center offers a imited
number of Uopportunities for undegrad-
uste students.

Further information regarding current research
projects, and a fit"n of memos published by
members of the Center ae available from the
Assistant to the Director, Room E25-201, MIT,
Cambridge, Massachusetts 02130, (617)
253451.

Centr for CanewR erseearoh

The Center for Cancer Research provides fa-
Amfe for interdeprtmental work In various
pha of fundamental cancer research. The
Center's faculty ae drawn from the Depat-
ment of Biology. Graduale etudents in any of
the MITrdepartmente a ask to do doiftora
thesis reearch upersion of the
faculy of the Center. If accepted, they may be
eligible for upport as reesaich assistants in
the Center. Opportunities for undergraduate
research we available through the UROP pro-
gram. Seminars in cancer research both for

Credit and as pubc colloquia of the Center
ae available. Further informaton may be ob-
tained by contaotng the ofes of the Director,
Profeesor Phip A. Sharp, Room E17-110,
MIT, Cambridge, Maseachusetts 02130, (617)
253-6400.

Center for Cognitive Saence
Cogd8 y soenos Program

The Center for Cognitive SOlence provides
an Intellectual d administratie focus for in-
du and coloiOve research Icognve
science at MIT. in addition, a committee of the
CenW diesemdinsta information about gredu-
at and undergraduate study in cognitive sci-

Members of the Cent reprsesnt the Depat-
ments of Electidol Engineering and Computer
Seon, Linguistics an P-loecphy, and Brain
vWCgntv Sciences (which offler subjet

as well as the , eence),
and the Research Laboratory of Electronics.

A number of cooperative activities invoip
members of the Center and scientis at other
institutions with programs in cognitive sclIence
ae planned or in progress, and th m
of the Center maitin active relations with
sintworing at other acadic, medi
and reseach institutions In the Boston area.

The Cn administars a program of posddo-
toral fellowships which bring young sholS to
MIT to work with members on thCentes re-
each projects.in addition, l a vt nge
proa is mai ed th bringe mo senior
reearchers to the Ce The Center also
coordinates a number of research projects in
the ae of cne eu by via-
fing and peranent mbes of te COnter.
Computer-basd laoraory aN reer fec61-

e are maitaid wihin the Center to sup-
port the conduct of such research.

A Cognitive Science Seminar, a series of col-
loqula, and the publication of an Occasional
Paper Series serve to disseminate slentino
information and provide for the mutual ex-
change of student and workers In the fel.

Further information may be obtained from Pro-
Ies Samue y JO ysM and Sten
Pinker, Codirectors, Room 200-212 MIT,

'Machuest 02130, (617) 23-
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The undergraduate bachelor deree pro.
gm in cognitive science Is under

De of Brain and Sol-
ences Chapter VII of this t ue.

At the graduate level, no formal interdisol-
plinary degree program is offered at present.
Graduate students who wish to have Informa-
tion or guidance about avaliable resources,
acros departments should consult the chair-
man of the Committee on Graduate Studies in
the Cogniltive SOences, Professor S. J. Key-
w, Room 20D-212 MIT, Cambridge, Massa-
chusets 0213g, (617) 28-4141.

Center for Computational Research In
Eonomies nmd Management SWence

This Centers purpose is to advance knowl-
edge about modelingin economics, statistics,
and managemen. s Is accomplished
through mic research and related soft.
ware performed by researchers
representng the varied quandtative disclpines
that underie modern computer-intensive mod-
elin. Then disolplines Include econometrics,

, computer science, and operations
research. Computer implementation Is per-
formed us terSOUve tools, of which the

ngle most Important Is a comprehensive soft-
were environment called TROLL. TROLL con-
tains trgsr~ ools and standard
functions that the ropw mplement-
don of eperimental algorithms and also pro-
vides a modeing environment for applied
studies. The system provides all standard
techniques, and many experimental ones, for
building and using econometric models.

Recent research at the Center has focused on
the evaluation and improvement of model red-
ability using graphice, methods for coping with
multioolineity, nonlinear optimizaion, robust
simation, ARIMA time-series models, and
the use of artfil intellgence concepts in
statistical or econometric model building.

The Centers 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 Depart-
ments of Economics, Politcal Science, and
Civi Engineering.

Several graduate student work a research
assistants at the Center, and undergraduates
partipale in UROP projects. Studente some-
tmes use the Centers resources in doing
thein.

Further information may be obtained from the
Acting Director, Profsesor Roy E. Welsch,
Room E40-12g, MIT, Cambridge, Massachu-
sefs 0213g, (617) 2588411.

eanter for Health Efects of Poseld Puels

The Center for Health Effects of FoselI Fuels
Utilization was estabished through the colab.
orative efforts of combustion sciendsts and n-
gInsers, tcaologlet, and naya chemists
In the Departments of Chemnistry, Chemical
Engineering, Applied Biologlcal Sclences, and
the MIT Energ aboratory. The Center Is
funded by the institute of Environ-
mental Health Sciences. Its assoate re-
search programs are fundedb NIEHS, the
US Department of Energy, an other govern-
mental agencies. Them research rams
have provided challenging Imiopny
problema for graduate and r duet
students. Of particular iportance Is tfWo em-
phasla on providing Information sufflet to
guki engineeri an for omrbust'ens-
tems with lowre i-Aof WbilgloW*ade
emissions.

A primary made of research Involves analytioal
chemists w wth combustion enginese
to measur the chemical compo-
nents from epreftand practoica com-
bustlon systems. TodoloIst first evaluate
the biological activity of the raw exhausts by
measuring their mutagsnlo polency in bacteria
and human ells. The combination of anlyl-
cal chemistry and toxicology Is then used to
idenfy specific compoundsin the exhausts
that are responsible for the biological aotMIty.
A second area of research Is the eludy of the
effects of gaseous and partiulate combustion
effluents on respiratory . A third
area Is the development means to measure
the presence and blial effects of combus-

on-generated c i soly in humans.
This research I@ now s because of
recent advances in analytial eitry and
analyUcaet as applied to human blood

Is to discover which envi-
ronmental chemicals (if any) actually do cause
significant genetio changes In ordinary hu-
mans.

The findings of studies In all three areas have
stimulated primary research efforts in under-
standing both the mechanisms of compound
formation and the mechanisms of activity in
Inducing cancer and genedc change.

Center aoutives are coordinated by Professor
William 0. Thily, Professor of Geneto Toxicol-
ogy, Room E186466,MIT, Cambridge. Mass&-
chusett 02139, (617) 253-420.

Center for InfOrmation Systems Rseerch

The Center for Information Systems Research
(CISR) was estabihed at the Sloan School of
Management In 1974. CIR's activities focus
on research aimed at Improving the effecive-
nes of inminprocessling tools and tech-
niques avalable to managers in the private
sector and poicymakers In the public sector.
There is a recognized need to Institute more
effective relationships between academics and
private and public sector managers In a joint
effort to Improve computer-based information
systems.

Research at CISR is pragmatic, problem-
based, and appoaton-driven. Research ef-
forts are performed primary In application
areas of immediate interest to managers and
poicymakers. A set of corporate sponsors
provides both funding and assistance in defnn-
Ing and i aign1cant research
rea. Rea on fundamental issues affec-

ing both the public and private sectors is being
performed in such areas as 1) managerial use
of computers, 2) informaton technology, 8) the
management of the information systems funo-
tion, and 4) the impact of informane
on organizations. CISR disseminates
cant research findings to the informaion sys-
tems user community through teaching,
seminars, woridng papers, and publications.

The background of CI$R's faculty ranges from
computer science and electrical egen to
law, psychology, and organa behavior.

Each year, a number of master's deree-d n management -orms.
their theels work and

course projels in conjuton with ongoin
CISR research. In addidon, Ph.D, and
masters students are often Involved in CISR
projects as research assistants.

Further Information about the Center may be
obtained by contacing the Office of the bireo-
tor, Dr. John F. Rockart, Room E40-193,
Sloan School of Management, MIT, Cam-
bridge, Massachusetts 0213g, (617) 2*-2348.
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cultural remaine in order to detnnine the na-
ture and atructure of the materials of which

1401, MIT, , Massachusetts
021g, (017) 26-217; Profeesor Arthur

The Center for Interaional 0"ues they ae compoeed and the extration and Steinberg, Room 200-1310, 510- 1; or Dr.
in research on te na tional processing regimee thy have undergone. Prederick W1eman; Room 901S-118,

eto ifc and tThe Cenater ofer graduate-level In
change. The COnit has no formal teaching the CMME Graduate Lorory ( 12).

of Ne own; moat of its senior staff are Theee are to Center for Malerle SIence and
members of various MIT m , aener nem alEngineeri

rtute for g si- Inalitutions. ah subject Is laboratory
dante to paLit In the reseah oriented, rune for a ful year, and covent a Mejor research our SUPo

PR he ow w nae he aes of our- sig la of maLerls (e.g., ceramlcs or by te Ceer p ime mtdec a re-
tessarh: ), or a method for itr rege easrch In the folwi ras of tust: 1) flow

logical data (e.g., computere y). and fracture Ina os;
ses n nd pubiO policy 2) dofel In ; 3) ph trani-

ane conrol and defense studies The Center run a Summer Institute, which of- dons; 4) polymers; 5) Ivallon In high
USepen science and technology fare a one-month, Intensive laboratory course stength eel . Theae m m@ am

open to graduate students and scholars from funded a grant mte Na-
Inswutins troughout the United Staes and 1onal Science

ae~oig nd dee~mn
food and nW O W ~US-China solence and technology
International political problems and conflit

pslitial and economic development

Further information may be obtalned from the
Diretor, Professor Eua S. SkolniWff,
Room 180448, MIT, Cambridge, Ma Nchu-
5ene 02180, (817) 258140.

Center for Materialm Reearch In
Arehteolegy and 0imnolgy

AnueeolOy nd Ancent Tehnology

The Center fr Malelt Research in Ar-
chessiegy end SOt~weiggy (CMRAE) encour-

new dirions for reserM h In
ant(opology. archamology, history, and re-

hdi a and ecle cine disoiines
by provIding them with an pended technica
bas in the cenes of organic and Inorgnio

reWd. The 0ter wa eabIshed In 1977
arid "lu a Iastiions i n t gree"'
boston wea: Soawn UnIverslty, Brandels Uni-
varsity, Harvard University, the Universito
Masuset MIT, Pt Museum of Pine Arts
of N AsNon, Tuft WITve% a W#NOWeelaf c-
Is".~ MIT seres as th oo oroibaf
Iitlon.

fTh Cnt' mn~~ ~d~n V.AM

abroad.

Further Information about the Center may be
obtained from-the DiretOor, Professor Heather
L-sohtman, Anthropology/Archaeology Progam
and Department of Maeials Science and En.
ginesring, Room S-188, MIT, Cambridge, Mae-
sachusetts 01189, (017) 258-1876.

MIT also offers an unduerduate pgrmIn
Arehaeolagy and Anclent Teiogy

Truha combination of arhelgclfield-
work, studies, and subjecle, this
program atnemple to Iiprove the understand-

study how cultures, intercoing with mnalertals,
produced technological systeme which, In tum,
helped'to shape the cultures themselves. This
ares of study combines the ecienllio eamine-

tion and experiments of the mhateils labora-
tory, the aolantifi excavation of archaeologIcal
sIes, the setlo feel of te technology and
appreoaion of its producs, and the hietortoal
and antropological ud of

t eh o po pto a times.
The subjects, iin e Anlropology/

Prga ofsand i n the Department
Vo Sen and Enginaering, fous

on thernt anditc mandrofO dtfret an-

n .a de d
Teereanlt.ntoloy

Participatng In CMAE-funded programs are
groups frm the Departments of Chum-

Chem ry, leoial Eng-
neerng and Computer Scieno, Mals
Science and Eniern, Mechanieel Engi-
neering, and . and under-
graduate saively in aN
aspools of " me reseisah maa. Ao-
tul appointment handled by toea
damlo departments.

CMIE maintain ecellent modem oentral ser-
vime fadlies such as crystal growing and
charactrlatiOn laboratories; ectocopic f-
coies; ecanning, transmiselon, and scanning-
tran- on electron microscopy; anayd
compostional analysis; ion miresproba; ion
Implanter; a polymer fauity; and scanninly Au.
ger, ESCA, and IED aasavlable
the Surface AnallOAl) . Akio allbi

-Ae th onHppledn and a etu-
dent machine shop.

Annual MIT reports of remsero entled Re
s- ki WanMn ias at fran Re-

sweb We av ethrough
Adminiergve O", Room 13206n , MIT,

Cambridge, Masachuset 02180.

out In a network of saed lboari at Td. ese o p~oe oomrenly unde study In
mebe intudlone,~ wh are used by thu- Ue Laboratory for Reeaeh on 00-10-1-m
ds and ofY mOs 0inmLa4ns as wei Maeriak and in the feld Include

Sa by vsett and &ludens of pre-oumbian ietwor In te Andes
diho join O Cenar for WxWpld. The and in Mesomedos an W0mto f do

n talls urgh , anong change fom temer to oin in paintng
, n l momania, The resamo- of the Italan Renaissanse, anda reoneo-

tonw of f oft tm s ta syte Udeveagued by
w~mmry study of estas and other *nds of oanwia Prnteyr HeWowUd Laen,
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Center for Real Estate Development

Reel Estate Deveopment (M)

The Center for Reel Estate Development pro-
videas an in e fou for resarch an s-
sues affeting the development process,
Faculty associated with the Center are drawn
from the Departments of Archboture, Urban
Bludise and I, Civ EngineeIng, and
the Sloan School . The maor
research Interesls of M C include the
linkages between delgn quality and linancial
performance; M inf tion betwmn tax
poicy, monetary poliy, and the avaabilty
of capital for development; models of the do.
mand for different types of development; and
research on new forms of publo-puvate pat-
nerahop. The Center iteranton
between members of the e nindu-
by and the cadm ic community through seam-
Inre, qui, leolure and a eeres of
Intensive summer courees. The Center Is sup-
ported In prUt trougcorporate and personal

mm r from and Individuals aNve
In th development Industry.

velopment of suitable Instrumentation for the
spacs-based ad ground-based experiments.
An active program of 0reorelical studies In as-
trophyce Is also supported by the Center.

Laboratory faclities include X-ray sources,
paricle aeleralrs, vacuum chambers, and
convenional electronic test and machine tool
equipment. Extensive date handing and com-
putatonal faoites are avaiable for the analy-
sle and reduodon of solefido dat . An
experiened and wneq led group of engl-
neers and technIciaen pridee design, con-
suow, and teeting of erPdmenst In
support of t fight pgrams,.

The vadety of sclenif and technical prob-
lems that Ise in them Ist gati affords
numerus opportuntie for adlua le th
research. In addition there Is r parlolpc-
tion by d e udent In
of data and In thev
new Instruments. Purther maybe
obtained from Me Offiof the Drtor, ro-
feesor Gordon H. Pedengil, Room 87-241,
MIT, Cambridge, Massachusets 02130, (017)
288-7801.

The Center also serves as the home for MW
Master of SOience In Real Estate Development
prgam an i.d. mnmta degree pro CN forc 0,. pel
gram which combines educaion in design, and idustrial Develoment
plnnng consrunden, management, finance,

nd mket. The program i intended to The Center for Techoogy, Pl and iu
Prepa r j idns to Weutpgloso s rall Dvlmnt was stabishd In I96
eponAlblty in privale ncompanies, within Mho of Engineeing to undertake
fianal iutons, gcvenient agencies, resomah and teaching avitadresing
nonprot development orgeaens, and on- the complex issues of chnolo and poicy.
suitng anne. The program reilee 12 months The Ceter absorbs and uponthe
of Intensive study. Further informnion about atviems of the former for Poly
Me Center or the Master of Science In Real Altemadvee.
Estate Development may be obtained from
James Mlceler, Diector, Center for Real Ie- The new Center will be deeply involved in
te Development, W31-00, Cambridge, Ma- invetigating how technology and Indusrial
6achusette 0113. development can be advanced In a socially r-

sponsle mannerequkn an appropriate
mix of pubIo p a ond pdvae etor Inia-

ON for Spas Research tiv1s. More te, M Center sekm to
bud internal briges that w ink th many

The Center for Spaes Research offers stu- arees of MIT where and policy so-
dents, faculty, and profeslinal research staff ivies are under way. The olarae work
opportuniles to participate in & broedy based wl involve faculty from engineering, sience,
progam of spacerelated researoh. he projeat law, management, and Me social solenoese.
draw upon MW itersts and epertse of sol. The Coner expecs to undertak long-term
endnt and enginers from many MIT depart- technology end poliy projets wah bot ne-
mente and lsboratdes. Remoh programs tional and intemadonal dimenWons.
we =rled in, for example, in X-ray and
planetary asronomy, secs plaa and grav- A Meeter of Science degree program in Tech-
t Zonal phyos, and MW ife sciencs. These nology d soiy wes Iiieddin1975 by Me
aOdmnenIal stiles usually inwoe exped- Sool of Engineedhg (em decripion under
ments carded by balloon, sounding rockes, T o and Policy In W chapter). This
ortn eteise, or deep sac polbes. The progrwim now become part of W eaching
silewee suppiemntea by componnt of MnewC for Technology,

... e . oibad. d Industrial Delont.

Graduate and undergraduate students inter-
ested in further informaton on MW Center may

n~ the Director, Profesor Daniel moos,
Building E40, MIT, Cambridge, Massachusetts
02130.

COnte for Trasriportation Studies
Transportatnon (S.M.)
The Or for Trasportation Studie was
established to promote Intedepamenntal co-
operation In innovaie research and to pro-
vide a focal point for educatonal programs In
transportation wih te institute. The Certer's
rearch involvs al mode of transportation,
both Pssnge Ad feight, In both the public
and private ectlors. It ranges from broad con-
ceptual panning to the specis of equipnent
deign and opan analys.

The Center prornotes interaction amnong fac-
ulty member from a Schools at MIT as well
as other universis and organiation con-
owned with ransporaon, g tat
MW solution to co"plex re
close tes between sibit
and their scilW, economic, ecologloal, and

Recent research procts include developmen
of algorithm and software foregi
ti" aN network ;deelopment of
riroad trak mn nance ndes; 1d plan.
ning for LTL trucks; aludies of the airline in-
dustry under ders'onm development of

wwe of inpr In ra-
rods, trvAldng, and development of
speifc sandards for highiry maintenance
and study of the performne of matals
ued in road consruton; studies of raiload
equipmnent and autoantion and how they
Might be hprvd; the econonis of ooean

trnSO -of ol; and guidelines for urban
- .The Center ale has been involved

In M project in Spain, and 0rai1
ding" wI .tailroads, and opl-

Adonm and has rontiy orn-
ped a ationl sudy on M future
of m o involving research teams
not * at MTbut alo at other univer es in
the oSates, t JO many,
France, Sden, and the Unite ndm.
Research iponso ncludes a of

nN an ra 0
IN nt rd Industriall oranizaonost.f

reftUg~5tdYnI wieopportwrillie for WONvcv
"WO Ovo"- researc ell I*d

Ik"6 4 me research aseletenthipe are
awade togrduae suint each year.
Underradute ale may in spon-

as11r.tIfsperiwi"a hIfdy OWi R Ovidh,
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Graduate programs leading to the masters
and doctoral degrees, as well as professional
training, are available through the departments
associated with the Centqr, Including Aeronau-
tics and Astronautics, Civil Engineering, Eco-
nomice, Mechanical Engineering, Ocean
Engineering, Political Science, Sloan School of
Management, and Urban Studies and Plan-
ning.

The Master of Sclence In Transportation, an
InterdisciplInary degree offered by graduate
departments In cooperation with the Center, Is
designed to prepare students either for ca-
reers in transportation or for additional
graduate work. The program is administered
by the Center. Students with a variety of back-
grounds such as engineering, social sciences,
management, architecture, urban studies, and
operations research are encouraged to partici-
pate In the program. Entering students should
have a basic knowledge of economics, calcu-
lus, and probability.

The degree requirements Include: 1) the satis-
factory completion of at least 72 units (typi-
cally 7-9 subjects), Including 18 units In core
subjects, 36 units In a program area, and 18
units of electives, and 2) the presentation of
an acceptable thesis. The specified core con-
sists of two subjects - Transportation Sys-
tems Analysis and Applied Microeconomics -
and establishes a common methodological
framework for analyzing a broad spectrum of
transportation problems.

The remainder of the program builds upon
specific program areas of professional Interest,
such as air, ocean, urban, or freight transpor-
tation; transportation systems analysis; and
transportation logistics and carrier manage-
ment.

Students admitted to the Master of Science In
Transportation are Invited to propose pro-
grams of work In a second field leading to a
second Master's degree. Some examples of
second areas Include engineering, operations
research, city planning, 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 com-
plete the subject requIrements for both de-
gres but may submit a joint thesis.

The Center for Transportation Studies at-
tempts to provide financial assistance, In the
form of fellowships and research and teaching
assistantehips, In fields where the Center Is
active.

Students Interested In coming to MIT for trans-
portation studies or In lWaming more about the
Centor and its programs should write to Pro-
fessor Joseph M. Sussman, Director, Center
for Transportation Studies, Room 1-123, MIT,
Cambridge, Massachusetts 02139. For each
admitted student an appropriate department of
registration will be selected based on the indi-
vdual's background and area of specialization.

Clinical Research Center

The MIT Clinical Research Center Is a small,
fully equipped and staffed research hospital on
campus that enables Interested scientists to
perform research with human subjects and al-
lows students at all levels to gain experience
with human subjects and human disease. Re-
search projects In progress are In the areas of
metabolism, psychiatry, neurology, and clinical
pharmacology. Most projects Involve oollabo-
ration between basic and clinical scientists.

The facilities of the Center are open to all de-
partments In the Institute, and its principal In-
vestigators are faculty members from many
different departments. Although most patients
hospitalized In the Clinical Research Center
come from the Boston area, many are referred
from other parts of the United States or from
abroad. 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 con-
tacting the Office of the Director, Dr. Richard
J. Wuritman, Room E17-445, MIT, Cambridge,
Massachusetts 02139, (617) 253-3091 or
3092.

Concourse Program for First-Year Studente

Freshmen who wish to have the ambiance of
a small school In their first-yew studies may
elect the Concourse Program. Concourse of-
fers the standard curriculum for freshman year
taught by MIT faculty In the sciences and hu-
manities. A group of about 80 students take
these courses and are encouraged to work to-
gether. Faculty and tutors are available to stu-
dents directly. The Program covers, and
provides credit for, the Institute Requirements
(f the first year.

Draper Laboratory

A number of research organizations In the
Boston-Cambridge area has close des with
MIT faculty members which may lead to op-
portunids for Interdepartmental research. In
particular, the Charles Stark Draper Labora-
tory maintains a relationship with the Institute
that permits students to engage In joint re-
search activities.

The Chades Stark Draper Laboratory (formerly
the Instrumentation Laboratory) separated
from MIT on July 1, 1973, to become an Inde-
pendent nonprofit research and educational
organization. Mechanisms exist to permit the
continuation of joint research activitIes and to
allow the Laboratory to continue its unique
contributions to the Institute's educational
program.

The professional field of Interest has tradition-
ally been the Instrumentation of practical prob-
lems In dynamic geometry, e.g., guidance and
control of aerospace and narlne vehicles. The
Laboratory is misalon-oiented. Probably the
most publicized achievement of the Laboratory
has been the Apolio guidance and control sys-
Iem. Draper Laboratory leadership In the US
space program is continuing with the Spae
Shuttle Program. In addition, the Laboratory
has been broadenI its areas of aOvities In
Instrumentation to o fields such as geo-
physical and oceanographic engineering.

The Laboratory experience In instrumentation
has resulted in new computer science avIM-
ties and software applications In industrial
automation, control for advanced energy sys-
tems, and specialized communcaton.

A number of MIT faculty members maintains &
close association with the Laboratory, and
thesis research opportunities exist which fulNI
the residency requirement for an MIT degree
In all phases of systems engineering, Including
basic theory, mathematoal analysis, computer
studies, component design and evaluaton
(mechanical, electrical, and optical), and sys-
tem synthess. Students are In direct daly as-
soclation ridt the profeselonal staff of
engineers and sclenists of the Laboratory,
and thus leam to appreciate the economic and
human, as well as the technical, aspects of a
system. Undergraduate and - sk-
dents also may be employed by the Labora-
tory and work directly on & project. These
opportunities provide an excelent technical in-
temship which greatly broadens the students'
educational experience.

wow
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CSDL, within waldng distance of the main
campus, Is located at 66 Tech Square, Cam-
bridge, Massachusetts 02139. Further infor-
maon may be obtained by contacting Dr.
David surke, (617) 266-g803, or insttute
extension 18242803.

Economlee and Urban Studies (Ph.D.)

A doctoral program is offered jointly by the
Departments of Economics and Urban Studies
and Planning at MIT. The Joint Program reo-
ognizes to Interrelationship between 1) the
anlyloal aspects of policy questions and re-
search opportuntleS in economIcs and 2) the
Institutional and policy orientation of urban
studies. it has been recognized that both re-
search and otive Intervention Into urban
problems benefit from the broadening of per.
spe-dves and Institutional sophistication and
the deepening of analytic penetration that a
coordinated exposure to the two diolplines of-
fore. This approach thus opens up a wider va-
riety of areer challenges than Is available to
speclaists of either field alone. Students desir-
ing to enter the Program must be admitted to
beth depatments and then explicitly to the
Joint Program. The Program Is administered
by a standing interdepartmental committee.
Purther information may be obtained from Pro-
fessor Jerome Rothenberg, Room E52-355,
MrT, Cambridge, Massachusetts 02139,
(617) 253-2674, or from Professor Wiliam C.
Wheaton, Room 10-403, 253-1723.

Energy Laboratory
Energy Study and Reearh

The Energy Laboratory was established In
1972 to provide a focus for strengthening and
broadening agy ctivities on campus, with
emphasis c rea to answer
energ questions or HWImt energy Isses.
Energy Laboratory reearch prom this yeaw
inOlv over 100 research staff, s0 facuity,
and Over 200 students from most of MIre ac-
ademic departments. Graduate an under-
graduate studentsae a intera part of the
intdislinay research teams woddng on
both fundamsnd and mIsWon-oriented pro-
Sols tht address both technical and socioeco-
nomio aspects of important energy issues.

The Energy Markets, Pricin, and Regulation
own ondumosreearch on the structure

regulAWO energy indusisS and
markets, and the Interaction between ergy

markts ad thmacmconmy. Current re-
seaah focuses on the stucm,
of the US electic utity and natural ges indu*-
0"s, income distribuion, produolvity, and

growtM ts of changing ener
pris; an energy use and conservation.
research directions include economic/financial
studies of primary resource firms and of large-
scale energy technology Investments.

The Center for Energy Poliy Research fo-
Ouses on policy reearch and analysis and on
maidng results avalable and useful to policy-
makers. With support from is Associates, a
wide range of US and international corporate
and noncorporale interest groups, the Center
holds conferences and seminars to bring to-
gether key government and private organiza-
tine to work on energy-related policy issues.
The work of the Center Is done by profes-
slonal staff members from the Energy Labora-
tory and facuity and students from several MIT
departments (particularly the Sloan School of
Management and the Department of Econom-
ice), and specilisets from the Center's Associ-
ates.

The Energy Engineering program focuses
upon research in the engineeing sciences
needed to enhance energy use In technical in-
dustries. Active research areas include ther-
mal plasma matedals processing, automated
weldin, engineering analysis and design

, and fracture mechanIosfracture con-
trol. The research aim is to bridge the gap be-
tween the science base and existng industrial
practice by providing methods, models, and
data that will allow for improvement In techni-
cal products and processes.

The Combustion Research FaOlUes program
emphasizes paralel modeling and expemen-
tal investaos of combustion processes of
gaseOUS, ,. and Wild fuels in both steady
and unsteady operation. A special feature of
the expeienta studse is that fundamental
flame data are obtained in arge-sale plot

het transfer proceem cloel simulate
Industrial practice.

Research In the High-Temperaturm Reactions
and Health Effects program concentrates on
the oxidaton and pyrolysi of fuels and on
Mohniques for controlling emissions from
t" processes. Studie of the formation of
mutagens in hydrocarbon combustion involve
a team efor among engineern, analytical-Ma nd biological sciences.

The Synthoo Fuels Center focuses on re-
search on conversion of prnary re-
sources to lquid and gaseous fuels. rgy
companies colopeat to support and ofe
guidance to t program. Current projects
cover a broad range of activities - inseengat-

Ing the comminution of energy minerals, die-
sociative adsorstin of sma molecules,
pyrolysie, sluny theology, gas desuluriation,
and refracting corrosion.

The Transportation Propulsion program con-
ducts research on both improving eiing-w
gines and developing new concptis.
are based in the Sloan Automotive Lotor
and include fundamenta and applied
relevant to internal combustion engines, work
on atnmative propulsion concepts, and polcy
and technology studies.

The Advanced Energy Materials program ex-
amines new and emerging technologies in
such areas as electrodes and electrolytes for
high-density battees and fuel cells, synthesis
of ceramic powders using laser heat sources,
rapid solidiiaton of molten ceramics, solar

ooing, amorphous photovoltalos, and
broadandreflootive coatings.

Research in the Environmental program seeks
to Identify and reduce the environmental Im-
pacts of energy-related facilities and involves
a diverse range of research projects, including
cooling systems for electric power plants,
water management Issues associated with
coal development, impacts of acid rain, and
local effects of air emissions.

The Electric Utility program serves to inform
participating companies about on MIT re-
search activites, to utly and ulity
needs and priodes, and to develop research
projects responsive to those needs. The mem-
ber organiations currently partilpaing in the
pogram include 16 utes; 10 other organize-
laneinvolved in supplying fuel, equipment, or
services to the industry; and one government
agency.

The Nuclear program has t following broad
obectives: 1) to provide direc technical conti-
butions to nuclear plant reblity and safety;

2) o ivetigtePossible improvemetsinn
S design for more efficient utilization

of nuclear fu resouros; and 3) to develop
and communicate information that will contrib-
ute to publio understanding of nuclear power.

The Energy-Eient ulidngand Systems
progra examines the behvio of eisting
builngs and components and seeks to de-
v ulop new technologies with bee energy ew~Cret prjcsinclude suiso h

and accumulation of moisture in struc
tures retroitted with insulatin, heat loss from

builing ounddlon, an ftvalue
andagng charstes of foam
insulation.
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The Center for Innovative Mining System Is a
joint program with Pennsylvania State Univer-
sity. it is directed toward coal mining and em-
phasizes the development of simplf e
systems suitable for remote control, thereby
removing miners from regions of high risk.

Further Information about the Energy Labora-
tory may be obtained by contacting the Head-
quarters Office, E40-486, MIT, Cambridge,
Massachusetts 02130 (617) 253-3400.

Undergraduael programs In energy study
end rOesrho are avalable in most depart-
ments at MIT, including all those In the School
of Engineering. These prepare students for
oareers in the energy fe that can be entered
imedistely upon graduation. Such programs
Include not only the baslo sciences but also
the applied solenes, such as fluid and solid
mechanics, heat, controls, chemical pro- *
oeses, economics, and materials. Specialized
subjects lead more directly towards careers,
as in exploration for and production of uranium
and fossi fuels; development of altemative en-
ergy souroes such as solar, wind, and geo-
thermal; petroleurm refining; manufacture of
synthetic fuels; <.ivenonal and nuclear gen-
eraton of electric power; snow conservation
in buidings, transportaton, manufacturing;
and energy policy. In addition, all undergradu-
ate engineering programs provide preparation
for graduate work In the ield of energy.

Many opportunities exist for undergraduates to
work on energy-related research projects of-
fared by the centers, laboretries, and aca-
demio departments. This remarch can be
done for thesis or other academio credit or for
pay under the Undergraduate Research Op-
portunites Program. Further Information, in-
cluding list of advisors, programs, subjects,
and research topics related to energy, is aval-
able through the Office of the Dean of Engi-
neering, Room 1-206, MIT, Cambridge,
Massachusetts 02139.

Graduate programs that prepare students for
careers In the e field are available In all
of the Schools at MIT. There are many oppor-
tunftes for students interested in all aspects of
energy sclence, engineering, management,
and poliy. Whe the Energy Laboratory pro-
vides a focus for energy resarch at the Inst-
tute, a great deal of energy-related work is
also under way in other centers and laborato-
ries, and in the academic departments.

Students interested in graduate work in the
energy feld should first gain admission to the
academio department whose program best
matches their background and Interests. An
individualzed program of advanced study and

research can be arranged by a balance of fun-
damental su and Interdisciplinary sub-
jects that with divere aspects of ergy
supply, utiftation, and poy, and by sel
of an appropriate thesis topic. Energy advisors
have been appointed In each department to
provide informaion on elective subjects, de-
gree programs, and reosarch opportunities. A
brochure containing further inforImation and
the Het of advisors is available from the Office
of the Dean of Engineering, Room 1-200, MIT,
Cambridge, Massachusette 02139.

Environmental Studis

Environmental studles for undergraduate and
graduate students are avalablethrough a
variety of departmental and Interdepartmental

eand laboraeies. Both the technical
thet poky aspects Of environmental stud-

lee are explored In subjects offered by the De-
partments of CMI Engineering, Mechanical
Engineering, Ocean Engineering, Chemical
Engineering, Earth, Atmospheric, and Plane-
tary Sciences, Urban Studies and Planning,
and the Program In Science, Technology, and
Society. The areas of environmental studies
avalable at MIT include air and water quality;
pollution control; water, ocean, and eneryre-
source management; public poliy and
ning for the environment; and the impacts of
technology on-he environment. In addIton,
many departments offer other educatonal and
research opportunities In specific areas of the
environment closely related- to their own disol-
pines.

Undergraduates whose Interests span more
than one discipline may arrange a coordinated
program of interdisciplinary environmental
study by entering one of the unspecifed de-
gree programs sponeored by many of the de-
partments. Undergraduate students who have
a disciplinary commitment but desire a coher-
ent minor program of environmental study may
do so through use of the unrestricted electives
available to them.

GraduaLe students may pursue environmen-
tel studies in various ways. Through its sev-
eral department, the School of Engineering
sponsors the degree of Environmental Engi-
neer. The Energy Laboratory supports re-
search on environmental issues which cross
academic departments and Schools. The Pro-
gram in Technology and Poliy promotes ca-
reers in the development and implementaton
of policies for the productive use and control
of technology. Major research with opportuni-
ties for graduate study in environmental poliy
and impact assessment is undertaken by the
Laboratory of Architecture and Planning and
the School of Archiecture and Planning.

There also are opportunities in the environ-
mental area under the auspices of the Joint
programs of MIT and the Woods Hole Ocean-

-grphW institution. (The above programs are
described In thie chapter and in Chapter Vii.)
Graduate students may lso anange special
programs with the help of their advisors in as-
peots of the environment which are closely re-
lated to their di ary interests, and they
may pursue rams lead-
ing to advned degrees under the auspice
of the Dean of the Graduate School, Se enl.
ronmental litngs under individual depart-
ments for more specific information.

information concming environmental educe-
tion and research actMtes at MIT is centered
in the Office of the Provost which works with
faculty members and O s centers and
laboratories. Further ,lNOts of de-
partmental advisors, and subjects offered on
environmental issues for both undergraduate
and graduate students are available throuh
the Offos of the Provost, Room 3-206, M ,
Cambridge, Massachusetts 02139.

60 (Experimental udy Group)

ESOG is open to freshman and sophWmores
interested in participatig In a mal, informal
academic program offers credit primarily
In core subjects through tutorials, seminars,
and independent study, The detalis of the pro-
gram can be found in Chapter III, Undergradu-
ate Education. information can be obtained
directly from ESG by contacti Professor J.
Kim Vandiver or Holly Sweet, 24412,
MIT, Cambridge, Massachusetts 02139,
(617) 283-7786.

Health Soleness end Teshnology

MIT's programs in health sciences and tech-
nology are organised within the Harvard-MIT
Division of Health Solences and Technology
(HST). The Womedi"al portion of
the HST program is descrin this chapter.
Additional Wormatpn about HST may be
found at the end of Chapter VI in this cata-
logue.

Hummnlello Studies Combiread with
or Solenoe (t,. Degree

r nCourse X, 0-,

MIT has programs for undergradu-
ate students who have an aotive interest in
the relatonship between humanistio and
solentcleschnialniknowledge. The irst (O)
is a dhoxI-degree arrangement leading to two

- '--'~-~-~>
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SB. degrees, one centered In the curricula of
the Department of Humanities and the Pro-
gram in Science, Technology, and Society
(STS); the other in one of the degree pro-
grams In the School of Science or the School
of Engineeing. The second (XXI-E, XXI-8) Is
a Jont-degree major which bings together
components of humanitee/STS and enginew-
Ing/science within the dimensions of a single
S.8. program.

Both of these plans require substantial knowl-
edge In each of the two chosen areas, and
both are grounded In a rigorous system of
seminars and other subjects expressly de-
signed to relate scientific loaming and tachno-
logical choice to social and cultural Issues.

More detailed descriptions of these programs,
Including outilned degree requirements, are In-
ciuded in the Department of Humanities and
STS descriptions In Chapter Vil of this cats-
logue.

Further information may be obtained from Pro-
fessor Travis Merritt of the Course XXI Office,
Room 14N-407, MIT, Cambridge, Massachu-
setts 02139, (617) 253-4447; or Professor
Peter Buck of the Program In Science, Tech-
nology, and Society, Room E51-128, 253-
4043.

Integrated Otudlee Program

The Integrated Studies Program offers a group
of about 60 freshmen an opportunity to fulfill
their first-year General Insttute Requirements
as a coordinated educational experience.
While physics, chemistry, mathematics, and
the humanities are taught s separate aca-
demio disciplines, care Is taken to bring out
their Interrelationships and Interactions at
seminars and through synthesis-odented as-
signments. The Program Is described In
greater detal In Chapter III of this catalogue.

Interdisciplinary Programs In Humanities

The School of Humanities and Social Science
offers a number of subjects and programs of
an Interdisciplinary nature for undergradu-
ates. Descoptions of the various interdlel-
plinary programs can be found under the
School of Humanities and Social Science In
Chapter VII of this catalogue.

International Food and Nutrition Program

The international Food and Nutrition Program
(IFNP), jointly established by the Department
of Applied Biological Sciences and the Center
for International Studies, provides an interdis-
ciplinary focus for postdootoral students
Interested In nutrition field studios, policy anal-
ya, and evaluation of appropriate nutrition in-
terventions. The Departments of Economics,
Political Science, Urban Studies and Planning,
and the Anthropology and Archaeology Sec-
tion of the Department of Humanities also par-
ticipate. Graduate students are sometimes
accepted but must enter through and fulfill all
degree requIrements of their respective de-
portments. IFNP is affiliated with the Office of
International Health of the Harvard School of
Public Health. Courses at MIT and Harvard
are available to full-time students at either
institution.

Representative areas in which IFNP works In-
ciude the following: a) monitoring the nutd
tional status of populations, including
assessing malnutrition among vulnerable pop-
ulation groups; b) determination of nutdrt
program benefits; ) Interactions among such
factors as nutrition, maternal-child health, in-
faction, socioeconomic and cultural character-
istics, agriculture policy, and sanitation and
other public health problems; d) the effects of
Income and price changes and of subsidized
consumption programs on the nutritional In-
take of vulnerable populations; 9) food and ag-
riculture policies of food-exporting nations as
these relate to international food needs;
f) International food date systems.

Further information may be obtained from Pro-
fessor Nevin S. Sorimshaw, Director of the
IFNP, Room E38-756, MIT, Cambridge, Maw-
sachusetts 02139, (617) 253-5101.

Laboratory for Computer Solence

The Laboratory for Computer Science is an In-
tordepartmental laboratory whose principal
goal Is research In computer science and on-
gineeing. The Laboratory includes IS re-
search groups, currently staffed by
approximately 300 faculty, students, and staff
members. The academic members of the Lab-
oratory are from the Departments of Electrical
Engineering and Computer Science, Humani-
ties, Mathematics, Architecture, and the Sloan
School of Management.

The Laboratory for Computer Science was es-
tabiahed in 1983 for the advancement of time.
shared computer systems. it developed the
Compatible TIme-Sharing System (CTSS), one
of the first time-shared systems In the worid,
based on pioneering work at what was then
the MIT Computation Center. Subsequently,
the Laboratory developed Muitics, an Im-
proved system that Introduced several new
concepts In time-shadng. These two major de-
velopments stimulated research activities In
the application of on-Ine computing to such
diverse filde as engineering, architecture,
mathematics, biology, medicine, Ubrary so-
enos, an management. In the 170e, high-
ligtsof the Laboratory work were

YMA, a a-egabyte program with
knowledge in symboli mathematics; the data-
flow concept, which Is Important for hamess-
Ing thousands of processors to work on a
common tak; the use of computers In cinical
decision making; and pubic cryptography al-
godthms aimed at ring prvacy in
distributed/networked computer systems. The
Laboratory Is now engaged in a broad front of

I

aIitepartmlentl ftup and R rh



I
I90interdsoartmsntal Study and Rmaroh

research actviles that span four principal
areas: 1) Kowledge4ased Systems;
2) Machines, Languages, and Systems;
3) Theory; and 4) Computers and People.

The Laboratory for Computer Science losters
participation In research undergraduatse
and graduate students. assistant-
ships are available to graduate students for
work in an aspects of research program,
and undergraduates may work at the Labora-
tory under UROP. Faclities are provided for
theels research and special projects to both
graduate and undergraduate students.

Further Information may be obtained by con-
tacting John J. Hynes, Room NE43-101, MIT,
Cambidge, Massachusetts 02139,
(617) 253-2006.

Laboratory for Eleotromagnet and
Elotron01 Syste ,
The Laboratory for Electromagnetic and Eleo-
tronio Systems (LEES) is a coalition of 17 fac-
ulty and 10 research staff from the
Departments of Electrical Engineerli and
Computer Soience and Mechanical ngineer-
ing. Disciplines represented Include power
electronios, automat control, electromechan-
ice, continuum mechanics, heat and mass
transfer, insulation research, quanitative phys-
iology, oel biology, and economics. Support
from other Institute and area laboratories fre-
quenty provides opportunities at LEES for In-
terdlok"linary research.

Research in power electronics centers on the
MIT-developed Party Simulator, which,
through te MIT/Indutry Power Electronics
Co~llegum, Is a focus for industry research In
cc design, analysis of power electronic de-
visK ands ms analyses. In cooperaon
withe VILaboratory, several current proj-
eas exploit VLSI Wlee, while others
contribute to the control of electrical
machines and the modeling of power systems.
Other activiie relaing to automati control,
with he Laboratory for information and Deci-
elon Systems, center on various forms of ma-
hines that integrate electromechanics with

digital and power elecotrnics. The resulting
machines have appicaons ranging from
washing machines to robotns. LEES members
are currently omping 10MVA supercon-
ducting altermator Cogenlos Labora-
tWy, whI le aor ewop forwerd in the
development of rae-lgeneradon equip-
ment, as *e s a for ;basic
issue concerned with the electrical -
manos of new classes of materials under con-
ddions of sImultaneous eleotrical, mechanioal,
and thermal sbes

it Is the electrical behavior of gases, liquids,
and solids - espeilly combina-ons of these
- that Is the subject of high-votW research
at LE8. With the objebtive of ing
microdischarges In cases and soids and the
evolution of chag Iquid disleobios,

leobooptial adigital techniques are being
used to shorten the time scale and Increse
the sensitivity and the spatial resolution with
which phenomena can be observed. Apploe-
dons Include pulsed power energy storage,
power generaton, processing and transmis-n
sion apparatus, and the development of new
materls for capacitors. In one current Inter-
discipinary project with the Materials Slence
Center and the Energy Laboratory, microdis-
charges, electromechanloally Induced vibra-
tions, mlcro-dielectropectrometry, and
chemical sensing are combined to discern
trends In the operation of transformers and to
predict their future performance.

These and other actvities Involve the dlsoi-
pline of continuum electromechanlos. Electrifi-
caton phenomena associated with
eleotoldnetc processes In liquid dielectrics -
used to both insulate and cool transformers
and switch-gear - are In this category, as Is
work on electrostatic paint spraying and the
development of AC electrostado preolpitators
for coping with hlthly insulated combustion
products that result from burning western
coals.

With the Children's Hospital, work Is being
carried out on the continuum slectromechanics
of cartilage. Clinical motivation for work on tis-
sue survival and regrowth under electric stress
comes from the treatment of electrical shock
victims, while work on electrically controlled
transport through polyelsotrolyte membranes
is aimed at drug deivery systems. The study
of the effects environmental electi and

fields on biological systems, spe-
In electric power systems, is the focus of

research In this area. The electron beam and
other high-voltage radiation filiiNes have a
lon tradition of medical appications. Thes

continue to be a resouros in promot-
Ing physical and chemical processes.

Another interdisciplinary so&-,- within LEES Is
concerned with energy systems analysis. On-
going research projects include the develop-
ment of new "real-time" or spot-priced-based
elotdo utility tarf structures as well as the
development of the algorithms and hardware
required by customers to respond to these
new tariffs. Additional work Is also under way
to denlne rated nargy systems that have
greater ol efficiency and are environmen-
taly less harmful.

All prorams within the Laboratory are carried
out wthe assistance of both undergradu-
ste and graduate studente under the-super-
vision of faculty members.

Further information may be obtained by oon-
tacting the Office of the Director, Professor
James R. Melcher, Room 10-172, MIT, Cam-
bridge, Massachusetts 02139, (617) 253-4631.

Laoaoyfor informaton and
Decision yW

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 scientis, and graduate students
principally from the Departments of Electrical
Engineering and Computer Science, Mechani-
cal Engineering, nd Ocean Engineering. Re-
search falls Into three main areas:

1) Research in Communication Science and
Systems ranges from studies of the underlying
Information theorest properties of networks
and point-to-point systems to archhestural de-
sign. A major resarch program In this area
deals with reliable, efficient communication in
data networks. Some of the topls in this pro-
gram are rouing, flow control, the communica-
tion complexity of distibuted algorithms,
contention resolution in broadcast networks,
protools, faliure recovery, and topological
design. A research program on fundamental
aspects of local-area communioation networks
with optical fiber links has been inlated.

2) Research in Systems and Control Scoenoe
ranges from fundamental studies in detemin-
isto and stochasti t , multivertable and
adapive control, estimation and sta-
tsdol signal processing, and large-scale and
distributed systems to applioation areas such
as command and control systems and opera-
tion and control of complex manufatrn pro-
ceases. In addition, development of a
and special computer structures for estimation,

gnal processing, computer vision, and con-
trol systems are intral parts of this research.

3) Reesarch in Computer and Information Sye-
teme Is concerned with basic problems in the
use of computers in complex Information
transfer and retrieval . One study in-
volves expert int i systems to assist
end-uw acceste t o databaes.
A second project deals analysal and
expedimental investigations of electronic
document-delvery networks applicable to in-
teribrary resource sharing.
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Reeearch opportunItIes are avaIlable In the

Lesearch are avallable In the
L orboth o a do and grad-

us wf .Urg may pro-
pate through UROP.

Further information may be obtained by con-
tooling the Office of the Director, Professor
S. K. ilter, Room 3-304, MIT, Cambridge,
Massachusetts 02130, (617) 253-2160, or the
Associate Director, Professor R. G. Gallager,
Room 35-206, 258.2533.

for Manufacturing and

The Laboratory for Manufacturing and Produc-
tvty Is an Interdibclplnary center for education
and research In manufacturing and productv-
Ity at MIT. The goal of the Laboratory is the
advancement of manufactudng science and
technology.

The Laboratory educates scientists and eng
ners in the analysis and theis of prod-
ucts, irccessee, and manufacturing ems.
Fundamental reeearch conducted in Labo-
ratory leads to Innovation In manufacturing
process technology and better understanding
of planning, design, and production opera-
ions. The Laboratory seek to establish a ra-
tional foundation for manufacturing Increase
based on a systematic understanding of the
complex Interactions among the many eas
of manufacturing Includn design, processing,
assemby lhaps nd quality control. The
Impact of the new manufacturing technology
on society Is also addressed.

The Laboratory draws upon faculty and staff In
the Departments of Mechanical Engineering,
Electrical Engineering and Computer Science,
Chemica Engoneern, Materfsle Science and
Engineering, and oea Enering, as well
as the Sloan School of Management. Impor-
tent perspectives are contributed by the repre-
sentatves of Industrial firms associated with
the Labora&oys cooperative research
program.,

Current research program Include flexible au-
tomation and robotics, polymer processing, tut-
bology, manufactuing quality, intelligent
manufacturing systems, and manufacturing

,ciennn.

in addition to reesearch projects sponsored by
individual orgaao, a large proportion of
the Laborato work Is supported by several
consois of Industrial firm. Among these are
the MIT-industry Polymer Proe. n Program
W4d the Teiblog Research Program.

Opportunities for undegraduate and gradu-
ate students are available for thesis research
and UROP projects. A limited number of post-
doctoral research positions are also avaliable.

Additional information may be obtained from
the Director, Professor David E. Hardt, Room
36-238, MIT, Cambrdge, Massachusetts
02139, (617) 263-2234.

Laboratory for Nuclear Solence
Bates Linear Accelerator Center

The Laboratory for Nuclear Science per-
forms basic research in nuclear and elemen-
tary particle physics. It supports research
Interests of faculty in the Department of Phys-
los by maintaining and administering facilities
adapted to etudes In high-energy and nuclear
physics. The Laboratory operates the Bates
Linear Accelerator Center, the Center for
Theoretical Physcs, and a computer facility
available to staff and students.

As part of the nuclear physics program, mam-
bars of the Laboratory are engage in exprti-
ments at the Bates Uinear Accelerator, the
Brookhaven Ta -AGS Accelerator, an
the Los Alamos Meson Physics Facility. The
high-energy physics program Involves experi-
ments at the CERN In Gaenv, Switzerland,
the Fermi National Accelerator Laboratory, the
Stanford inear Accelerator, and at the Gran
Sasso Laboratory In Italy. Also, several small
groups within the Laboratory aerqge In
the application of nuclear and particle physics
instrumentation to medicl and biological
problems.

Among many projects are theoretical studles
of nuclei and elementary particles; expermen-
tel programs using a variety of detector tech-
niques to study strong, electromagnet, and
weak Interactions of elementary partcles and
other high-energy phenomena; application of
highspeed lectronc computer techniques to
the probe of nuclear and elementary partI-
cle data analysis; nuclear studies using heavy-
Ion acclerators; and program In medum
onergy nuclear research with electrons, pho-
tons, protons, and plons.

Students participate In the entire rang of re-
search programs in fulfilling their graduate
and undergraduate degree requirements or
as participants in UROP.

Further Information may be obtained from
the Office of the Director, Professor Arthur
Kerman, Room 20-65, MIT, Cambridge, Mas-
sachuset 0213%, (617) 253230.

The William H. Bats .neer Electron Accel-
erator Canter, funded the US Department
of Energy for use by MIT research staff (prn-
cipally in the Laboratory for Nuclear Science
and the Department of Physics), is available
for use through a formal users' organization to
eligible researchers in the New England area
and nationwide.

The Laboratory supports a broad program of
research in electromagnetic interactions with
nuclei. Facilities are available for high proci-
siondhigh resolution electron scattering and
photoreactions Including pion production. The
maximum electron energy available is 780
MeV: a further Increase to about I GeV Is an-
ticipated at the enid of 19O6. A polarized elec-
tron source is under development which will
make possible studios of parity violation In
electron scattering and spin effects in nuclear
reactions. Plans are being developed to in-
crease the duty factor to nearly 100 percent.

The research participation of physics students,
as u raduate laboratory assistants work-
Ing on U OP projects and through graduate
thesis work, Is encouraged and forms an im-
portant part of the Sates program. A large
number of students, from the universIties of
uw physicist as well as from MIT, are so In-
volved. Further Information may be obtained
from the Director, Professor E. J. Moniz,
Room 0-308A, MIT, Cambridge, Massachu-
setts 02139, (617) 258.6202.

L aboratory of Architecture and Planning

The Laboratory of Architecture and PlannIng
(LAP), part of the School of Architecture and
Planning, fosters research contributing to the
understanding, education, and practice of ar-
chitcture, planning, real estate development,
and closely related fields.

Projects currently administered by the Labora-
tory focu on: enrg conservation and appro-
prfte technoogy; development of techniques
for assessing the environmental Impacts of
development and for mediating disputes con-
coming. such developments; solar architecture;
neighborhood and community development;
use of media as a tool for public participation
In community planning; and innovative ap-
proaches to communicating research findings
to the public. The LAPs primary area of de-
velopment Is building technology.

The LAP provides a range of continuing du-
caton opportunities for the architectural and
planning professions. The Laboratory also pro-
motes the Interaio of research Into the edu-
cati onanvirornent of the School and the
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instiute through the sponsorship of leoures,
seminres, and conferences; publcaton sup-
port; and a program of archiecture case

The Laboratory involves a wide variety of pso-
pie and institutions both ineids and outside
MIT, including faculty and students from MIT
departments and centers, as well as from
othr educational insdutins: the alumni of the
School of Archiecture and Planning; archItec-
tural and planning pracultinrs; and cnom
groups such as frm, pubio agencies, and
communiy organiatns. LAP research in.
volves graduate and undergraduate stu.i
dents from several MIT departments, throug
research saentshp and UROP.

Further Information may be obtained from the
Office of the Director, MIchael Joraff, Room
4-200, MIT, Cambridge, Massachusetts
02130, (617) 253-150.

Lawoslted Studies

Undergradus and graduate students inter.-
ested in the legal or public policy aspects of
thisr field, the legal professlon, or our legal
structure and proceesse as a part of a general
educaton may do so through a wide range of
undergraduate or graduate subjects, resarch
projcts, seminars, and fildwork opportuni-

es. Among the over 30 law-oentered subjects
In 10 departmsnte are syllabi covering the

eal structura Jthe pji process,
history, andlegal aspects of

planning management, environmental affairs,
0-a resources, construoon, transportaton,
Industrial saety, computer solence, and tech-
nology.

In some areas, work Is undertaken colabora.
tiely with law schools in the area. In addition
to Several lawyers on the teaching stafs of
fIv diffrent departments, ther ae lawyers
on the administrative staff with expedonce in a
variety of felds which tey are willing to share
wih student.

In reen ,I a substantial number of MIT
from needy every department

have gone on to law school. The technlcAlly
oreonted undergraduate training serves stu-
dents well in law echool and in future practice.
Field research and work oppodunites ofer
other means for teng an interest In the law.

The Ofis of Career Servics and Preprfes-
elonal Advising, Room 12-170, (617) 253.

4737, and members of te Pre-Law Advisory
Counca provide guIdance and informaton for

students intersed in going to law school. The
Chairman of the Council Is Professor J. D.
N hI. AN sludents Intorsled in a Ca-
rew ould pOns or come by the Xfor in-
formaton regarding law-related studies at MIT.

nsn Laboratory

The Lincoin Laboratory Is a Federally apon-
eored center for research and development in
advanced electronios, with ecial emphasis
on appicatons to national defene. The Labo-
reto I stened and operated by MIT and o-
osted In Lesdngton, Massachusetts.

Lincoln Laboratory a&*ies etend from fun-
damental Investgadons i scIenOc, through
technologlcal development of deices and
components, to the deegn and development
of complex systems. A contnuing program of
research in advanced electronics tchniqus

a background of experience and
or work in specifoi programs, as well as

a source of new solenti and technologloal
advances for olan and miltary applicotin.

Sp-olc programs include *atelba comnwi-
cetone, reentry studies and tec logy, c
puler sysemns and digital ignal poen,

proae ssing ,pac sussI air
tfcontrol. Research aloa is conducted In
the fields of optics sol.d-sats devices, radar
systems, and machine intilgence.

Ownunmo for researh in many of these
are available to MIT faculty

members and qualiied undergraduate and
graduate students. inquIries may be direoled
to Or. Melvin A. Herlin, Asslstant to the Direc-
tor, LIN A-103, (617) 583-6100, extension
7024, or Institue extension 181-7024.

M-ngement of Technology Program (,M.)

The Management of Technology P Is a
12-month master degree rm
only in June of each yeer, c Po
slonals wh-a minimum of five years work ex-
poden'Ce. OWOWr0d by th School Of
Enginwedng and SOw&ho of Manage-
ment, the program focuem on management
prinoples for indhduals whose careers Me-
que increasing managerial resonsbilty on
the technical aide of the orgalnion.

The rigorous, 12-month curriculum, developed
and t Wught by faculty from both Schoo leads
toa Master of Sclence in the Management of
Tehtnoly and coeishre elm ents:

1 n mng ent ofsub techts in marngm
p06ci0e and ona*"i methods, 2) hi-ept

s ade n mnamen To f tchInlOs prgram

and organizations, and 3) a theel relating to
the management oand
OrganlzaIons. Part*c"adipgs wi
dude t Sloan Schoo of Management and
all sight departments In the Gcoolof Eng.
neerin.

ApplIcaon u materis available only though
th office and Is due back in tiat of-
flie 1. Requirements for admis-
sion Include fiv years of technicOa work
experience and an undergraduate technical
degree. In addigon, al appicants must take
the GMAT and al foreign applicants must sUb-
mIt scorse from the TOEFL

AppIcaton material and complete informaton
on Psmobjeolives and the curriculum are
aelae fron #0e W Offlos, Romn E52-
125, MIT, Cambridge, Msachusetts 02180,
(617) 253-733.

Materials Prsen Center

The Materials Processing Center provides an
interdicipinary focus on te prcessing and
perfomanc of materal. Te Ceer sr es
the control of th Internal structur of maedals
durng pronesng, frn the mamcsooplo to
the aonlo level, to control matlas pedor-
mance. The Center promotes tpooees -Isch-
nklues that are econominal, energy
and solaccept .

Dediated to the development and expansion
of 4e fundamental scientif and technological
base of materials proossing, the Center pur-
sues a three-pronged approach with inlerdlecl-
pinay research, educaton, and advisory
programs.

To solve cdiicl, basic processing problems,
the Center coordinaels uy expei and
faclties from a number of d n, prinol-
pally Matrialds Sience and , Me-

alhMnlko40
and , and gie02ervi Compu eSie and Chinco nallgIneedingente research concentrates on all
engineering materials, including metalloc, o-
mdo polymedt, end eleobnic mrisle.

Center educational programs striv to anttr
outstanding students to the study of materials

procesng. Te Cewr fs s ummer
chr sto undergraduate student. it
awarbs llowhi 1 11to outsanding
irst-year g u e anduppOrt

othrs hresa promsfunded by
and r tou te Cer. Tte

alsoonndung education
pro.o Itod professional engineers
and ecWnta" to reen technological nftma-
lion.
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The center has "rong inks with both industry
and gemment. Through the Coil-

glnm, It Prowl a fru for n~ repre-
eentaives to dismuss eir neads and

h reesarohms in Ve university.
and sympoe, Vie Center

dislbuee knowlee and inormaton on inno-
vaive and recent iand hnolou

developments. It also sponsors the appont
mente of industry and govenment personnel

as vislng u, adjunct faculty, and poet.
doctoral reahr.
For further informadon, contact Professor R.
M. L.atanlion, Drector, at (617) 253-407,
Room 8-g02, or Dr. G. B. Kenney, Assistant
Dkeolor, 2534244, Room 12-007, MIT, Cam-
brIdge, Massachusets 02130.

Media Arts and Solences

Media Arts and Solenoes Is an academic pro-
gram for g8,. . .dent and is aled

with Ume inedlolpliny laboratory known a
the Media Lab. The program cmpisee 10
previously "ePam*t group thtnw reside in
toe Wne lulin, newl onstructed for
tis purpose. The .D. in Media Art and
Solencs inciudes concentratins in oplismol-
opy and teng, eleotlronlo medie and com-
puter music A desriion of Ve M.S. program

an be fnn under Vie School of Archiecture
and Planning in Chapter VII.

n Isreto of View commIcins bend atoe

unique stength in Me arm of scoenoe and
technology to offer a cours of study distinct
from a conventional "aresa ludies" approach
to the Middle East.

The Program Is based on the partilpaton of
faculty from the Department of Poidial Sci-
enos, Civil Enginering, Economics, and Ue.
ban Studies and Planning; the History Soodon
of the Department of Humanlties; the Sloan
School of Management; the Program in So-
ence, Technology, and Society; and Vie Age
Khan rUDIn elfAmio Art and Archteoture.

Pudhr I iIs avalable from Professor
Nazi Chcucri, Department of Poiti Soience,
Room EN3-403, MIT, Cambridge, Maseachu-
sene, (617) 2531698.

Mining and Mineral Resources
Resarh insttle
Mineal eeEngemei eu and

Maaemen (.M., Eng., Ph.0D

The Minig ad Mine al Resurne r-
seach nsttut (MMI)was founded to

support and aid In Vie coodintio of Vie wide
vaet of academic aciiies and r h

-mrelatd to mineral reues. in par-

for grsuat =tdeI and ca4e attnton to
efor ces In neral resour

enginerin a manwne. The dire sup-
port Of doe MMII ome from Mie US
Departmn of Vie inteor include fundin for
a ilmd nmber of eliwahip and acholar-
i psI arid for som reserch atviie.

The Minera esures -and
Management (SM, Eng.,P1.D.)prja
providee formal educational poruiesto
gradu etudnnts wih In ie mn-

e Presources feld. The academicsut
and research available throughout
make it poesible to ofer programs in several
areas of conentreton, leading to a vaery of
careers in te mineral resources feld. Studies
in the MREM program can lead to the Engi-
neer, Ph.D., or Master of Science corespond-
ing to the department of registation.

The MREM program consists of four sub-
programs: 1) The exploragon subpan ex-
poses students to the geological, ,
and declsion thoreicl aspeols of explore-
ion. 2) The extaton subprogram provdee a
background for d of surface or under-
ground mines, e and development of
mining macnry, management of lar p-
aoft, and resout of envirnmenl o
lame. 3) The pr esingd

s 's phywsd eduosins
and leads to Me aalysis and deelen of Indus-
trial Mdigtir managerial and
enviroet aset. 4) The reecurce man-
agemnt - subrora encmase a Wide

w - yee -ni en, eOM ics,
anpubko poioy - a won as problem of

suitettuton ant of relatd resources (water
energy). Studen em In Me resource
f management su og, won be ple o

engineering, maaeet rPublic Poawc.
promde an MREM genral overvew, aie

at sxtut desirin a broader educaion.
te $*eces; on #ht Is xressed 111heby eDepamet ol NgiN; Me- For Ohe Mastr of SOlence degree, a student

pubnthon en-dtcreativem uese ofunmodonmenda Pay ares of pcatin chkwo dnineer; Meatry SOme and dewn tae at Ne 7n peet of ha lIeucton me ltrncpbshne. ge t. ofopercn *ad m&t units from one of Me eubPWo
MdydSce nc Prcgrn W com WN and e rema dt from oneof:80:= oh r Mar . Engineer OWi Ph.D.etade Eand atMiel art sn1r th eme On enat e oinvlvd, as1 Is e Oneo abiraory. Scen of Visir oredt woht in one of esuporm

.o,.nW yoOWs"--N flen. n., eo aweM-- mo "* mxW i~

poes le to nable anddets wO thneireraininngedrMdnite-nOtsn Ero, an

l~mm _~w-""Vad le s" two of one oher subprogreni Reeeerc
the Mie East t dm at MIT Is an Wter In'icaN Wred InWru- prdj ft for P reeo work ae condusi-d

in.h.,ou a.nosableo..ne= aan a,.me our

n~

m m oThis ogrAapm n MITr ga E o , stud ingd Megrel Odnc e ads
oa, (ev7)pmt ad l tn an Magpea lotseleudes wmiten a (deews b-1) sol 0;'~ ar

ov ftulsopomlocg, techn* ologiesi am-OII -pm~~ot and on deawmna adisW antif specialqmwwng er,=.opmt poliia dhevelo inttoni de p 406o py a ~~edfo dut de in te dfetmn best Sii
slud. arid ar Iube s sldoe"ve loenWO VIU- IOfice o an e Ott fto F Oteasc Jonf. EM e. oter re Students wE* fa emdt I n

Mirgon. his progdra s onRoom 4-1311, MIT, Cambride,. Massacustt we doom in Vil deparment
010, (017) 2510M.
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A prospeotus containing detailed Information
on the MREM program, including heung of
academic subjects In each of the sub-
prams, poseible research areas, and the

MAN fauty contacts In each of the pW-
paling departments, may be obtained ftr
Professor Herbert H. Einstein, Room 1-330,
MIT, Cambridge, Masseachustts 02139,
(617) 263436g6.

MIT-apen Soainse and Technology
Program

The MIT-Japan Science and Technology Pro-
gram was created in 1061 to estabsh MIT e
a leader in the education of American solen-
tists and engineers about Japan. An associ-
sted goal is to felitate colaborative research
among Japanese and American scholars. B0th
alms are aoomplished through the develop-
ment of three areas of integrated aanMvses -
eduostion, research, and public service - In
the US as well as In Japan. The Program Is
administered by the Center for international
Studies at MIT and is open to any undergrad-
uste and graduate student. Students usualy
enroll in the program after completing their de-
gree requiremente, but can enter at any time.

The Program provides internhips to solence
and nges students who have acquired
Japanese language c=paN and a Oultural
understang of the country. A student is sent
to Japan only after the equivalent of
two-years training in the language
through oredit or noncredit y. Studente
must also aucosefuly complete additional
coures in Japanese science, society, sco-
nomicse politics, and history. The Program
trains and superves the placement of eight
to ten students each year. Some of the private
firms that have hosted these intems are
Toshiba, NIppon Electric Company (NEC),
Mataushus, and Hitch. O Intems have

1died at the Faculty Of Engneeng at Tokyo
and Kyoto Universities, as we48a at nationsl
laboratories.

Joint research eforts at MIT under the aus-
ploes of the Program include an exchange
program, funded by the Japanese govem-
ment, for interatonal po0% y sudies in
the Energy 11 bora1ory and for intrnma-
tional Studiea. The Sloan School of Manag-
met, the Energy Laboratory, the Larory
for APcheure and P g, and the Sitter

N100nal041 Laoratory partcpat in var-
prlc ith apae scholars

and practitioners. in addiion, Pr -has
supported resarch in Japanse for
PrOject Athena and a study of the manage-
ment of research and development in Japa-
nes ou IM.

In the public service area, the Program spon-
sors several workshope and symposia In Its
effort to keep American government and in-
dustry abreast of Japanese scientific and tech-
nical developmente.

Further infornation may be obtained from Ms.
Patricia Gerlk In the Office of the Director,
Room E63-447, MIT, Cambridge, Maesachu-
sette 02130, (617) 25334142 or 2449.

Nucler Rst Laboratory

The Nuclear Reactor Laboratory (NRL) pro-
vides the focus for a wide range of research
programs that Involve the use of nuclear ra-
diations. Research programs in vadous MIT
departments and centers Including Physics;
Materials Science and E ring; Earth, At-
mospherio, and Planetary Sciences; Chemical
Engineerng; Mechanical E ring; Nuclear
Engineerng; and Appledicalogen
are supported by the capabilities1in the NRL.
Faciities of the Reactor Laboratory
are also used for teaching and research actvi-
tis by other institutions. The NAL provides
special services to regional hospitais and in-
dustries, e.g., short-Ilved Isotopes for medical
purposes,.

Current areas of research include applicaons
of nuclear trace analysis to problems in the
physical and engineedng slenoee, life ao-
enOes, gecolences, and the environment;
neutron and nuclear physics; neutron satter-
ing studes of solide, liquids, and dense gases;
radiation efects on materials; bulk and near
surface radiation damage studies of nuclear
and fusion reactor materials; reactor physics
and rescor engineerng; nuclear medicine;
and isotope development.

The NRL operates a Rion wat research
reactor (MITR-Il, which is one of the largset
university reactors. Recntredso n and re
building of MflR4 hdeslgllatyehne
the neutron n - Intelty and the

Expermental facOlies and instrumentation at
the NRL include neutbon fracn ; 2-
and 3-ads, poladaed beams; fisra;
neuron inelasticasdng ectromets a
neuon interferometer; mV and cry-

Ssample onrol; variety of sam-
iradladocn facliise with fast end slow

neutron fues up 10 10" per Om and eso; a
tenerature-contolled In-pie faclity which al-
Iowa almultandous neutron and lon bombArd-
ment; and a fast reactor blanket folity.

Other experimental faelities and instrumenta-
tion Include a thermal column with large hohl-
raun; radiochemistry laborateore; hot ce*% for
dismaning or teing; nuclear detection aquip-
ment; traos analys faclites; a materals
characterization laboratory; and ohlelded hot
calls for handling and testing radioactive ma-
terial.

Unldelgraduate studente are involved in the
operaton of the reactor and in the research
soativies through special pr*oct or senior
thesis. Graduate student thesis research Is
carred on in the varous research areas men-
tioned earier.

A curent summary report is available and de-
scribes the activities at the NRL in greater de-
tail. For Information, inquire at the Office of the
Director, Professor Otto K. Harting, Room
NW12-206, MIT, Cambridge, Massachusetts
02139, (617) 263-4201 or 283-4802.

O ga i ii11land Gosenegrsphlo
Engineuring (lu., Ph.D., So.D.)

MIT and the Woods Hole Oceanographic Insti-
tudon (WHOI) on Cape Cod offer joint pro.
grams of graduale study and research for
students with speclal interests In biologial
oceanography, -hemical anography, me.
rire madne geology, maie

engineerIng and
.These graduate pro-

are acommittees drawn
the faculty and saff oboth inetlutie.

Students accepted to the Joint Program have
acoses to the extinelve intllecual and phys-
aial resources aveable for advanced study at
both WHOI and MIT. The program le de-
scibed In detal at the end of Chapter VII.

Opratons Research Cnt
Op-ra-ene-ea----hS.M., Ph.D.)

The Oprae "$@INren Da etr (ORC)
I- edso0 n d reerc pPOXtNlte

for studet and faulty inttrested
dis aryfeld Of oaneserch
OOeraion reserch Is concerned wit on-

oslalsngad inpa ~gmathematical
madsm for a N and arn

te. Generally ep ,es a no"i4"
modele ta are ii to provide decision
metrs with bow 1sgs into their decasion
problems and to as"ist them in saleoing the
mos eei coures of action.

V.
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The OpONe Reeearch Center organied
- an inWrWprene center, airuolutd to

take advantage of the SOWNoffaouny
drawn from a ofincluding
te Slan School MangemenM oseoloal
Engineering a n Selence, AMrnau-
ticse and Astonaues, Mathemains, CI En

go0ean rUban SW Ies
and and . The Center Is

*opposed oopray af ated fac.
ulty and 40 graduat hudant. ot amas-
tees and a doorDdegree program ae
offered, An lmporn feature oftheepro
grame I ther Interdleosnay etruoture. In ed-
dllon to folowing a et of core coures,
students are encouraged to deelgn a ourrdou-
lm that le talored to their prubislonal and
roeech Intersas. The program providesa

IVrong be.ground In the eoretiel founda-
ons of operatons resoarh and the preotiel

techniques used in buiding models for a wide
vadety of applictons. The Center provides a
range of micro-, mini-, and mainframe corn-

WW o Nes, wNh an softwere,
od buidiNg" and algdhmi experi-

mentation.

The core graduate ourriculum for both S.M.
and Ph.D. dsge onsits of Appled Probe-

b (SAS), Analysis (15.065), Ap-
pd aIs (15.075), and introduoton to
.. ta P v (16.0 S 1J).

ootiue with three
additonal graduae-le4 subjects and prepare
a thee in an ea of rese rh gooentrauen

opporo" l o' f e
.0 d0 0 in 7  afee of

vae ,ofnen in the seloes seOtor the
economy - plannes In ageN-

cles, and In pdvale n ms.

Doora~ students me speed to
to t osom, M.ov Model

and TheirAppliNsone (6.38), Intodumon to
Sloohasti Proosesee (1.0yUy1644g), St-

tubes for Mdel Sulidna (15.07 1.457J),
Netwrk Oplmisallon (fg.gg), CombInatodial

p0mamn (18.006), and Noninear Pro-
grammIng (1. Dooloral d
candidaes must qulcy for ontnu n o

"W QuamIIIW and Geral
s n Wthe esond

year of a typaaly four-year progran. Course
orIk In a minor gfoows, in addion to

pusukn an project under the
ofa dertation commales.

rml safadm program is supple-
byse Nuf And re"Wha "adan-

shi- noMff docoral
Groalofthe Ph.D. W ,ra

oben ssume faculy poelans In he and
abroad.

Students wishing to concentae secificaly in
operaions reeearh at either the macter's de-
gree or docoral degree m di-

. Tis e deby= gen-
MTadil~one ol~sand

by ,"Operons Rese -Interds-
e in a places on te

appiNaion matedals requseting a dpadrmen-
lI designaton.

Further informaton about te operatons Re-
sarch Center and the degree programs is

contained In a brochure entied Graduafe Ed.
uosfian af the Operaton. ReseeirA, Center
and is avalable from the Operaions Reeearch
Center, Webster b uliding (1d0-164), MIT,

Cambridge, Maseachusete 013. Indvdual
questons be addreseed to ether of te

Comeolore Rlcherd C. Lemon and
Jeremy P. Shaplro.

Plsm Fuel Center
The Plasma Fusion Center, formed in 1976,
providee a focus for epermental and thoret-
cal studies in plasma fulion phyl1" and re-

ileed n devplpines. It provdee the
for effectively undertaldng

s"ait of oinlvs fusion re
search at MIT. The W -iy development of fu-
eoen ergy is one of te mote u n and
technioly complex chal.enges faing flolety.

The Pla smun Cener fters indepen-
dent oreadvty, and heps integra te looeo-
lve fusion acuvtiee into a ohive program
with the following broader instiule goals:

- to provide, both Ni and nemaon-
all, Otechnical Iadlp for te de.
omeowof ener gy

- to provide the lnteltual environment for
te expert eduoaonal trainIng of students,

research solentist, and engineers.

Fuon resemah &Am s fal into six major
programmati divsons.

The Fuslon Systems DiMvon is concem-ed
wth overal deign and retor physOcs inveso-
glons of te net generatOn of maer loroldal

and mInor fusion devices; understandng e
potential haroatereleos and technology re-
quirement of d fuson rec-
ore; ande reor deeign
conces a dvan d plAsM diagnons
using bot asctie and peesh meFseemes
of elesiromagnetlo radation.

The Miror Confinement Systems DMelon Is
an Increased undersandin of

= mrphylsc wNh emphals on
Mbft~ p#ewr mal barde fornn--

and Af hf. The subrogrwam esIn.
dlude te TAM tand7rrand ONST-
ANCE miror expedmsnst.

The Fu"lon Technology and E ro ng DM-
eln alims to provide oriMal enginee )sup-
por for operam ngconfinement expeimen
and advanoed deinproje. It also devel-
ops advanoed oopper magnet tech-
nology and sup ond magnet
technology for the nonal fusion program.

The Appied Phyaics Research DMelon Is de-
velaping th bael epermental and #eod-
cal understang of plasma heatng and
confinement rpr es, nesarch on
tokamak and mirror system, efulon
conceps, fuson theory and computadons, and
ciagnosois and lase devsiopmnet

The Toroldal Coninement Expeiments Dlv
elon Is devslaping a bsla undurtnd of
te sbty and transport properties of high.
temperature toroidal plasma. at rect-v
conditions and de t and ang bon-
cepe for optSmiaton ofterols onine-
ment approach to feWon. The
subprogram areas Ie ALCATOR W-

kmaexerment.

The Coherent isomlrmagneo Wave Gener
don DMon Is devln a baco expedmen-
ta and heI nde rn g cohen
radatn generation by free elcrons for
wavelengths in the 1I m to 1 c range. Par.
doular emphass s b placed on te devel-
opment of free eleoon cyolotron
messrs (gyrotrons), and nov radSon
eaumo"e

in tw lst deoade, many result of great alg-
nfitano t the intnational rt to devMop

Wion enyhow been obtained in the
AL.CATOR Aand 0 tlemale, Ow
mejor experdmental in Ot Plesm Fu-

ion Cener program. For eample,ALCATOR
C urrey holds eh world reonn in otdaining
he ighest product of plasma denehy times

onfineme time, and Is ao a world leader In
gtecdques to ddve cem by

iyd waves. VERSATOR 1 and
e ued-to study plaueur re-

seh aspeoos of Wrale and miroroonined
Srespectvely. The overa program

abalance between exped~menIal and
theoreal sudes. Puslon acite in th De-

preents of Electical Engineswng and Com-
puter Solence, Materials Solene an
En- ,en Mechenical Engineedng, Nuolear
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Engineering, and Physics, as well as the Fran-
o litter National Magnet Laboratory and the

Research Laboratory of Electronics, are affili-
ated with the Plasma Fusion Center.

The Centers ograms provide an excellent
forum for the an of students and profes-
sional researchers. Approximately 76 gradu-
atS and 10 undergraduate students are
currenty involved at al level of thesis work;
undeaduates also partilpate through
UROP.

Further informadon may be obtained from the
Office of the Director, Professor Ronald C.
Davidson, Room NW16-202, Cambridge, Mae-
eachusette 02139, (617) 253-8102.

Power Engineerng

Interdepartmental academic and research pro-
in power engineering are avalable In

Departments of Aeronautics and Aatronau-
tics, Electrical Engineering and Computer Sal-
ence, Mechanical Engineering, Ocean
Engineering, and Nuclear Engineering. These
programs cover a broad range of energy-
related Issulee.

A graduate student enrolled In any of thes
departments may construct from among var-
lows siject offerings and research acdvidea
an academio program and thesis research
which he or she wishes to pures. In addition
to subjects treatng specfic topics in power
engineerng, many other related subjects are
avaeble on such topios a thermodynamocs,
fluid mechanios, heat transfer, control theory,
mateials, stress analysis, vibrations, cryogen-
INo, and combustion.

i addition to the departments isted above,
research in power systems ls conducted at the
Gas Turbine Laboratory, Laboratory for Eleo-
tromagnetc and Electronic Systems, Sloan
AutomoUve Laboratory, Energy Laboratory,
Heat Transfer Laboratory, Cryogenio Engl-
neering Laboratory, and at the Nuclear
Reactor.

Research asaistantehipa are available for
graduate students, and some part-time em-
picyment is available for undergraduates. For
further -Iformaton on the programs and on fl-
nno"a ppor, contact Ithe Graduate Regis-
traon Omoer of one of the participating
departments.

in telnos a nd o

The Schools of Eng riand Slence have
estabilehed a radut program in polymers.
it is open to qualified students admited to the
graduble program of any MIT department. it
consists of an Inital academic phae In which
al tudens win parilpatee ( of pre-
vious background and rWinterest), fol-
owed by research in a selected area of
spcaiaton. The program leads to the doc-
toral degree: f deslred, a masters degree can
be obtained through the student' department.
The core ourriculum, taken by all students, will
provide a common base In the field of poly-
mers. It Is broad, rigorous, and covers both el-
ementary and advanced subjects spanning the
entre range from the molecular level to the
contnuum. This curriculum will take up the
first two semesters In the graduate program.

The transition from the academic phase to re-
search Is marked by the qualifying exam,
which consists of both oral and written sec-
tions. The exams are offered at the end of
each spring term and are based on the PPST
core curriculum. Successful completon of the
exam lWads to seleotion of a research project
and the preparation and defense of a thesis
proposal.

Any faculty member at MIT can act as a re-
search supervisor. The thesls supervisor(s)
advises the graduate student on a contnuing
basis throughout the time of the research proj-
eat. Compleion and successful defense of the
thesis before PPST and departmental faculty
fulfill the requirements for the doctoral degree.

For more information on this program, includ-
Ing detals of admission and financial ad pro-
cedures, contact Professor Robert E. Cohen,
Director, Program in Polymer Science and
Technclgy, Room Eg356, MIT, Cambridge,
Massachusetts 02139, (617) 2583115.

Research Laboratory of Elactronles (NW)

Established in 19046 as the Instutes first In-
terdepartmental laboratory, the Research Lab-
oratory of Electronice provides facuty
members and their students, both graduate
and undergraduate, with the diverse services
and faclitis of a large laboratory to conduct
research in two mlor areas - ectronits and
optice - together with language, speech, and
hearing. In addtion, smeer oup are fo.
oused on atomic an molecular physics,
plasma physics, radio astonomy, digital signal
pro ng, Image prooesing, ellolromag.nt-
ice, and communloatons. Participant come

from theDepartments of Electrical
anc WAlne, Physics,

and EngineerIng,
and Ungulegos and Phiosophy.

Research in electronics and optis ooverS a
broad spectrum of concers ranging from
electronic mats"i and fabrication through
high-speed electronlo and opto devios to
electronIc and optial cirous and, fInay,
logio, archItecture, and large-scale systems.
RLE binge together fundamental theoretcal
and experimental work in the nature of ma-
terials and surface interfaces with practicl
devices, circuits, and systems oriented to
high-performance applications.

The program in language, speech, and hear-
ing includes ingulstc Vork In phonology cou-
pled with the structure and design of systems
for text-to-speech conversion and speech rec-
ogniton, as well as fundamentl work on arto-
ulatory phoneots, audiory psychophysics, and
audiory physiology.

Additional research fool include fundamental
studies in atomIc and molecular physics such
as radiation modes and besic constants, theo-
retial and expeuimental research in plasma
physics, radio astronomy and astrophysics,
digital signal processing theory and hardware
architecture, 1proosaing of two-dimsn.
slonal signaIs high-resolullon tels-
vision), studies of electromagneti propagaton
i noninear media, end a varety of studies in
communications iciuding structure and prolo-
cola for high-speed local networks.

Almost all research in RLE is conducted or su-
pr by academic faculty members and.
students. 100 faculty members
are afmatd with RL. They work with over
300 graduate studente and approximately 100
undergraduates, in addiion to reesarch staff.
The research In RLE provides opportunties for
a broad spectrum of student thee projects.

Addional nformaton may be obtained by
contactng the Office o the DOrelor, Professor
Jonathan Allen, Room 36-413, MIT, Cam-
bridge, Massachusees 02113, (617) 13-50g.

Researh Proagron- omm no

Rapid technological change and the cooal
Importance of communlOstione to society have
combined to generate intense conem with

In ft a i tengsalplinary
d whch draw on engineering, economics,

himelafthw" &udv wId Resoarch
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poi analys, legal studies, management,
political science, and the scoology of oommu-
nions effects is an area of active study and
research at MIT.

There Is a graduate degree program in Com.
munistoins T and Poly within the
Deparent of Scence. Some gradu-
at students have developed their own inter-
disclinary course of study In oommunloations
through the Program in Technology and Pol-

othoug oher departments Inciuding
=a nin1en and Computer Science,Economlos, thSloan School of Mngmn,

and the School of Architecture and Planning.
Undergraduate may wish to explore the
UROP projects available In communiatdons
research and review the course listngs of the
Film and Media Conoentration. Further Infor-
mation on the Concentration is available from
the iterature Faoulty Office, Room 14N-305,
MIT, Cambridge, Massachusetts 02139, (017)
253-381.

Program faculty are avaiable to advise Inter-
ested graduate students In the deslgn of their
course of study, to put them In touch with on-

rearh o at the Institute, and to
withpfesn placement. Recent dis-

ertatons and facully research assoated with
the program have Included studies of the poll-
lie of spectrum allocation, poilymaldng In the
French televison system, satllte communlca-
tions, interoanve medis and video games,
high-denition television, the social impact of
the telephone, telecommunicalons facilllas In
rural Egypt, and Federal regulaton of cable
televiblon.

The Program publishes an Interdisciplinary
course Nat, organizes seminare on spclal top-
los In cooperaon with the Communicadons
Form, and pubishes an annual report de-
scdbing recent and research and
teaching aelvitie with communion-
tions poliy. The Program is housed in the
Center for Technology, Policy, and Industrial
Development.

For further infonatin, contact Professor W.
Russell Nsuman, Director, Room E53-67,

Selense, Technology, and Solety

The Program In Science, Technology, and So-
b( ) focuses on the ways in which aol-

wwtechnologicaL and socl factors
interact to shape modem life. It traes the hm-
pact of scOentic Ideas and technological pra-
tis on socey and oulture and examInes the
role of ocil, political, and ultural considers-
tions inh devellopment in slience and
technology. don Its faculty from the so-

cila and natural sciences, egen, and the
humanites. Various opportunities for research
and s are available at the undergraduate
and levels. A more detalied desorlp.
tion of the Program is given In the School of
Humanities and Social Science section In
Chapter VII. Further Information may be ob-
taned from the Office of the Director, Profes-
sor Carl Kaysen, Room E51 -110, MIT,

, Massachusetts 02130, (617)

See Grant College Program

Dedicated to advancing the vital roles of engI-
neering and science In the development of
ocean and coastal resources, the Sea Grant
Program funds and coordinates multidis-
olplinary research projects, educational oppor-
tunities, and advisory services. Following the
lead of the Naional Sea Grant Program, cro-
ated by Congress in 1966, MIT re the
need to respond to opportunitin marine
field, and to solve current technological, eco-
nomic, social, and political problems caused
by our Increasing and conictng uses of the
seas. The designaton In 1976 of MIT as the
nation's twelth Sea Grant Collage, the first
private Institution to achIeve this distinction,
strengthened the nettute's commiment to fur-
thedng wise use and development of the
ocean's resources.

The Sea Grant research program reflects the
conviction that the ineiutes expertise and f a.
cWties can help solve cloal problems in ma-
ine resource utilization and coastal io

development. Sea Grant research tives for
balanced use of oceans and coasts, greater
harvests of food and useful materals from the
sea, the prudent extraction of offshore on and
undersea minerals, and the appicadon of on-
g=nsrngto Improved methods of worldng In
and on esas. At prsent, the principalde-
partmente Involved In Sea Grant resserch in-
clude Applied Boogloal Sciences, Civi
Engineering, Ocean Engineering, and Me-
chanical . Student parApat d-
rooy in m Sa frant research projects at
both graduate and undergraduate levels
and support is available for UROP project.

The Sea Grant Progra also supports innova.
tive education at Mn In ocean utiaton and
coastal zone development Each year, an in-
tenfscip-nary deslgn subect provides gradu-

als andskktudn With the

"rea-wndd" situatons. The Program has sip-)
po-ed new curricula and texboos In the field
of ocean engineerng. A joInt T wh the
Massachueas Madrme Ad
rew educaonal opportunities for
fishermen.

MIT Sea Grants Advisory Services publish
technioal reports, sponsor "al, and work
with local governments, , and organl.
zatons to transfer comprehensive Information
to the public on the many facels of resource
development In the oceans and cometal zones.

More Information on Sea Grant Program proj-
ects and services may be obtained from the
Office of the Director, Professor Chryssoeto-
mos Chrysecetomidis, Room...g MIT,
Cambridge, Massachusetts 02130, (617)

Spectoscopy Lah'tor

The George Russell Harrison Spectroscopy
Laboratory is dedicated to advancing nm-
edge Of the structure and dynamics of ao m
and molecules and the propertise at Hud s
soids, and oogal maerials ul "
tehniues of mode spectroscopy
technique include the Use Of lasM SO
procesors, computers, and gndoopw
devices.

The :::ctoo Labo a ncouje W-
tidpati and colaotiono mmar-
bars In various dIeciplInes of sci and

preset several dprmet
.,e0m iay, PhyIca ology ec-
SC pu Science, Ap-

plied o ee, and the Harvard-
MIT Dvion of Heam Sences and Technol
ogy) are Involved. In addition, scientific vinors
from the US and abroad particpate in the
work of the Laboatry.

Current research armas include high-relutin
laser speotrocopy of excied vibraona and
electonic molecular Wel, CARS studies, Id.
nedos of intenmedate in organo-mlfc cn-
lN", law up al of atoms,

Infrared and opticalo una expe -
ments, Par Fuinonpectros coherent
tansients, phelon echoes, iser-nuclir spec-
troopy, superradanc, R am,
struoural studles of moleus using

A techniques and adiffralon dets,
tehia holography, and appicatins of isw

seeIn medicne

Within the Laboratory is the Laser fReseach
Center, supported by grants from the National
Soence Fowd~ton for physcial ecience re-
search and from the National in"itute of
Health for biomedical ree"r. Tthis Center
maIls available to resarchers from veious
unherity and indusldresearho insaufs
one of the amnt extensive colleudone of "sers
in the US for spetroscopi rese-? 1 h. Pacose
include a tumable Exolmer Laser, two Nd:YAG
Laser four P Osed Dye LaWer several OW

1 97ioL i g-Rienftmea Skidy 11n114 Raroh
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Two pram are offered leeding to the de-
a&of whtof $*eneiPno op .n

1~li is deBigned1 to pr~o l1) f WOW
with the history and current status of the main
pmbeme In epistemology, metaphyelos,. and
etils; 2) mastery of some of the technical

aldus requ0ise for advanced work in phIoso-
phy; 3) feelily at Independent philosophiksl

udy; and 4) work at an advanced level In an
aled field. A relatively large amount of unre-
stiloted eletve time is avalaeble so that stu-
lents -n devie programs uied to Indvdual
needs and Interests.

Prm 2, oae t inv LInuage
wAdMind, addre IWO to t~opi n prob-
Sns related to phiosophy, psychology, Un-

, and arlflclel inteligenoe that do not
f *ntly Into any one of those filids. Central

among thse tople ar the nature of lan-
guage, of mental repreIsntaton of knowledge,
and of the Innate basis for the acquisition of
such knowledge. A core set of seven subject.
Is required for the purpone of teachg stu-
dents the central facts and lsue In tstudy

of lnuag and the representaton of knowl-
. A fuher requirement of eIa tn

wihIn the prgram of four additonal subjects.
In one ofthe e" Is deelgned to ensure
prepraton for raduate study In either philos-
ophy or pyogyor Inguists. Usts of sub-
jecte In l h, Unguisti, psychology,

and artficial Inteigence whloh may be ussd to
satify the restricted elotive requirement may
be obtained from the Department.

BaIhelor of Sle.e In Philosophy
Qouse XXgV
Pregrnu 'l

ntengM In w r (Cls of
190) and ubesquent Claeese*

General hifut heemAma 17 &ulaM

Sens Reaqment
HuImenles, Ae. and AftW Solencee ReuRement (

subleoil ew be asI ed by su*i in fe DessaF entel
Program (tor 1w Plaid or cmnoenfagon))

lene oe Pn Reqhment
aw y Pe*em ment

TOTAL SOle
PLUS

Depantent Prga Unite

Aue n- wwinw a nsgdby a*unb;
aN ewe MI hao a preaequ one
Pnnexpa w ayo saywt
RequiAd sMOet so
24.200 Soorate and Plo. 12
24.202 Modem Phlosophy: Doecre to Kat, 12
one orUm W laee no " sm:

24.1 Theoy oKrAWbdpe12
24.21 Mehyla, 12

24.241 Eflts, 12
94.241 LogollI1

A e d I i'mMe": 6471
A 0chernt program of6 We ubiOl or whloh 2 must be in
phloVophy and 4 in advanoad eublaola in Wome o1er

disine
Unite i ohperimentl iPregrain tat also sedlly the

GerAl isie s L4 emete 07(r4W)

unreelteted Pele e 75.101

YeW UnitPWm feardw ft SL Degre Ueen1
a e"i" 'rie"urmu nass

'The dogre reeM mante epoeb e to Clase tat entered
MT prr to September le are given at the nd o

desciptlan of the depemenre undargraduete program.

Seshelor of Soense In Phlosophy
cowes xmov
Program 2: Lianguage and Mind

Degree requirement. appIcable to the Class
entedng MIT in Soptember 1986 (Class of
1000) and subsequent Classee:*

Geneni Wmlhata nhqsremenle 1? subinia

Siene equirement I
Humnne, Afe, and SoO Slenom
Peisement (a but two Humanaes DalbAuon eSabj can

5 be ea d by ubWWiIe pIenPgm) 5
Slen'e OlubAon Requirement S

1 LaboWy me 1
1I TOTAL Sube 17

PLUS

-spanmn Presom UnNe

-us -r nmets as te tood by r awe,
and by pAgx NM Aryw (ow'awe I a e
RAquied sublee: W6-72
24.119 Mide and Mahinee, 12
24.161 inodudon to Ptheophy of Language, 9
24.241 Lago 1, 12
24.000W The aludy O Lngae.
24.OOIJ Langu4 e end te bne 0; 24..00J

0.50 Pscoog ,eLasyawe end Corontimladln, 9;

0.5 cognnie Prooeeeee
24.1W Inlduonn to Cognttm SWence, 12

A colernt pogram orl addfanal ubie0
whlh nomnly uhould be dhoen Iom

one or too er tmour wese:
Phinphy. Unmbt Ped*WW, AMW
tigenoese e

lgern Aeltt bquresl wo

unreesteledeeee 14128

Tel Unite nequIed forw *.5. Degree leysnd tw
Genawt teuteenequremente 10

'The degre requiremetpp iet Cleree ta etere
MrT pr September 1 are given at &W end ot
deoedpln of the departmente undergraduAte program.
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Bachelor of Golenos In PhIlosophy
Cwmxm

Degree requirements applicable to Clase
that entered MIT prior to September 196
(through the Class of 1089):

Gao wnulue eqIremmnte TOaN Units

slenoe Requiement Ue
Huanls, At, and WWooll Lre
Oepe "'ne nm b N Pra nsm y thIn Oe

Oo hW), p suOAe s oting 4
solena OWlUstNhOn ReFSEmE se

Lbry Requement 12

-n prqm

nrammee bs wasw nu med ae;
SN ~np 1"1 h"so a aprereqf One

PVMed OMteow o' wr
Ne Ied subisle
24.200 Sore e and Plato, 12
24.20 MOdM PhllecpIyW seMfleto Kant,2
On@ of tOe tObi hw MAWe
24J11 Theory of Kn oe , 12
24.221 Metephyalc, 12

Pkx
24.231 Ethlca, 12
24.241 Logic I, 12

"Reet Wemstuee: s4.?7
A coherent program or su oets, of whlOh 2 must be i
phOibophy and 4 In advanced blecOl In some other

usecOiNted Skenes 7540

TOa Unite Res ed hor th 5.3. eree aM

inuheler of Seleos In Philosophy
Course XXV
Program I:,anguage and Mind

Degree requirements applble to Clases
that entered MIT prior to September 1966
(through the Class of 1969):

Genuar ittadule Requlmente Tetar unas

Sence Resme s

Nequmente, ca, be sl byed b esIndeOpand tw grand b hass tee
Humnie Olubuln gueo~edlg

Solence Oawaon ea*em. Nsw- R -~h 13*"-aborOr P4*Wmnt

ennent! popem

&W bN, ewe Noe N o asNt - t*
&W by po.,uies Ow "oregiab I Rawe
" suboil I
24.119 MindeWndMche. 12
24.151 a INORco to PhlO$phy 04L#Ogqe, 5
24.241 LOglIO .12
24.90W h Sady or Llgqe, 9

4.601J Language and No Shauue, 9; 94.0W
Ttwos oee y Mares awe:s;

&.s9 Peyhl~gof L and Communleoon, 5;
24.90 oognr KIl9.2 cognutho Peo n

-24.110J Ifodufi cnts 8" m clne.19

Rtehoadi emun:d
A coherW progrNm of5 aOifonal submeols
5hleh nonnety ehould be hen fsom

mie reof the tw 0mW:
Phnphy, - PW .M"l

Teleunite I -h 1.00130
Unretktd oslem OW N

The Department offers two Programs lesing
to the degree of Doolor of Plilosophy, one In
Unguledoe end one in phiosophy.

Doelor of PhNosophy In Unguledos

The* inguiss eoan offers a1 demanding

= pmleaingto tege of Doctor of
In kum. noermval outis

of Study four years, Including the wrling of
the diese o. The orientation of the pro.
ram a hIghly theoreal, Is central aim be*ig

the development of a general theory that re-

re of a=& language g lawa
aid #Wnfps tht 1ovrna1 natural lan-
guages. Te tople that form the core of i
program are t traditlonal ones ofphlgyW

morphlogy eyntsK SOeantIcs, and hleoWalW
Inguwewo; but t program's interests a e s

land Into questlo of t Interrelations be-
tween Hnguladoe and other discolines such as
p311lo0op0Y And log101 Ntea" studies, maths
maos and the study of formal nages,
acousts, arcal Intelligence, and comper

Apprctdmately eight to 10 students enter the
Program each year in a highly selctIve ad-

meslons prooss. The Department does not
require tha ants have taken any paetru-

r set of that they be trained in
any partIular discipline. Instead, applIcnts
must presnt evidence that they ae able to
engage In serioue study of oompex subject
matter. Examples of such evidence might be
mastery In dept of a languae or group of

e.g., clasal Greek, Sngllo,
Japanese; or work, academIc or nonacademio,
of high qualty In a relevant are, epeially If
It required considerable appoation, Imagina.
don, or Ingenuity.

AN students In the inguisics program must
complete a set of required subjects unless
they have acquired adequate preparaIon es-
where. 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 resesroh they ae
required to pass a comprehenalve General
Examination, In conformity with Insttute re-
quirements. Students must also demonstrate
competence In two foreign languages.

.1wr

Graduate Study
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The folowing subjects are normally required of
all doctoral candidaes in linguistios, unless
they have obtained adequate preparation else-
where:

24.942 Topics in the Grammar of a
Non-Indo-Europsan Language

24.951 Introduction to Unguists I: Syntax
24.961 Introduction to Unguistis it:

24.952 I to Unguis tiII: Theory
of Grammar

24.96 introduction to Unguistlo Iv:
Universal Grammar

24.957 introduction to Lnguisti Theory at
an Advanced Level

24.968 Lnguisc Structure
24.950 Workshop In Syntax and Semantics
24.92 Advanced Phonology
24.980 Workshop in Phonology and

Morphology
24.970 introducion to Semantics
24.972 Language and Computaton
24.73 TopIcs in Logic and Semantios
24.902 Unguistc Change
24.902 Survey of General Unguistics I

Before students may begin their doctoral re-
search they are required to pas a compre-
hensive General Examinaion which is
Dcmpoead of two parts.1 he first pat is a writ-
ten examination consieting of two substantial
papers on topis chose In consuladon with
members of the faculty. Usualy one paper is
on phonology or morphology and the other on
syntax or semantics, but i possible for one
or both papers to treat the interaction of two
topis, for example the interaction etween
syntax and semantics. In conformity with Insti-
tuis reuons, the sond part of the exami-
nadCnb oral. it deals with topics treated in the
candldate's wrItten examination but is not Om-
led to thes and probes into the candidate's
compelence in linguistics in general.

To enter the doctoral program, students must
have done well In thelr previous academic
work and must be formalny accepted as candi-
datee for the degree by the Department of Un-
= and Philosophy. Although there are no

course requirements for admission, ap-
plicants must satisfy the committes on admis-
slons that their preparation in philosophy and
allied disciplines is suficient for undertaidng
study of phIosophy at the graduate level.

Before beginning disertation research, stu-
denta are required to take two years of course
work including a proseminar in contemporary
philosophy which an students must complete
in their first year of graduate study. Students
are also required to pas general examina-
tne and demonstrate competence in the fol-
lowing areas; value theory, logic, and the
history of philosophy.

Intedisciplnay study is encouraged, and can-
didates for the doctorate may take a minor In
a field other than philosophy. Options for mi-
nors include pshology, Inguistis, and logic.
Students who elect one of these options wil
be expected to complete three appoved grad-
uste subjects in their minor fldk. Tre is no
general g requirement for the doctor-
ate, except in case In which compe-
tence in one or more foreign languages is
needed to carry on research for the disserta-
don.

inquiries

Information regarding undergraduate or gradu-
ate academic programs, research activities,
admissions, financial aid, and assistantehips
may be obtained from the Department of Un-,
guic and Philosophy, Room 20D-213, MIT,
Camdg, Massachusetts 02130, (617)
253-4141.

Every candidate for the doctorate must com-
plte a program of studies in a minor field, the
purpose of which Is to broaden the Interests
and capacties of the student In ar- other
than thOs of his or her major intellectual
objective.

Doolir of Philosophy In Philosophy

The program of studies leading to the doctor-
ate In phlloeophy provides courses and semi-
nars In such traditional areas as logio, ethics,

opltemology, philosophy of sd-
nO, of = , philosophy of

mind, aesthtics, sociala poitical phioso-
phy, and history of philosophy. Interest in phil-
osophloal problem artn fom other
dislplins, such as linguisics, psychology,

matemtic, ndphysic, Is also enoourage.

loomemmm
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Department of Political
Science

Oald Laurence Modon Blacikmer,
Ph.D.
Proleebor of Poltcal Solence
Heed of the Deparent

Profesee

Hayward Rome Aker, Jr., Ph.D.
Prolesor of Political Science
(On leave)

Suzanne Brger, Ph.D.
Ford Intemational Professor of
Pollical Science

Lincoln Palmer Bloomfild, Ph.D.
Profaesor of Politcal Science

Water Dean Sumham, Ph.D., LIt.D.
Ruth and Arthur Sloan Professor of
Polfoal Science
(On leave, tai)

Edwin Diamond, M.A.
Professor of Political Science
(Vlan)

Null Chouci Field, Ph.D.
Professor of PoNcal Science

Willam Edgar Griffith, Ph.D.
Ford International Professor of
Polical Science
(On leave, fall)

Willard Raymond Johnson, Ph.D.
Professor of Pond&al Science

Michael Lpeluy, Ph.D.
Professor of Potcal Science

Lucian Wilmot Pye, Ph.D., L.L.D.
Ford Inernational Professor
of Polical Science

George William Raihiene, Ph.D.
Proeaor of Polical Science

Robert inwin Rotbrg, D.Phll.
Professor of Hisory and Potcall
senw

Harvey Morton Sapolky, Ph.D.
Prolemsor of Pubic Poliy
and Organization

Eugene Bertram SWinkoff, Ph.D.
Profeeeor of Political Science
Director, Cents for Inteational
Studm

Peter Hopidneon Smith, Ph.D.
Proessor of Hiatory and
Polical Science

Myron Weiner, Ph.D.
Ford Proflesor of Political Science

Joehua Cohen, Ph.D.
Associate Professor of Polical
Science and Philosophy

Stephen Michael Meyr, Ph.D.
Associate Profesor of Political
Science

WIlliam Russell Neuman, Ph.D.
Associate Professor of Political
Science

Bany R. Posen, Ph.D.
Associate Profeseor of Political
Science
(On leave)

Charles Frederic Sabel, Ph.D.
Associate Professor of Social
Science
(On leave, fall)

Richard Joel Samuela, Ph.D.
Associate Professor of Potical
Science

Brian Henry Smith, Ph.D.
Associate Professor of Poltcal
Science

Aselistnt Prieeeoem

Daniel Meday, Ph.D.
Asalatant Professor of Poltical
Science

Charles Stewart Ill, Ph.D.
Assistant Professor of Political
Sclence

Richard M. Valelly, Ph.D.
Assistant Professor of Polical

Senior Lecturer

Loul Manand Il, Ph.D.

Lecturse

Charles M. Jonscher, Ph.D.
Peter H. Lemieux, Ph.D.
Steven E. Miller, B.A.
R. Michael Tyler, M.A.

Vwmu Lackmor

Alchard Greene, Ph.D.

Admiitraive Officer

Anne M. Graeweld

AdMilehrative atf

Maryann S. Lord
Frances F. Powell

Prolessm eierti

Everett Hagen, Ph.D.
Professor of Economics and
Polical Science, Emeritus

William Weed Kaufmann, Ph.D.
Profesor of Political Science,
Emeritus
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Poltcal science Is concerned with the system-
to study of government and the political pro-

ces. Within the discipline, scholars analyze
the development, distribution, and uses of po-
litical power; the determinants and conse-
quences of various forms of political behavior
and sources of political conflict; the ways in
which conflicts are both intensified and re-
solved; and the relationship between the Indi-
vidual and the state. it 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 re-
search.

The Department has a research-oriented fac-
ulty which welcomes the association of both
undergraduate and graduate students in ongo-
ing research. Among the major features of the
Department are: 1) an emphasis on empirical
methods and research training; 2) a concern
with issues of public policy, particularly in the
areas of arms control and defense, science
policy, urban affairs, health, communications,
population and migration, and foreign policy;
3) comparative studies invoMng bta United
States and other advanced Industrial societies,
the developing countries of the third world,
and communist countries; and 4) a strong in-
terdisciplinary perspective which incorporates
political sociology, political psychology, politi-
cal demography, and economic and political
development.

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 earler in this chapter
describes the Department in the larger context
of the School and of MIT.

Bachelor of Solence In Political Science Bohelor of Solenoe in PolitioNi Selenee
Course XVII Course XVII

The political science curriculum for undergrad-
uates combines professional social science
training with opportunities for a broad liberal
arts education. Students are able to chooe
subjects from a wide range of both undergrad-
uate and graduate offerings, and they are also
encouraged to engage In independent re-
search projects. In addition, the Department
sponsors a variety of fieldwork programs in
governmental agencies 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 objec-
tives, 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
transportation, 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 poli-
tics and public policy, urban politics and pol-
icy, science and public policy, defense and
arms control policy, political psychology, politi-
cal development, political communications and
behavior, comparative politics, and intema-
tional relations and foreign policy. Students'
individualized programs are worked out 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 which is ful-
filled 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 re-
search 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 ex-
penses or wages through the Institute-wide
Undergraduate Research Opportunities Pro-
gram. Students should consult the Depart-
ment's UROP coordinator to discuss specific
projects.

Degree requirements applicable to the Class
entering MIT In September 196 (Class of
190) and subsequent Classes:*

aeneral hinsul un mmte 17 subiso

Soence Reqlement I
Humlerts, aid Soal Scienes Reuement [3
Pesio cmn be o stIseed by subiect in te Departel
Progens

scie Ditabuon RWIWMment
-fny Aemem

a

3

1
TOTAL Subieci 17

P'UO

Hequired subl;ets Is
17.013 Pre-hs ei Reaing smnnr to un(ts)
17'ThU Ud *ute PoNE Science Thes

(at "st wl-t1)

Nrmany au ded n aPRIw.
a At W one se tha pVide sOsure In dept to
mch ohe flowing our ftou o pofial science

PoNEal PhNosophy

A Non-Ameimi or Intenonal

Publo Polcy
b. Pv adMonal poNiial MsOlnce sAbct
Specio mobseWdyng
tee crhtria should be chosen in
onualtoon with a facuy advisor.

Unfs In ieplmnalI Prem ta eao a"y go
Genra tremus nequimnnte (W4

Unre d e 1ss

TOt unl o eqed sr the 51.1. Ogree Sey d 
General iete neuSement 1s

'The dr requlrments appl oa t entered
MIT pio to Septme196 e given adt t d of t
descrptio of t depelmNtds undergadut proram.

1.00 Inboducion to Computers and Engineerg Problem
SoMng and 14.30oi n~ to Statsical Method in
Economics se sugesed.

School of Hummnities and Social Soence 200

Department of Political
Science
(Course 17)

Undergraduate Study
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Graduate Study

aschelor of Solenme In Polital Slence
CO se XVil

Degree requirements apploable to Ciasses
that entered MIT pdor to September 196
(through the Clas of 1969):
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The Department of Political Science offers
work leading to the Master of Science in Poti-
cal Science and the Doctor of Philosophy.

Entrance Requirements for Graduate Study

There are no absolute prerequisites for admis-
alon 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 pollrcal 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 subi
jects for study in science, technology, and
oublo policy; and mathematics for work In de-
fense and arms control.

Master of Science in Political Science
and Public Policy

This program is intended both for mid-career
professionals and for recent college graduates
interested In career-oriented training for pool-
tions In government, the media, business,
banking, research institutes, and nonprofit in-
stitutions. The program may also be suitable
for students who think of working toward a
Ph.D.

Four public policy fields are offered within this
program: 1) Defense and Arms Control;
2) Science, Technology, and Public Policy;
3) Communications Policy; 4) International De-
velopment. Each specialty is structured so that
each student takes one or more subjects on
the policy process, methods of policy analysis,
and substantive policy issues.

Students from a wide variety of disciplinary
backgrounds and professional experience are
welcomed. For mid-career professionals, at
least eight courses are required for the S.M.
degree, plus a thesis. Students without profes-
slonal experience are ordinarily required to
take 12 courses, plus a thesis. Students are
expected to enter with or acquire an interme-
diate-level competence in both micro- and
macroeconomics. The department places
great importance on tailoring programs to
meet the particular competences and needs of
students. interested students are encouraged
to write to us about their interests or person-
ally visit the department. The general require-
ments for the S.M. are described in Chapter
IV.

Mater of Slenoe in Political Sclence

The Master of Science is intended for students
who are concerned with developing skllis in
applied research and who are seeking careers
in public service. The master's program em-
phasizes intensive preparation in a single field
of study. Students wishing to concentrate in
any of the specialized fiel offered in the
S.M. program in Political Science and Public
Poliey (described above) should apply to that
program. Students interested in other fields of-
fered by the Department should apply for the
S.M. In Political Science. Applications should
describe the field In which students wish to
specialize.

Subjects need not be restricted to those of-
fered 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.

Acooelerated Meeter of Science in Pollcal
Solence

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 com-
bined S.B.-S.M. thesis written during the last
three terms at the Institute. Undergraduate In-
stitute requirements may be completed during
the fifth year 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 politi-
cal analysis and one other) are normally satis-
fied by completing stipulated subjects or
demonstrating achieved competences. The re-
maining two fields are the focus of the stu- -
dent's General Examination, written and oral.
The student Is also required to present and
defend an advanced research paper (Second
Year Paper) prior to the General Examination.
Established fields Include political analysis,
political communication and behavior, Amed-
can government, comparative politics, commu-
niet studies, defense policy, science
technology and public policy, international
politics and foreign policy, political and eco-
nomic development, concepts and methods,
urban politics, West European politics, Latin
American politics, political demography, and
others.

1.00 nnlonn o compue nd WE Proble
solvin % and 14.30 hWeduneln to Stdleoel Method in
economis s anested.
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Approved combInaens of emm of these
islde together with soonomics, industrial man-

agement socol, -cilI psychology, or sol-
nan stcleams idenmay be

sAClOmmO A M WIn urban poides And
planning is 11ere -o ntly wkh the Department
of Urban Studies and PlNnng, and a program
In intemRational plannings died with te In-
temaional Pood Nu n Program (both
desolbed In Chatr Vi). There aleo are a va-
riety of joint MIT- University teaching
programs In subjeote such as Analysis of
Complex Systems, West European Studies,
and pontt-l demography.

Programs of study ioloaliy combining ad-
vanced work In some eolentflo, engineering,
management, or other social science field with
pomilos science are welcomed. Por example,
some poliical science sludents have devel-
oped programs around the interdisciplinary
%ld of communloation policy. Graduate work
In this field at MIT is described In more detal
in Chapler VI. A candidle's quallfloations
must indi'te promise of abilty to develop
fruitul new Knee of Inquiry on problems touch-
In t relationship nmen, human be-
havior, science , and the poitoal
prmess. Guided feld research and close
worldng ties with fculty membere engaged in
MAr reseac sovines A e stressed.

Teeshing and Research Aesletantuhlpe

Finanlal assstanoe is avalable to qualied
M*Niein the form of rearch asstant-

grOAdu trainaship, and a limned
umrw of felowshIps, subject to the avaiabl-

ty of fund. eseh assistants work under
faculy supevision on projects adminitlered by
the Department and through MIT afllUated re-
searchi4aclies such as the Center for inter-
nelionel Studes, the Joint Center for Urban
Studies, and the Center for Polloy Aitenatives
(described in Chapter VI). In addition, ad-
venaed graduate students may qualify to be-
come teaching aslstants.

AdMonal infonnaton regarding academic and
reserch programs in the Department, admis-
sions, asslstaniships, financial aid, et., may
be obtained from the Department Head, Pro-
fessor Donald L M. Blackmer, E53-470, MIT,
Cambridge, Massachusents 02139, (617) 253-
5m.



Program In Science, Technology,
and Society

(STS)

Carl Kaysen, Ph.D.
David W. Skinner Professor of
Po~i Econo
Ohecolor, Iall wa
(on leave, spin)

Kenneth Kmnieton, Ph.D.
Andrew W. Melon Professor of
Human Development
DOector, spring wm

Peter Suck, Ph.D.
Asscit Professor of th

Donald Laurence Mortor Blackmer,
Ph.D.
Professor of Political Science
Head, Department of Polical Solence

Loren R. Graham, Ph.D.
Professor of the History
of Science

Gerald Holton, Ph.D.
Professor of the History of Sclence
(Ving)

Evelyn Pox Keller, Ph.D.
Professor of the Sociology of Science
(eng)

Thomas Samuel Kuhn, Ph.D.
Laurnc S. Rockefeller
Professor of Philosophy and
History of Science

Kenneth Rogers Manning, Ph.D.
Professor of the History of Science

Leo Marx, Ph.D.
Wiiam R. Kenen Professor
of Amerdn Cultural History

Robert Swain Modson, M.D., D.Sc.
Professor of Science and

(V"lng)

Michael Joseph Piore, Ph.D.
Mteul Professor In Problems of

Water Alter RosenblIth, Ing. Red.
Insiute Professor, Emeritue
Provost, Emertus

Merrit Roe Smith, Ph.D.
Professor of the History
of Technology

Leon Tring, Ph.D.
Professor of Aeronaudcs
and Astronautice

Charies Weiner, Ph.D.
Professor of the History of Science
and 0&.
(on leav, M

Jerome Sert Wisner, Ph.D.
Insilute Professor, Emeitus
President, Emeritus

Aneoelst Pronsore

Louls Lawrence Succirsll, Ph.D.
Associae Professor of Engien
and Technology Studies
Emma Rothechlid, M.A.
Associate Professor of Technology,
Society, and Rhetoric
(On leave)

Chades Frederc Sabel, Ph.D.
Associate Professor of Social
Science
(On leave, fall)

Sharon Traweek, Ph.D.
Associate Professor of Anthropology
and Science, Technology, and
Society
(On leave)

Sherry Roxanne Tude, Ph.D.
Associate Professor of Sociology

Prinolpal Research Aseociate

Victor MoElheny, B.A.

Principal Ressaroh Scientlt
Kosts Taiple, Ph.D.

Professor Emerus

EMng Elmore Modison, A.M.
Elizabeth and James Killian
Class of 1926 Professor,
Emedtus

The P rm In Science, Technology, and So-
(%) fbocuses on the ways In which so-
, technological, and social factors

Interact to shape modern life. The Program
brngs toh humanists, socal sclentists,
engIneers, and natural sclentst, all commit-
ted to transcending the boundaries of their
disciplines In a joint search for new insights
and new ways of reaching science and engi-
nesring 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 sool
sty. The introduction to the School of Humani-
ties and Social Science found earlier In this
chapter descrIbes the Program In the larger
context of the School and of MIT.

aosPmam In solen. 1*reca~ie..n an, 



Undergraduate Study

~ gand snoleeudents are inres-
seelng o unersandthe scl and his-

rcontexts in which they wiN work and the
social consequences of what they will do in
their professional oreers. ST sjet help
them think reelaicay and creati611y about the
Intellectual, moral, and scial issues raised by
the rapid growth of science and technology In
the gth century.

88 contributes to und.e on at
MIT in several ways. t o general subjects
to introduce Saence and enginedng students
to broad social and Intellectual perspeotves
on their filds. It also offers more specialized
subjects in three areas: the social and histod-
cal atudy of science and technology; technol-
ogy and the ohganiuation of IndtNWW
societes; and cultural dimensions of science
and technology. Wthin each of these cat--l, students can choose both introductory
and more advanced subjects.

Al STS undergraduate subjects may count to-
ward the Insituts tequirement in the HumanI-
ties, Ads, and Social Sciences. The Program
offers a number of Humanities Distribution
subjects as well as a Feid of Concentration.

Duble Degree Progrm

For those students who wish to integrate their
proftesional study of engineedng or science
with a dgorous treatment of Its relation to so-
cial and historical forcs, S offers a double
degree program through Course XXI in coop-
eration with the Department of Humanities and
several departments In the Schools of Engl-
neeing and Science. The object of this de-
gree Program Is to give such students the full
tschnical and scienifio education provided by
a science or engineerng major, and to enrich
it with complementary studies of the historical
and social contexts In which scienoe and tech-
nology funoton.

Students in this double degree program must
complete all the requirements of their technical
majors as well as the Course XXI require-
ments described as follows. Altogether they
must complete 450 units of study to receive
the two 8.9. degrees.

The Course XXI degree requirements In STS
are specifed in the following chart. The two
Reading Seminars (STS 130J/21.901J and

TS 131J/21.902J) are designed to provide a
basic grounding In the study of science, tech-
nology, and society.

A coherent sequence of fie electve subjects
must be ananged to provide an understanding
in depth of one of the following fields that
omrnis MT and somne f&*with the
other two:
a) Social and Historical Studies of Science
and Technology
b) Technology and the Organiation of indus-
trial eties
c) Cultural Dimensions of Science and Tech-
nolgy

in the Project Seminar (STS 13I2J.g0J), to
be taken in the third or fourth year, students
reexamine from an STS perspective a labora-
tory project, or summer job iperiow In the
sciences or engineering. The Project Seminar
provides trani for work in 8TS In much the
same way as boaory subjects do for engl-
nearing or science.

In the Thesis or Design Project (21.ThU), stu-
dents expand their senior technical thesis or
deegn project to include the soolal effots and
historical contet of their work. In ocases
where an integrated study is not feasible, two
separate but related projects may be consid-
ered.

Students must submit to the Registrar a pet-
tion which indicates the desire to work for this
double degree. The petiin must be approved
by faculty advisors in the two appropriate de-
partments before students complete the entir
program. Students who take a normal load of
subjects may require five year to complete
this program, but the majorty of double de-
gree candidates finish their work In four years.

Double 8 1 ---
Co s XG (St Humanlts) with a

olenw or Inglnewing Course

Degree rements applocble to the Class
entering Mi In September 1ose (Class of
1990) and subsequent Classes:*

een mlisute Requkemens 1? subissi

Humniest Aft, nW Ml ane
Reqkemebt ef m au wee 1nees olbeution usoe
eenbe sesied br muet i Vie desenentat progrmmI 5
slene Olmbnn Ieoeent I
$0 ow ory fsuement 1

TOTAL sets 1
PLUS

Osmaenge o prem (atW e i) Unf

ReqIred subleute 4
Thel (S2.ThU) - Ia Unit

nemng Sener in Humuniiei , Solenoe,
and Te l= , &W ml (STS 1SOJ1.O1
and Gs 1 1S1.S -- 15 unite
Proli Stednnr (616 131Js1.SOJ)-5 wune

PuedN Ulmeeuwee: s1-108
A coheent goup of een 0 ve PAulei
(of leet d5 unls) wn fsom ie cunloule
am t i OePwbnet of Humenen.

wet oW@ dinpsh -Iet wweeappropekee.
Tree of rim Ae Mtno be i one of
0e WWlowIng wmes, and one must be n ech

i) soal end H&MiAl SlueN ofSiNe OWd Teohnolog
b) T o"""o O etion d

o) cumural OlmenhonN of s0en1e
oid Technolog.

Four eleove subletet (at beet 86 unie) in a
eeoddman fhunenee, moali edenoem.

or ubue &Vt

Uniaen epeuen i POeM 0s lee 4emiy Vim
Geendo Immt Requemene (P4T)

Unrerieted eetiee 041wi

TOWune Required et Ve =.s. D
ini Reu irenew nd

Igo

TOM Unit eredTmeheee egrees SeOIni
Vie on hietute smquWOS wente ar

'The dere mequrement tpptoeble Cmem V entewed
MIT pror to Septeber 1eN we given at Ve end or Vie
desrion or e despsumnre undWgrduoe prom.

I - I'll I
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Students who wish to etstudIes In STS,
Humanitie, and non the
Smaller scoal of a program
should consider this opon. in-
cludes a group of sub
jets offered by and Owe tmet of
Humanities which provide a fo" for Interdls-
cIplinary work. Central to this corw is a year-

OVN"seminar (87S 1=0J/1.9014 and
1e 3l1.gWJ) taught by faculty mem-

bere from STS and Humanitiee, which exam-
ines Interaction of solence, technology, and
culture through criiloal discussion of maor
works.

The six elective subjects in STS/HumaplUee
required for the deg may be taken from the
curricule of Human , S8S, and other de-
partments when appropriate. They must form
a coherent grouping that Includes at least one
basic subject In the history of sclence or tech-
nology and one subject treaing hw cultural di-
menelons of s oence and technology, and that
has clear relevance to the solento--/techncal
field forming the other component of Ow pro-
gram.

Furlher details on the requirements for this
joInt degree pogram may be found under the

Department of Humanities.

Coursle wit a
OeAs.Ml

OW" 1requirements SIPble to Clocese
haenteed MIT prior to September 1916
(through the Class of 10):

enn WNe Ns TO WIN

lunmWnuA" An Oid 5Om Sron
Cn.*emei - be esseed Ir I11OaOnm i

Ospawint P spw it bee Hummn6W
isbib M ilainm 03

Sos otmbiuan aSqulerni a

bn" Psee"m iTNs Am

imnm (21.711T) - 6wunam
Thuel (1.7h) - It unl

Rei mnie in Humaniss, Solenas.
& M sal o & I s6e 1U ou

P"a' " Muliw (M5 13us.O - 9 unlA

A oMhwunt group or euseive majeels
i 11 48 WAS) dWM M n e oWfatle

of31.illMs ipsihil gof wntshlee
and oiler depsunents wher. ussropdis.
hree mes Sle no be in e

of the oilier tWo:
a) bald ad Hisendoel udies of

8 le' P ai Technolog
b) TeWw g O geason or

C) OuiXnelomnagelons or Soleno
and Tefhnolcgy

Four euIe ",Sk*O (#A lMW Is wills) hI
Mad asIN ie of hwiaie. so sn

or vMsua ame

TMb Wals Pequ*rd Ow th S.5.Oegre
i ns x'"red e mhes

osre . r . 4. .

-o -e ,. eel.dua. 4 In
Addulon to reading OW research

GMduate students are encouraged to
palo I faculty resarh projaeis. With depat
m tal po they can structure -
conen trlonI or minor fields in S as par
of their degree programs. Such onu
have been made WO students in ftebepall.
mants of PoNtical S ,ence and BOOM i-
toreeted In the history of soence and

t gslence and pubic poicy, or the
etudy of advanced Industdeh eac0-

oft. S has provided fnancial aesieeance
for some of theee students. We expect twes
aIterdepertmental arrangement to expand. In-
trested students my also take aante of
the opportunity MrT offe to arange doetlJ

supervised by an ad hoo committee
of falmembsrs from STS and one or more

other depa.rt

inqui

Additional Information on the Program In Sol-
once, ,and Society b-
eWne from POet uk, -
1280, MIT, Cambridge, Massachusetts 0213g,
(617) 253-4043.

For detailed descriptions of subjeots In Sol-
onoe, Technology, and Soclety, see STS 101-

638 In Chapter Vill.



Sloan School of Management
Management (Course 15)

The Sloan School of Management, founded In
1962 as the School of Industrial Management,
is the outgrowth of a pionedng ourrculum or-
ganized $t MIT in 1914, which combined man-
agement and engineeng educaNon. Since
thos early Yer, Course XV, Management,
has povided this unique pettem of education
to Ml?. undergraduates. During this perod
many of the Inlitute's most disinguished
greduates made their reputations as managers
and business leaders. However, the gift of
Alfred P. Sloan, Jr., in 1562 was the landmark
in establishing a new level and a broader
scoope In management education at MIT, and
much of the story of management educaton at
the Institute has been written since than.

The Sloan School now offers an undergradu-
ast program leading to the Bachelor of Sol-
ence in Management Sece; graduate

ram d ig to the Master of Science In
and the Doctor of Philosophy; a

oneyear Alfred P. Sloan P ram in executive
development leadin to the M of Sclence
In Managmn; and a nineweek Program for
Senior Eutives In executive development.
In additlion, the ocanSholpripeswt
the School of Enginei In the Interdepart-
mental Management Program,
leading to a Master of Science In Manage-
ment of Technology. Over the past several
years the Scho has developed alarge num-
ber of summer subjects designed primarily to
meet the needs of practicing professlonals In
the various areas of the School's program.

In it efforts, the Sloan School Is committed to
educating enterprise managers - men and
women who have the wil to manage and to
dek, 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 coninue to loam. In fulfill-
ing this commitment, the School providee stu-
dents with a sold grounding in the academic
disolplines relevrtnt to management - sco-
nomlos, mathematics, and the behavioral S-
ences - and develops their awareness of the
muIple 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 Increosingly
complex wodd. The opportunities for such
graduates in a soety full of challenge, both
social and technical, are substantial and grow-
Ing in folds which Include Industrial manage-
ment and the management of technology, of
health services, of education, and of publi
and urban affairs.
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Sloan School of Management

in addtlon to eduumung men and women for
= e isan School qusIy

10research irled at new under-
flt*Vn of and pete solutoWm tomage

ment proilms . Togethe, remath an
educafto arO mutuA#Nw enorcing go&l, aOd
thes ISchoo Is ondent of the conied Irn-
pot of work done at MIT in the flds of man-
agement and management educaion.

OfflD of fte Own
Abrahan J. 0i01, Ph.D.
Pofesso of indtia Relaons
Dean

Aln J. Sk PhD.
Erwin H. SolWd Prossor

Prolsere

Thomas John Allen, Jr., Ph.D.
GOroin iY 3Us11d Fund
Professor of Management

Lotte L r ed Uyn, Ph.D.

(On leave)

Profem o pl Economi

Gabriel Richard lBlran, Ph.D.
Professor of Management Socence

John Carmington CBx, Ph.D.
Proteemor of mnance

Frank J. Paboui, Ph.D.
Professor of Accouning
(Veldng)

JW Feeer, D.Eng.
Professor

of Management

Johr Richard Heuser, Sc.D.
Profeeeor of Management Science
(On leave, spring)
Anoldo Cubios Hax, Ph.D.
AlfMd P. Sloan Professor of

(On leave)

Donald William Hemn, Ph.D.
Profeesor of Management Sclenoe
(VWing)

Robert J. House, Ph.D.
Profemor of Organiat"onal Studies
(VWng)

Henry Donran Jacoby, Ph.D.
Professor of Management

Howard Wesley Jonnson, L.LD.
Special Famy Professor
of Management

Gordon Mayer Kaufman, D.B.A.
Professor of Operations Research
and Management

Thomas Anton Kochan, Ph.D.
Professor of Industrial Relaeone

Chles D. Kolated. Ph.D.
Professor of Applied Economics
(VIelng)

Dona L Roy Leserd, Ph.D.
Professor of ntemnalona
Management

John Dutton Conent Utle, Ph.D.-m Mrc WOWha
Profeesor of Management solenoe

Thomas Lee Magnen, Ph.D.
George Estmen Professor of
Mangement Sclence
Robert Bruce MoKerets, D.BA
Proes r of indutrial Re1e
Robert Cox Merton, Ph.D.
J.C. Penney Professor of

Franco g n D.Jur.,
D.SoIlLD
inItoe Professor
Professor of Finance and
Economics

Stewart Clay Myers, Ph.D.
Gordon Y Uard Professor
of Finance

J. D. Nyhart, J.D.
Professor of Management
and Oea Enginerin

Robert Stephen Pindyck, Ph.D.
Professor of Apiled Eoonomlcs

Wilam Frank Pounds, Ph.D.
Profeseor of Management

Scott F. Rich~d, D.B.A.
Professor of Finance
(Veldng)

Edward User Roberta, Ph.D.
Dsvid S o IN Professor of
Management of Technology

Edgar Henry mhein, Ph.D.
Sloan Felows Professor
of Management

Rihard Lee 8chmalenees, Ph.D.
Prefesor of Management and
Economics

Michael Stewat Soott Moton, D.B.A.
Professor of Management

Jeremy Frank Shapiro, Ph.D.
Professor of Opersalon Research
and Management
(On leave)

Abraham J. Siegel, Ph.D.
Prowesor of industrial Relamon
Dean, Sioon School of Management

Aln John 8Il, Ph.D.
Erwin H. Sche Professor of
Management
O-hyDeemmSilnn School



Norman Stanley 8 eam, M.D.
Proelasor of Heallh Management

Lester Carl Thurow, Ph.D.
Gordon Y Bier Profeseor of
Managemernt and Economics

Glen Lee Uban, Ph.D.
Prfessor of Management

(On leave, tall)
John Easin Van Maanen, Ph.D.
Professor of Orgenhzalonal
Psychology d Management

Eio Athur von Hppel, Ph.D.
Professor of Management

Roy Elmer Welech, Ph.D.
Profeeaor of SOblaelo and
Managem solence
Direti, Saliedos Caenter

Zenon Uoleulou Zannetoe, Ph.D.
Professor of Management
Senior MAsole Dean pr
Development

Asmele Proeseoe

Kherine Gal Abraham, Ph.D.
Aeeociate Profesor of industrial

(On leave)

Amold Irwin Bamet, Ph.D.
Associtte Professor of Operatone
Reseh and Management

John Stephen Carroll, Ph.D.
Associate Professor of Behavoral
and Policy Sciences

Randall Davis, Ph.D.
Assoclite Professor of Management

alence

John Joseph Donovan, Ph.D.
Associate Prolessor of Management
Sola"s
(On eave fal)

Stephen C. Graves, Ph.D.
Associale Profeesor of Management

John C. Hendereon, Ph.D.
Assoclate Professor of Management
science

Mel Horwlch, Ph.D.
Aesociate Profeseor of Management

luert Elot Madnick, Ph.D.
Associate Profeesor of Management

cienes

Thomas Wendel Malone, Ph.D.
Douls Dlew Career Development
Aeocieb Profesor In inlormaton
Technology and Management

Terry Alan Mreh, Ph.D.
Aaeoclate Professor of Finanoe

James lkwOrlin, Ph.D.
Associate ewof Magement
Science and Operadone Research

Thomas A. Poynter, Ph.D.
Associate Professor of International

Julio Jecobo Rotemberg, Ph.D.
Associate Professor of Applied
Economis

Richard S. Ruback, Ph.D.
Associate Professor of Finance

John David Slerman, Ph.D.
Associate Professor of Management

Thomas Martin Soker, Ph.D.
Associate Professor of Applied
Economice
(On leave)

Dorothy Eleanor Weslney, Ph.D.
Mftublehl Career Development
Associate Professor in International
Management
(On 4eve, pring)

Manchek Anthony Wong, Ph.D.
As ateProfessor of Management
Scence
(On leave)

Aesletant Presene

R.K. Ahuij, Ph.D.
Assistant Professor of Management
Science
(Vielng)

Miohasl A. Cusumano, Ph.D.
Aselstant Professor of Management

Charles Harry Pine, Ph.D.
Asaletant Professor of Management
Salence
Robert M. Freund, Ph.D.
Assistant Professor of Management
science

Kenneth A. Froot, .A.
Aseletant Professor of Applied
Economics

Deborah Lyn Glatein, Ph.D.
Assistant P of Organizaonal
Studles

Assitat of Management

ChI-Fu Huang, Ph.D.
Aeelslant Professor of Finance

Frank Rober Kare, M.A.
Assatant Prolessor of Management
Science

Don Naphell Kleinmunta, Ph.D.
Aeeistant Professor of Organzaatonal
Slumes

Sudhir KrIshnamurthl, Ph.D.
Aeeitent Professor of Management
(On ave)

Lode U, Ph.D.
Assistant Profesor of Management
Science

Ue M. Lynch, Ph.D.
Assistant Professor of Industrial
Relellon

Deborah L. Marlno, Ph.D.
Assistant Professor of Management
Sence

Paiola Coleen O'Brien, Ph.D.
Aeetant Professor of Management

John Emery Parsons, Ph.D.
Aselstant Professor of Finanos

Nancy Un Ros, A.B.
Assistant Professor of Applied
Economics

Danie Fred Simon, Ph.D.
Ford International Aselstant
Professor

Robert J. Thomas, Ph.D.
Assistant Professor of OrganizatIonal
Sludies
Michael Edmond Treaoy, Ph.D.
Aseietant Professor of Management
Soence

N. Venkaraeman, Ph.D.
Assistant Professor of Management

Ad-in Prolsser

James Suren Hekimian, Ph.D.
A4unot Professor of Management

Mary P. Rowe, Ph.D.
A4unct Professor of Management

6enior Laturere

Gordon Falk Bloom, Ph.D., J.D.

Stan Nell Pinkeletein, M.D.

Richard Alexander Macinnon,
M.BA.

Harlan C. Meal, Ph.D.

Jeffrey Alan Madman, Ph.D., J.D.
Associote Dean for 1ident Afeire

John Pralk Rockert, Ph.D.
Director, Canter for
inelon System Research

Steven H. Star, D.B.A.

David 0. Wood, B.S.

Labrm

Charles Maria Jonscher Ph.D.
Albert Andrew Maroe, Ph.D.
Maryann Valerie Ploroweld, MA.
JoAnne Yates, Ph.D.

Adminfleoiin

Sandra N. Anthony
Coordinaor, Program for Senior
Execes

H. Janeal Auetn, M.B.A.
Area Coordnator

Jeffrey Alen Barks, Ph.D.
Associate Dean for Bachelor's and
Mers Programe

Harriet Louise Barnet, M.Ed.
Maelr's Program Advisor

Donna Marie Bhmer, M.Ed.
Director of Finanos and
Adminletration

Leo Francis Brlody, B.S.
Programmer Anat

Rosemary Bruloo, BA.
Manain Edior, Sian Men "ement
RevOw

Sharon Ann Cayley, .A.
Coordnalor, Ph.D. Program

Eleanor Chin, B.A.
Adminleira"ve Aesletant,
Executive Education Programs

Paula IR Cronin, .M.
Editor, S N Magaine

Josephine Marie DiClooc
Placal Offce Manager

Ray Edwin Faih, Ph.D.
Manager, Sloan Computer Faclty

Norma M. GIcka
Account Supervisor

Charles R. Grader, Ph.D.
Associate Diector of Executve
Education and Director of the
Program for Senior Execouves

I oh mg8R
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Undergraduate Study

Margaret Elsbeh Gutowek, B.A.
AdMstra Stlff
Luolnde Margaret Hill, e.g.
Mases Prorerw Coordr

Grae Chaone itookse
Adminleiramve Assislant to the Dean

Emiy Franoes MagUu
Datlass Coordinaor

John P. MagNo, S.M.
M1rocornuter Network Adnnisor

Laura BeM Marsky, M.Ed.
Area Coorinator

Jane Marion Mor e, M.B.A.
Diector of AlumwnVa Relations

Elan Nangle. A.S.
AdrnNarf Assistant
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Sidney Stuart Alexander, Ph.D.
Profeeor of Managmant and
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Humanities, Emeritue
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Ssheloer of Solsnce in Management
Solenoe
Course xv

The Soan School of Maagement offers an
undoduste degre program based In the
flid ofmanagement clence. it Is particularly
wal suIted to students who wish to understand
problems of management withIn the oontext of
fundamentl discipines and. where approplr-
ate, with qu Wtitadve rIgor and precilsion. The
program provides a strong preparation for
graduate study In management, while at the
sarne ime securing an advantageous market
postion for students seekIng employment di-
rectly upon graduation.

In recent years, the field of management sci-
ence has grown rapidly In conjunction with ad-
vanoes In computer technology, In methods for
collecting and structuring large quantitiee of
data, In mathematical programming, and In the
building of sophIsticated mathematical models.
Thee advances have become Increasingly
applicable to the solving of difficult problems In
business, govemment, and other public and
private organizations. The Sioan Schools un-
dergraduateprogr developa necessary
competence In the underlying disciplinees of
mathematical programming and modeling, sta-
tisdic, and computer and communications
technology. It also provides a strong back-
ground In the associated disciplines of mana-
gerial psychology and economics. it then
demonstrates applications from a vadety of
functional areas of management. Beyond this,
each student selects an option (of three to ive
subjects) in one speciaized area such as In-
formadon systems, operations research, mar-
kedng research, or behavioral science.

A number of unrestricted electives Is Included
In the curriculum and thes can be devoted to
a variety of career or personal objectves. Stu-
dents who take subjects In additional func-
tional areas of management can usually
complete requirements of the Master of Sci-
ence In Management In one yew after corn-
pleting the Bachelor of Science degree In
Management Science. Substantial exposure to
an area of physical sclence or engineering, In
addition to an education In management, can
be achieved by a technically oriented elective
program. Students who wish broader general
education are encouraged to take additional
subjects In the humanities, arts, and social
sciences, beyond the Institute Requirements.
Appropriate selection of electives should per-
mit a student to meet admission requirements
of medical, law, or other graduate schools.
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For additional information on the undergradu- Course XV Course XV
ate curdioulum and referral to appropriate fao-
uity counselors, $tdentt may consult the Degree requirements applicable to the Class Degree requirements applicable to Classes
Undergraduate Program Office, Sloan School entering MIT in September 1986 (Class of that entered MIT pdor to September 196
of Manaen,Room E52-119, MIT, Cam- 1990) and subsequent Classes:* (through the Class of 1969):
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1
14.01 and 14.02 may be subeAuted for 15.001.
2
00M 16.61 w 16.004 pannot sely" the Restrotive

Studlinte who have hglmo ivatertaete may aslect
eolIenalIn o6der arees. FmurInformetion about options ad

t ie es they binlds Is avenble in tile Undargraduale
Prgim e s (8211).

General inthiute Requremante 17 Subeete

Science Requirement 6
Humanklie, Arts, and Social Science. Requirement I
Science stribution Requirement (2 subecft can be satlled
from among 6.041, 16.063, and 18.00
In the Depaimentl Pogram! 3
Laboratory Requirement (can be saelled by 15.301 In the
DepmenW Pogram)

TOTAL Subjects 17
PLUS

-sew ntal Pra m Un

su-W name besow ae a oowed by ae uner,
an by prerw*eleW a N any (oorequishea JI Uasoa)
Required slee : 78
6.041 Probebilto Syatems Anatyala, 12; 18.02

16.001 Manageal Economica'. 12
16.063 Intoduoon to Management Science, 12; 18.02,

16.076 AppIed StatNatog9; 6.041"
16.301 Menagutal Paychology Laboratory, 12
16.601 FInancial and Cost Accuntng, g
18.00 unet Algebra. 12: 16.02

Reetteled Ilst1vae: 64 to l1
Ore of Ohe bowing bwauateom:

1.00 Intoducton to Computes and Engineering
Problem SolvIng, 12

2.10 Elementary Pogramming and Machine

6.001 Sua end In retation of CoMPur
Programs, 16

16.664 ManagemetInformaon Technology 1, 12; 2.10 or

Tlso of w mioatog Aw euljtimoct
16.361 Managing Technology and inovaions, 9; 16.301,

16.601
16.412 Pinancisi Management i, 12; 16.601
16.664 Management of Human Rescuree. 9; 16.301
16.701 operation Management. B; 16.063- .041-
16.812 Mdeing Management,g;6.041"

PINned Eleelvw:
Pour pc1led subjects in one of the

optons: Intonmdon Systems,

Shaoral S c, 27 to 468

Unit in Depeimetal Progrm thst do ellefy the
Generel instiute nequkement. (30)

Unrersbied ElseWiee 67-84

Tol Unas Rqr for fti .M. Dee a e
General inetitute nequbrements 166

*?!1 degree requirements 0peble to Cimm tiat entered
MIT priorto September 1,64 mu given atthe end of le
desipion of tle depotment's Wdergradue program.

General ineillute Requbemets TOM UnIts

Science Requirement o
Humanliee, Arts, and Si0a1 Sclences Requirement 73
Boenc Dliebton Requirement
can be wWWelled by 6.041, 15.063, and 18.06
In the Deptmentel Program.
Laboratory Requirment can be aetened
by 16.301 in the Depetmentl Program.

Deisnuiend Pragrun

Sl~ast naese bew ate lobuned by ores unto,
an by prerequiaee Many (ooeg*Feam In Aoe)
Requird subiet 7s
6.041 Probabiltc Systems AnalysIs, 12; 18.02

16.001 Managedal Economlos', 12
16.063 intoductin to Management Soience, 12; 16.02.

16.076 ApplIed Satedos, 9; 6.041"
16.301 Managedal Psychology Laboratory, 12
16.601 Pinancil and Cost Accountng, 9
18.0 Lineer Algebra, 12;18.02

Hlerso "a' tiee N64 tIn
one or th fr suspecie:
1.00 todot Co u and Engineeing

Prbe olng 19
2.10 Elementary Programming and Machine

Computaton, 9
0.001 abucture and interpretatin of Computer

Prcgreie, 16
15.664 Mse tInlonneinn Technology 1, 12; 2.10 or

1W361 M Techol an Innovdions, ; 16.301,

16.412 Financial Ma mnt 11, 12; 16.601
16. 4 Management u aReeoue, ; 16.301
16.761 operaions Mangement. 8: 16.083". 6.041"
16.612 Martueting Menagement, 9; 6.041,

Pkrned iMve:
Pour aspoMed subjects In one of te
lowing opens: nmeOn Oyome,

ope n eeeah, Matong Reeoh,
Behavioral Sioence. 27 to 460

UnSeetrleted otee" toU

TOal Unit. Required #0 teS.S. 0egre

"Altmate pMeeequielee ate also aed in the eubject
deeril.n.
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Graduate Study

The Sloan School of Management provides
opportunity for graduate work leading to the
degrees of Master of Science In Management
and Doctor of Philosophy.

Entrance Requirements for Graduate
Study

Applications are welcome from college gradu-
ats in all areas of concentration - the hu-
manities, the social sciences, the physical
sciences, and engineering - but appicants
must have completed formal courses In differ-
entIal and integral calculus and In macro- and
microeconomics. The minimum level of prepa-
ration is normally a one-year course In eco-
nomlo theory and a one-year course In
calculus. If these subjects have not been
taken In a previous academic program, they
may be covered by formal courses prior to en-
rollment In anticipation of diagnostic examina-
tIons given at the beginning of the first term at
the Sloan School.

All applicants, Including those from foreign
countries., must take the Graduate Manage-
ment Admission Test (GMAT). Information Is
available from the Graduate Management Ad-
mission 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. Appil-
cants whose native language is not English,
and who have not received a degree from an
English-language university, must take the
Teat of English as a Foreign Language
(TOEFL).

Mster of Science In Management

Degree candidates are admitted In September
to a program of study extending over two acs-
demic years.

The two-year Sloan Masters Program offers
students with or without previous work experi-
ence a comprehensive education In manage-
ment, as well as the opportunity to develop
competence In a partlcular area of Interest that
may lead to posltons'of either general execu-
tive responsibility or technical leadership.

The program follows three distinguishable
though closely related lines: theoretical stud-
is, applied studies, and practical exposure.

Theoretical studies aim to Improve the stu-
dent's understanding of certain fundamental
phonqmena and relationships that characterize
the changing world In which managers must
operate. The principal fields covered by these
studies are economics, behavioral science,
and quantitative methods of analysis. The

Sloan School was a pioneer In fttng these
rigorous disciplinary subjects Into the curriou-
lum of a graduate business school. Although
by now many comparable schools have fol-
lowed this lead, the School continues to be
distinguished from most of its counterparts by
the Importance it attaches to developing the
student's basic powers of analysis and by the
emphasis it places on understanding the eco-
nomic and social environment In which organi-
zations operate. This Inclusion of rigorous
work in the basic disciplines of management
has served the graduates of the School well In
dealing with newly emerging and increasingly
complex professional challenges.

Applied studies, which occupy the bulk of the
master's student's time, ink the theoretcal
studies to the practical problems faced by
managers. The Sloan School offers an unu-
sually wide range of applied fields, the princi-
pal ones being Accounting, Planning, and
Control; Applied Economics; Corporate Strat-
egy, Policy, and Planning; Finance; Health
Care Management; Human Resource Man-
agement; Industrial Relations; Intemational
Management; Management Information Sys-
tems; Management of Technological Innova-
tion; Marketirj; Operations Management;
Operations Mosearch and Statistics; Organiza-
tion Studies; and System Dynamics. Many
subjects are taught In each of these fields,
and the curriculum allows students consider-
able choice. This flexibil enables students to
construct eithev a gener program that Intro-
duces them to many of the applied fields, or a
specialized program that permits them to
study one or two of the applied fields In depth.
Students are thusable to design broad pro-
grams If they are Interested In Immediate entry
Into general management careers, or more

alIzed ones If they seek expertise as a
means to higher level management responsi-
bility. In eIther case, students acquire basic
knowledge and skIlle essential to general
management.

Practical exposure to management takes
place in the Sloan School through a variety of
activides. Students In the maste's program
are expected to spend the intervening summer
working In some activity that will contribute to
their understanding of and effectiveness In
dealing with management problems. During
the academic year, some master's candidates
work as paid research assistants for members
of the faculty, or become Involved with them in
tconsuld acvities that they carry on for
govemment, ", and other pubio and pr-
vate organizations. in addition, many students
choose topics for their masts's theses that in-
volve research into the practice of manage-
ment In particular organizations, Industries, or
sectors.

The thesis, an MIT requirement for the Master
of Science degree, is a major component of
the Sloan Masters Program. it offers students,
under the supervision of their faculty advisors,
the opportunity to practice newly acquired
management sdilds In the exploration of a sin-
gle topic of particular Interest. Each thasis nor-
mally represents the original contribution of a
single student, although In the case of collabo-
rative research, joint theses are also encour-
aged. A third dimension to the thesis concept
Is the "project" thesis, In which faculty mem-
bers engaged In research activities that lend
themselves to teamwork may offer groups of
students the opportunity to explore portions of
the overall study, with each student reporting
on a specific phase.

Doctor of Philosophy

The purpose of the Sloan School's dctoral
program is to prepare students for careers In
teaching and research or for nonacademio po-
sitions requiring advanced research and ana-
lytical capabilities. The doctoral program
provides the opportunity to combine In-depth
work in theory with work In broadly defined
"appied" or "functional" fields.

A candidate entering with a bachelor's degree
should be able to complete the program In
three to four 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,
one to two years are required for the doctoral
dissertation. A candidate entering with an ad-
vanced degree may be able to finish In less
time depending on previous experience In re-
search.

Breadth Requirement. The basic disciplines
referred to above are behavioral science, eoo-
nomics, and quantitative methods. Students
may demonstrate competence In each of
these "breadth" areas by passing a qualifying
examination or by successfully completing
subjects specified by the Ph.D. Committee.
Entering students with formal preparation In
these disciplines are encouraged to take the
qualifying examinations In September, when
they enroll, so as to avoid unnecessary delays
In progressing through the program.
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Major and Minor Flds. Candidates must
maselr the iteraturs, theory, and application of
a major ield of concentration as won a a ml-
nor Weld. Successful completion of thIs re-

rement Is detemined General
Inftio. The major currently aval-

able in the Sloan School are the following (&I-
y constructed majors are

Accounting, Planning, and Control
Applied Economics
Finance
Health Care Management
Industrial Relations
Intemational Management
Management Information Systems
Management of Technological Innovation
Marketing
Operations Management
Operations Research and Statistics
Organization Studies
Strategy and Policy
System Dynamics

Most doctoral students enter the program with
a fairly clear idea In mind of a major field of
concentration, and it is typically an "applied
field." An appropriate minor field Is then se-
lected - a theoretical discIplne that provides
a foundation for research In the major fld.
The following are examples of natural and
usual combinations:

Major ilid Minor Fleld

Finance Economics

Industrial
Relations

Marketing

Operations
Management

Organization
Studies

System
Dynamics

Behavioral
Science

Statistics

Operations
Research

Behavioral
Science

Economics

There are no rIgId subject requirements for the
major and minor ields. There are normal
groups of subjects for the standard fields, but
subsilutions of other sbc and Indepen-
dent study are possible. Rerdless of the
major and minor flelde 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) and submitted
to the Ph.D. Committee for approval at the be-
ginning of the spring term In the student's first
year.

General Examinations normally are taken in
late May of the second year of study, after
completion of the breadth requirement, major
and minor field course work, and a research
paper (see below). The exact form of General
Exams varies from area to area and may In-
volve written examinatone, critiques of re-
search papers, or review papers on prescribed
topics. In all cases, the last stage is an oral
examination covering both major and minor
fields.

Researon. The Sloan School Is deeply com-
mitted to research, and the philosophy and
structure of the Ph.D. program reflect this
professional commitment. There are two
separate research requirements: the 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 crioism are provided by a research ad-
visor and other'Interested faculty. Upon com-
pledon of the project, the student prepares a
document which, after the evaluation and ap-
proval of faculty members, Is published In the
Sloan School's Working Paper Series.

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 a a manage , project as
early as possible. Candidates typically require
one to two years of full-time work to complete
their theses.

Tesahing Apprenticeship

Since the graduates of the doctoral program
are almost Invariably Involved In teaching,
whether In a university or in other organiza-
tional settings, there is a Teaching Apprentice-
ship requirement for the degree. Each
candidate Is given partial responsiblity for
conducting a Sloan School subject. The ap-
prendoeship offers an opportunity for working
closely with a faculty member who can provide

constructive feedback and counsel. The ap-
prentioeship is normally undertaken in the third
year of study, after General Examinations
have been passed, but may be completed
earier if a suitable teaching opportunity is
available.

Language Requirement

There Is no language requirement In the Sloan
School's doctoral program, although In some
oases the student and his or her advisor le-
olde that further study of a foreign language Is
necessary if the student Is to work effectively
In his or her major field. This Is usually true,
for example, In the field of Intemational Man-
agement.

Fellowships, Teaching and Research
Assletanteships

Except for some limited funds to aid needy mi-
nority students, fellowships for graduate study
In management are given only to doctoral de-
gree candidates. All graduate students who
have completed a year (or sometimes a term)
of graduate study In the Sloan School are ell-
g Ible to apply for the approximately 100 part-
me research and teaching asslstantships

available each year.

Inquiries

For master's information call (617) 253-3730;
for doctoral information call (617) 253-7188.
Additional information conceming graduate
programs, admissions, and financial aid, may
be obtained from the Graduate Programs Of-
fice, Room E52-112, Sloan School of Manage-
ment, MIT, Cambridge, Massachusetts 02139.



Sion Schoo of Manmnt 213

Programs for Executive
Education in Management

Alfred P. Bloan Pellowa Program

Each yea the Alfred P. Sloan Fellows Pro-
gram admits approximately 50 midoareer ex-
ecutivee who have demonstrated potential for
filling positions of more general and senlor
management responsiblity In the future.
These men and women are sponeored by In-
dustry, government, and other organizations
(or they may apply Independently). Approxi-
mately one-third of the participant. selected
are from abroad. The 12-month Program, pro-
viding regular classroom work plus close con-
tact with business and govemment leaders
here and abroad, is taken In conjunction with
the regular graduate program and leads to the
degree of Master of Science in Management.

In 1975 the Sloan School initiated a Health
Management Option within the Sloan Fellows
Program, aimed at mid-career to senlor-level
health-care practitioners, educators, research-
oe, and administrators. These health profes-
sionals participate fully In all aspecta of the
Sloan Fellows Program.

MIT Program for Senior Executives

The Program for Senior Executives is an In-
tensive nine-week course of study designed
for the senior-level executive already In or pre-
paring for a position of major managerial re-
sponsibility. Enrollment In this non-degree
program, offered in the fall and spring of each
year, Is limited to groups of 50. A one-week
trip to Washington, DC, to visit policymakers in
the Federal government Is an Integral part of
the Program.

Inquiries

Detailed Information about those programs
may be obtained from the Executive Education
Programs Office, Room E52-126, Sloan
School of Management, MIT, Cambridge,
Massachusetts 02139, (617) 253-7166.



214

School of Science
Applied Biological Sciences Earth, Atmospheric, and

(Course 20) Planetary Sciences (Course 12)
Biology (Course 7) Mathematics (Courso 18)
Chemistry (Course 5) Physics (Course 8)

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 better appreciate
the world in which we live. Today we are in-
creasingly 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.

Training in science provides a firm basis for
many types of careers. Scientific training is not
only needed for teaching and research but
also provides an opportunity to enter many
other professions. Students with bachelor'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
technology, and technology has contributed
importantly to the advancement of science. At
MIT, the relationships between science and
technology are especially close and mutually
reinforcing.

The sciences and mathematics form an intel-
lectual continuum, but for administrative pur-
poses they are divided into six departments at
MIT. There are many Interrelatkns between
the programs of these departments, and the
interdepartmental laboratories help to form a
bridge between fields and to provide contact
with applications.

At MIT, the biological sciences are repre-
sented by a wide range of disciplines from cell
biology, microbiology, biochemistry, and bio-
physics, to food science and technology, me-
tabolism and human nutrition, toxicology, and
biochemical engineering. The biological sci-
ences have undergone tremendous changes
since 'he discovery of the structure of deoxyri-
bonucleic acid (DNA). The Center for Cancer
Research and the Cell Culture Center are In-
terdepartmental laboratories which are closely
related to the Department of Biology. The
Whitehead Institute for Biomedical Research is
affiliated with MIT, and its faculty members
hold faculty appointments In the Department of
Biology. The Clinical Research Center is an
Interdepartmental laboratory which is closely
related to the Department of Applied Biological
Sciences. The Whitaker College of Health Sci-
ences, Technology, and Management has joint
programs with the School of Science.

The physical sciences deal with the widest
range of physical phenomena - from the
shortest distances between particles Inside the
nucleus to the greatest distances over which
we loam of the structure and substance of the
universe from astronomy and astrophysics.
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In physics at MIT, the four main areas are as-
trophyi0e; experimental nuclear and pardole

i; sold statelaser, plasm, and atomic
physics; and nuclear and particle theory. A
rdeal of physics research Is carried out In

various Interdepartmental laboratories
lsted here.

In the Department of Chemistry, research and
education are carried out In organic, Inorganic,
physical, analytial, biological, and biophysical
chemistry, and in chemical physics. These si-d
enose are heavily Involved In Industry, and
many graduaes find their careers In applica-
tiona as well as In research.

The earth sciences Include geology, geochem-
Isy, geophysics and planetary science, and
meteorology and physical oceanography. The
Increased understanding of plate teolonics has
revolutionized our views of the past and our-
rent changes In the structure of the earth. The
Increased use of computers In atmospheric
and oceanographic models has revolutionized
our understandn of circulation. The Wallace
Asrophysal Observatory and the Wallace
Geophysical Observatory provide opportunities
for education and research, as do various in-
terdepartmental laboratories. The joint doctoral

poram with the Woods Hole Ocaoraphic
IniltmprovIds opportunities to be In

volved In oceanographic research.

Mathematics provides a base and language
for all types of researoh and Is an area of so-
tive research Itself In both the discovery of
new mathematics and In applying mathematics
In new ways to Important appled 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 mathemat.
los is conosmed the mathematial formu-
laons of , stablifty, optimization,
cybemetis, , and random processes.

The slience departments and the related In-
laboratories offer many oppor-

tunities for ud eus research through
the U Research Opportunities
Program. this program, students ob-
tsin firethaNd research experience In fields that
intereet them, and learn in a different environ-
ment from the classroom or Instructional labo-
ratory. The Undergraduate Seminar Program
provides study and assoolations with faculty
members In smaller and lees formal groups.

The School of Science also is Involved in pro-
vking parts of the education of under-

biand s o t Science
subjeds, Distdibution

P~sl, and Labonatory subjets.

Interdisciplinary laboratories and centers asso-
clated with the School Include the following:

Francis Nitter National Magnet Laboratory

Coll Culture Center

Center for Cancer Research

Center for Materials Science and Engineering

Center for Space Research'

C~nloal Research Center

Energy Laboratory

George Russell Harrison Spectroscopy
Laboratory

Haystack Observatory

Laboratory for Computer Slnce .

Laboratory for Nuclear Solence

Uncoln Laboratory

Plasma Fusion Center

Research Laboratory of Electronics

Whitaker College of Health Sciences,
Technology, and Management

Detaled descriptions of these laboratories and
coenters may be found In Chapter VI.

Offle of the Dean
Gene M. Brown, Ph.D
Professor of Bichnimry
Dean

4 4
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Department of Applied
Biological Sciences

Gerald Norman Wogan, Ph.D.
Professor of Tolooloy
Undrwood-Prect Professor
Head of the DePartment

Profseaor

John Francis Burke, M.D.
Professor of Experimental
surgery
(Visiling)

Charles Leland Cooney, Ph.D.
Professor of Chemical and
Biochemical Engineering

Arnold Lester Domain, Ph.D.
Professor of Industrial Microbiology

Samuel Abraham Goldbllth, Ph.D.
Professor of Food Science
Vice President, Resource
Development, Emeritus

Marcus Karol, Ph.D.
Professor of Food Engineering

Robert Samuel Langer, Sc.D.
Professor of Blochemical
Engineering

Robert Spencer Las, M.D.
Professor of Cardiovascular Disease

Richard Alan North, M.D., Ph.D.
Professor of Neuropharmacology

Nevin Stewart Scrimshaw, Ph.D.,
M.D., M.P.H.
Institute Professor

Anthony John Sinskey, Sc.D.
Professor of Applied
Mcroblog

Steven Robert Tannenbaum, Ph.D.
Professor of Toxicology and Food
Chemistry
Registration and Admissions Officer

William G. Thilly, SO.D.
Professor of Applied Biology

Daniel 1. C. Wang, Ph.D.
Chevron Professor of Chemical
Engineering
Director, Biotechnology Process
Engineering Center

George Wolf, D.Phil.
Professor of Physiological
Chemistry, Emeritus.
Senior Lecturer

Vernon R. Young, Ph.D.
Professor of Nutritional
Biochemistry
Associate Director, Clnical
Research Cenr

As e ProieM

John Martin Essigmann,Ph.D.
Associate Professor of Toxicology

Alexander M. Klbanov, Ph.D.
Associate Professor of Applied
Biochemistry

Michael Anthony Maretta, Ph.D.
Associate Professor of Toxicology

Cho Kyun Rho, Sc.D.
Associate Professor of Blomatdals
Science and Engineering

Aslsatant Profeesors

Marie B. Chow, Ph.D.
Assistant Professor of Applied
Biological Sciences

Renee Ann Flits, Ph.D.
Assistant Professor of Applied
Biological Sciences
Henry L. Doherty Professor In Ocean
UtiliatIon

Marsha Rich Rosner, Sc.D.
Assistant Professor of Toxicology

Adjunct Professor

Hamish Nisbet Munro, M.B., D.Sc.
Adjunct Professor of Physiological
Chemistry

Senior Lecturers

Charles S. Davidson, M.D.
Edward S. Josephson, Ph.D.
Charles J. Kensier, Ph.D.

Lecturers

Sanford Arthur Miller, Ph.D.
William Madden Rand, Ph.D.
Christophe Riboud, Ph.D.
Israel A. Saguy, Ph.D. (Visiting)
Frederick Schoen, Ph.D., M.D.
Bernard Yon, Ph.D.
Steven Zaissl, M.D., Ph.D.

Administrative Officer

Lydia S. Snover, M.B.A.

Senior Research Sotentlat

Mary 0. Amdur, Ph.D.

Resrh Scientlete

TIm Ahem, Ph.D.
Andrew 0. Braun, Ph.D.
William Fisher Busby, Ph.D.
Lung Chi Chun, Ph.D.
William Diet, M.D., Ph.D.
Paul Siper, Ph.D.
John Sherman Wlshnok, Ph.D.
John Williams, Ph.D.
Judith Hirschhorn Wurtman, Ph.D.

Research Associats

Hua-Fuan Lam, Ph.D.
Patricia Miller, Ph.D.
Nadine Solomon, B.A.

Postdoctoral Asaolatee

Ashis Basu, Ph.D.
Wiliam Beer, M.S., Ph.D.
Kang Chol, Ph.D.
Marie Constantini, Ph.D.
Chades Couet, M.D.
Eugenia DogliottI, Ph.D.
Abraham Domb, Ph.D.
Marit Dosanjh, Ph.D.
Terry Featherstone, Ph.D.
Naomi Fukagawa, M.D., Ph.D.
Uang-Shang Gan, Ph.D.
Victor Garcia, Ph.D.
Su-Er Huskey, Ph.D.
Thomas John, M.B.B.S.
Sunil Kadam, Ph.D.
Phouthone Keohavong, Ph.D.
Kim Krumhar, Ph.D.
Byong Kwon, Ph.D.
Michael Lacey, Ph.D.
Elizabeth Leibold, Ph.D.
Wolfgang Lisbel, Ph.D.
Alexey Margolin, Ph.D.
Misao Miwa, Ph.D.
Barbara Muller, Ph.D.
Cloudy Mullon, D.Sc.
Guy Page, Ph.D.
Oliver Patrick Peoples, Ph.D.
Jack Rogers, Ph.D.
Barbara Sanderson, Ph.D.
Norman Shepphard, Ph.D.
Michael Wildschutte, Ph.D.

Profes Emerm

Paul Medford Newborns, D.V.M.,
Ph.D.
Professor of Nutritional
Pathology, Emeritus

John B. Stanbury, M.D.
Professor Mf Experimental Medicine,
Emeritus
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Department of Applied
Biological Sciences
(Course 20)

Undergraduate Study

Research in Applied Biological Sciences re-
quires persons with multidisciplinary training In
mathematics, physics, chemistry, and modem
biology. Because many MIT undergraduates
are well prepared In the fundamentals of sci-
ence and engineering, faculty members are
able to offer them responsible positions In the
Department's major research efforts. As part
of their involvement, students train In the ex-
peimental method (not generally available in
single-term laboratory courses) and develop a
deeper understanding of strategy and tactics
in modem research and research manage-
ment. Students graduating from Course VII-B
go on to medical or graduate schools, and
then to careers In medicine, academic and in-
dustrial research, or government service.

In fact, undergraduate research training in di-
rect asociation with the faculty, whether In
theses, special projects, or UROP, is the hall-
mark of the Department's contribution and'
commitment to undergraduate education at
MIT.

The research programs of the Department
have three broad targets: 1) Understanding
the relationship between exposure to chemi-
cals and human disease; 2) Understanding
the organization and behavior of neural and
metabolic regulatory systems in humans and
experimental animals; and 3) Engineering ml-
crobes, enzymes, and materials for use in de-
veloping biologically active products or
medically useful devices.

Eight faculty share responsibility for education
in toxicology and participate in a series of in-
terrelated research programs with the common
aim of identifying which of the myriad chemi-
cls to which humans are exposed daily have
Significant effects on human health. The pro-
gram has an emphasis on carcinogenesis and
genetic disease. Research projects focus on-
cell surface phenomena and control of cell
division, as well as the processes of mu-
tagenesls.

Six faculty are engaged In studies of neural
and/or metabolic control In experimental mam-
mals or humans. Special emphasis Is given to
the role of dietary factors in health and
disease.

Eight faculty have strong research programs in
biotechnology - devising Improved means of
drug delivery; applying fundamental concepts
of chemical engineering from bacterial to hu-
man celi production systems; and using mod-
em techniques in organic chemistry and
molecular biology to create more useful bio-
logical products such as Immobilized en-
zymes, diagnostic reagents, and viral
vaccines.

Undergraduates enrolled in Course Vil-B, Ap-
pled Biology currdculum, and students in other
Departments with a strong intsrest In obtaIning
significant research experience in blotechnol-
ogy and biochemical engineering, toxicology,
pharmacology, or neural and metabolic regula-
tion are encouraged to visit the Department's
Student Office (Room 16-330) for guidance or
to contact faculty directly for advice.

Curriculum In Applied Biology - Course
VI-11

The curriculum in Applied Biology emphasizes
fundamental subjects in the physical and bio-
logical sciences as preparation for careers In
the biotechnology and pharmaceutical indus-
tries, education, medicine, or in the continuing
national effort toward providing a healthful en-
vironment. Our faculty shares responsibility for
teaching biology core subjects, such as go-
notics and physiology. Special emphasis Is
placed on research experience In faculty labo-
ratories. The required laboratory, 20.002, is
specifically designed to prepare MIT under-
graduates to enter biological research lsbzra
tories during their sophomore year. Wh'Ae
requiring only 24 units of research (which may
lead to a S.B. Thesis), most undergraduates
work for three or more terms, plus one or two
summers on their independent research
projects.

Students should use their elective courses for
more advanced subjects offered in this De-
partment (such as Human Physiology, Phar-
macology and Toxicology, Mechanisms of
Pathogenesis, Control of Cellular Metabolism,
General Toxicology, Physical Chemistry of
Blomaterials, and Biotechnology) and for addi-
tional study In basic subjects offered in other
departments. Serious students should con-
sider several subjects beyond the minimum
requirements, such as Differential Equations
18.03, Waves and Optics 8.03, a third term of
Organic Chemistry (5.43), computer program-
ming, and additional topics In physical
chemistry.

Studente who take 5.11 to satisfy the General Institute
Requirement In phemisty must take 12 additional unite of
Unrestricted Electives.
2
A graduate subject from t followin list may be substituted
for one or these subects: 20.112, 20.S11J, 20.811, 20.734,
20.801.
3
Compilton at Vt requiremen involves a Written report for
20.011='2.012, ore aheels for 20.ThU.

Bachelor of Solence In- LIfI Solenoes
Course VII-U
Applied Biology Curriculum

Degree requirements applicable to the Class
entering MIT In September 1986 (Class of
1990) and subsequent Classes:*

enal siunte RequIements 1? subIsoe

Science Requiement 5
Humane, As, and Social Sciences
Requirement 
Science Oetribution Requirement (2 subiets can be saened
by 5.60 and 7.08 In the Departmental Program)
Laboratory Requrement loan be sad by 20.002 In te
Depa-niena Progm]

TOTAL Subleft 17
PLUS

ePeR1tmnental program unt

s W namee betw are tW by coe wt,
and by PWreequeN any (boraquelt In aft)
Requird Sub56ea:

5.11 . Propleof chemical Scenca,1 12
5.12 Organic Chemistry , 12; 5.11
5.13 Organic Chemietry 11, 12
5.60 Chemical Thermodynamica, 12: =2
7.01 General Siology, 12
7.05 General Blochemietry. 12; 5.12
7.05 Cell and Molecular Slology, 12; 7.03, 7.05

18.05 Introduction to Probability and Statistics, 12;
16.001 or 18.01 or 18.011 or 18.012

20.002 Laboratory in Applied Beology, 15
20.025J Genetics, 12

Ru trotd Eleetives:
Too of Me a"p seven e eas:'

7.06 Metazoan Cell Biology, 12; 7.01 or 7.05
721 Microbial PhysIology, 12; 7.05
7:71J BlOhy"le ChemnIstry, 12; 5.60, 7.05

20.008 Chmls and Human .sase, 12
20.022J Human Physiology, 12; 7.05
20.024 Pharmacology and Toxicology, B; 5.42, 7.05
20.026 MechanIems of Pathogeneels, 12; 7.06, 7.03

Pus
24 unite of research, ether a Jtter-grade
UROP (20.011 and 20.012) or s Course 20
undergraduate theels (20.ThU).3

121

4s

unit In ospartment~al program that eaey the
General Insttute Requbemente (as)

unreetoled letives 45

Total unite Required for the S.5. Degree SeIad the
Om af nlte Requh mie In

'rhe degree requirments applicable Mo Clases tha entered
MIT plor t; September 16aea given at fte nd of the
deecripdor, of the departmenr's undergraduate program.

S~ I ' I
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Graduate Study

Bachelor of Solence in Life Solences
Course VI-e
Applied Biology Curriculum

Degree requirements applicable to Classes
that entered MIT prior to September 196
(through the Class of 1989):

aeneral nulI"k "hpemente TOl une

Solence Requinrment 60
HuManN. Art and Social solenoe

eA*~ement 72
-nw Science OlWuon Requirement can be
edeened by 5.11, 5.60, and 7.06 In the
D e" ' Pm'am.
The tboatory Requfnent am be sued
by 20.002 in the Depai ental Program.

n Pre'nra

s8or namee beare WowWd by cre wunt,
Wn byprereqalsee if any (oreqWuf In ft")

equnied subleete: 110
5.11 Principles of Chemical ScIence, 12
5.12 OrganIc Chemity 1, 12; 5.11
5.6O chemical Thermodynamice, 12; 1M02
7.01 General BIology, 12
7.05 General slochemehy. 12; 5.12
7.06 Cal and Molecular slology. 12; 7.03, 7.05

18.06 introducon to Protbabity and Stateatce, 12;
18.001 or 16.01 or 16.011 or 18.012

20.002 Itaory In Appled BIology, 14
20.025J Gene", 12

nuerme. Siene
Three of OW folon e al juWe:l
7.06 Wmaen CeW So, 12; 7.01 or 7.06
7.21 M~cobWa Ptiyab"og, 12; 7.06
7.71j Ilophyeloel Chemletry, 12; :5.0. 7.06

20.022J Human Phyalology, 12; 7.06
20.024 Phamnacology and Toxclology, 9; 5.42, 7.06

24 unilt of reeero, eWWher U ltter-grade
UnOP (20.011 and 20.012) or as Courne 20
undergraduate theele (20.ThU).2 24

Ueettned ese te ts

TOWa Ufft Rqu*re for te 5.3 DegeeM0

The Department of Applied Biological Soi-
ences offers graduate work leading to the
Master of Science, Doctor of Philosophy, and
Doctor of Science In a wide range of fields as
Indicated by the detailed subject descriptions
In Chapter Vill. Advanced work may be pur-
sued In the following areas:

Blotechnology. The program In Blotechnol-
ogy prepares students for careers In research
Involving the application of modem biology,
biochemistry, and engineering to problems In
the production of chemicals, foods, and me-
dicinal agents.

The objective of the Biotechnology program Is
to provide broad training In microbiology, biol-
ogy, blochemistry, and engineering. The pro-
gram combines course Instruction In these
subjects with experimental applications to re-
search problems.

Formal course work for the doctoral degree
centers on the core Biotechnology courses
with appropriate supporting course work from
the Departments of Applied Biological Sci-
ences, Chemical Engineering, Biology, and
Chemistry.

Blochemical Engineering. A program in Bio-
chemical Engineering Is offered leading to the
Master of Science and doctoral degrees. Inte-
gration of studies In biological sciences with
engineering is emphasized, with particular at-
tention to industrial microbiology and fermen-
tation processes. Research projects In
Biochemical Engineering Include: continuous
culture of microorganisms, microbial utilization
of renewable resources, enzyme production
and enzyme technology, mammalian tissue
cultures, use of molecular genetics to improve
Industrial microorganisms, performance char-
acterization of polymers and biomaterals, and
drug delivery techniques.

Toxicology. A program Is offered leading to
the Master of Science and doctoral degrees.
The multidisciplinary training program consists
of fundamental course work In biology and
chemistry followed by courses in toxicology at
molecular and cellular levels. Typical research
areas Include: chemical carcinogenesis; tumor
promotion; metabolism of drugs, chemical car-
cinogens and other toxins; development of ap-
proaches to the direct measurement of
exposure to toxic agents in humans; and
structural elucidation of chemically modified
DNA and Its relationship to genetic change In
bacteria and human cells.

Neural and Endocrine Regulation. A pro-
gram Is offered which leads to the Master of
Science and doctoral degrees In Neural and
Endocrine Regulation. The program provides
graduate students with an opportunity'to ac-
quire a broad background in physiologic and
metabolic regulation, and a detailed knowl-
edge of brain function in mammals. Its princi-
pal objective Is the training of independent
basic-science and clinical Investigators who
explore the mechanisms by which the brain
and endocrine system maintain homeostasis,
control endocrine and reproductive function,
and mediate the responses of the body to
environmental inputs. The program offers ad-
vanced study In the fields of neuroendoorinol-
ogy, neuropharmacology, neurochemistry, and
psychopharmacology.

Nutritional Bilochemitry and Metabolism.
This program leads to the Master of Science
and doctoral degrees. It trains graduate stu-
dents In biochemistry and physiological chem-
istry as these apply to metabolic and
nutritional problems in normal and pathological
states. Research projects In this area include:
regulation of protein synthesis and turnover,
validation of tracer techniques using radioac-
tive and stable isotopes for metabolic and nu-
trtional studies, and nutrition and drug
treatment of hyperipoprotelnemia.

Entrance Requiraments for Graduate Study

To qualify for graduate study In the Depart-
ment, an applicant should have a Bachelor's
degree In science or engineering, or a profes-
sional degree such as the M.D. or D.V.M. In
addition to the General Institute requirements
outlined in Chapter IV, the following subjects
are required: 8.01, 8.02 (Physics I &1l); 18.01,
18.02 (Calculus I & II): and two terms of Or-
ganic Chemistry. The Graduate Record Exam
(GRE) is also required of all applicants.

A graduate ubIeol from the d ocoing let may be Subetuted
o one of #eesfive tosubeot: 20.112, 20.511J, 20.611,

20.784, 20.801.
2
completon of Ile requIrement Involvee a witen report for
20.01120.012, or a theel for 20.ThU.
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Master of Soience

The S.M. degree is awarded In Applied Bio-
logical Sciences and In Biochemical Engineer-
Ing. The requirements for the S.M. In Applied
Biological Sciences Include the following De-
padmental entrance subjects - 20.025J or
7.06, 5.60 or 10.13, and 7.05 or Advanced
Biochemistry course; the following core
courses - 20.111 Analytical Practices In Sio.
ciemIstry, 20.112 Control of Cellular Metabo.
11m, and 20.113 Pdnciples of Applied Biology;
and at least two 'A' ievelective graduate
courses.

Departmental entrance subjects for the S.M. In
Blochemical Engineering are the same as
those listed for the Applied Biological Sciences
program, plus 10.301. Core courses include
20.811J Biochemical Engineering, 20.812J
Biochemical Engineering Laboratory, 20.821
Industrial Microbiology, and 20.822 Industrial
Microbiology Laboratory. Students must also
take at least three elective subjects from a
designated group of courses. A total of 68
subject units (42 of which must be 'A' level) is
required for the S.M. Both S.M. programs re-
quire a thesis of at least 24 units, carried out
under the direction of a Departmental faculty
member.

Doctor of PhIlosophy and Doctor of
Solence

The requirements for the Ph.D/Sc.D. In Ap-
plied Biolgical Sciences are similar to those
for the S.M., except regarding electives. Doc-
toral students must take at least four courses
In an area of specialization which are to be
determined In consultation with the advisor.
The course requirements for the Ph.D./Sc.D.
In Biochemical EngineerIng ar identical to
those for the S.M. Both programs require an
original thesis.

Written doctoral qualifying and general exami-
nations, taken during the second year of grad-
uate study, establish competence with
reference to a basic scientific background as
well as In specialized areas of knowledge re-
lated to the specific degree programs. The
written examination is followed by an oral pre-
sentation and defense of a research proposal
on which the thesis research Is to be based.

Thesis research is done under the supervision
of faculty members In the various areas of
specialization described above. Research
progress is evaluated periodically by the thesis
advisory committee, which also hears tle stu-
dent's oral defense of the completed thesis.

The written general examination for students
in Biochemical Engineering is prepared by fac-
ulty members from the Departments of Applied
Biological Sciences, Biology, and Chemical
Engineering. Faculty members from these de-
partments also make up the thesis committee
for students in Biochemical Engineering.

Aselatantehips and Pellowships

Financial assistance is available to qualified
applicants In the form of research assistant-
ships, tralneships, and a limited number of
fellowships, subject to avalability of funds. Re-
search assistantships are provided from grants
obtained by members of the faculty for work
on specific research projects.

Inquirles

Additional information conceming academic
programs, research activities, admissions, fi-
nancial aid, assistantships and fellowships
may be obtained by writing to Student Office,
Department of Applied ical Sciences,
Professor Steven R. Tannen um, Room 18-
330, MIT, Cambridge, Massachusetts 02139,
(817) 253-5604.
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Department of Biology

Maurice Sanford Fox, Ph.D.
Lar Wolfe Professor of Molecular

Head of the Department

Richard Olding Hynes, Ph.D.
Proessor of Biology
Associate Department Head

Pr oler

David Baltimore, Ph.D.
Proeshsor of Microbiology
Director, Whitehead institute for
Biomedical Research

David Boletein, Ph.D.
Profseor of Genetics

Gene M. Brown, Ph.D.
Profsesor of Biochemistry
Dean, School of Science

John Machlin Buchanan, Ph.D.,
D.Sc.
John and Dorothy Wilson Profeseor
of Biochemistry

HermanNathaniel Eisn, M.D.
Whitehead Initute Professor
of Immunology

Gerald R. Fink, Ph.D.
Professor of Genetics
American Canw Society
Research Professor of Genetics
at the Whiteheed Institute
for Biomedical Research

Malcolm Lawrence Gefler, Ph.D.
Professor of Biochemistry

Nancy Haven Hopkins, Ph.D.
Profesaor of Biology

H. Robert Horvitz, Ph.D.
Professor of Biology

David Even Housman, Ph.D.
Professor of Biology

Vernon Martin Ingram, Ph.D.,
D.Sc.
Professor of Biochemistry

Rudolf Jasniech, M.D.
Professor of Biology

Har Gobind Khorana, Ph.D.
Afred P. loen Professor of
Biology and Chemistry

Jonathan Alan King, Ph.D.
Professor of Biology

Jerome Yrasl Lettvn, M.D.
Professor of Communications
Physiology and Electrical and
Bloenginesring

Harvey Franklin Lodish, Ph.D.
Professor of Biology

Irving M. London, M.D.
Grover M. Hermann Professor of
Health Sciences and Technology
Professor of Biology and Medicine

Salvador Edward Lurla, M.D., D.Sc.
Institute Professor, Emeritus

Boris Mage., Ph.D.
Jacques ModProlseor
of Microbiology

Mary Lou Pardue, Ph.D.
Professor of Biology

Sheldon Penman, Ph.D.
Professor of cel Biology

Uttam Lal RaIBhandary, Ph.D.
Professor of Biochemistry

Alexander Rich, M.D.
Professor of Biophysics
William Thompson Sedgwick
Professor of Biology

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.
Professor of Blochemistry and
Biophysics

Phillip Allen Sharp, Ph.D.
Class of 1941 Professor of Biology
Director, Center for
Cancer Research

Ethan Royal Signer, Ph.D.
Professor of Biology

Frank Solomon, Ph.D.
Professor of Biology

Usa Amelia Steiner, M.D.
Professor of Immunology

Susumu Tonegawa, Ph.D.
Professor of Blology

Annamaria Torriani, Ph.D.
Professor of Biology

Alexander Jacob Varshavsky, Ph.D.
Professor of Biology

Graham Charles Walker, Ph.D.
Professor of Biology

Christopher Thomas Walsh, Ph.D.
Professor of Chemistry and Biology
Unoas and Helen Whitaker Professor
In the Whitaker College
Head, Department of Chemistry

Robert Allen Weinberg, Ph.D.
Professor of Siology

Associate Profmesr

Leonard Pershing Guarente, Ph.D.
Associate Professor of Biology

Monty Kdeger, Ph.D.
Associate Professor of Molecular
Genetics

Ronald Davies Graham McKay, Ph.D.
Edward J. Poltras Associate
Professor In Human Biology
and Experimental Medicine

Richard Charles Mulligan, Ph.D.
Associate Professor of Molecular
Biology

William G. Quinn, Ph.D.
Associate Professor of Neurobiology

Robert Thomas Sauer, Ph.D.
Associate Professor of Biochemistry

Assistant Professors

Steven J. Burden, Ph.D.
Assistant Professor of Biology

Brent Hartman Cochran, Ph.D.
Assistant Professor of Biology

Paul Thomas Matsudaira, Ph.D.
Asistant Professor of Biology

Barbara Jean Meyer, Ph.D.
Whitehead institute Career
Development Assistant Professor
of Biology

David Henri Raulet, Ph.D.
Assistant Professor of Immunology

Donald C. Rio, Ph.D.
Assistant Professor of Biology

H. Earl Ruley, Ph.D.
Assistant Professor of Biology

Hee-Sup Shin, M.D., Ph.D.
Assistant Professor of Biology

Richard Allen Young, Ph.D.
Assistant Professor of Biology

Lecturer

Erika A. Hartw"ag

Adminsltrative Officer

Cynthia D. Kowal, B.A.

Assistant to the Department Head

Mail K. Ahlquist, B.A.

Operations Adminlatrator

Thomas A. Lynch

Senior Research Associate

Daniel H. Levin, Ph.D.

Senior Research Solentist

Andrew H-J. Wang, Ph.D.

Principal Research Solentists

Gary J. QuIgley, Ph.D.
Joan Lucia Suit, Ph.D.

Research Scientists

Duncan Richard Paton, Ph.D.
Leon G. Shiman, Ph.D.
Arlene R. Wyman, Ph.D.

Postdoctoral Associates

Alison Adams, Ph.D.
Gary Barsomilan, Ph.D.
John Bettista, Ph.D.
Christopher Bazinet, Ph.D.
William G. Bendena, Ph.D.
Timothy Bostor, Ph.D.
Martins Boersch-Supan, Ph.D.
Julian F. Bond, Ph.D.
Frank Boachelli, Ph.D.
Caroline A. Breltenberger, Ph.D.
Katherine M. Call, Ph.D.
Clare Chatot. Ph.D.
Caroline Donnally, Ph.D.
Harold J. Drabldn, Ph.D.
Edward 0. Fey, Ph.D.
Daniel J. Finley, Ph.D.
Thomas Friedrich, Ph.D.
Daniels S. Gerhaid, Ph.D.
Mark R. Heller, Ph.D.
Tsal-Hela Hong, Ph.D.
Yun-Pung Hsu, Ph.D.
Parmjlt S. Jet, Ph.D.
Kendall L. Knight, Ph.D.
JoneLong Ko, Ph.D.
David M. Kranz, Ph.D.
Avraham Laban, Ph.D.
Pamela Larsen, Ph.D.
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Department of Biology
(Course 7)

Undergraduate Study

Yen U, Ph.D.
Susen Long, Ph.D.
Mary F. Lope, Ph.D.
Keil1 Maid., Ph.D.
Thisn J-P Marcel, Ph.D.
Kanuo Maruyama, Ph.D,
Carols A. Mkorysk, Ph.D.
Kelley W. Moremen, Ph.D.
Alexander Ninfs, Ph.D.
Pamela Norton, Ph.D.
Peter Orson, Ph.D.
Lawrence J. Peck, Ph.D.
Pdler Prevollge, Ph.D.
N, Nerayana Roo. Ph.D.
Unda S. Red, Ph.D.
Edward Raly, Ph.D.
Regina M. Rey, Ph.D.
Lawrence J. Rezer, Ph.D.
Bruc Leo Ro, Ph.D.
Syamal Roy, Ph.D.
Jean Schwambsuer, Ph.D.
John M. Sedvy, Ph.D.
Nava 4egev, Ph.D.

Muth , Ph.D.
Mary Ann ,1p Ph.D.
Judith L. Toffenetl, Ph.D.
Suh-der Teen, Ph.D.
Robert J. Villafane, Ph.D.
Philip A. Wendler, Ph.D.
Mary E. White-Scharf, Ph.D.
Michael L. Woodruff, Ph.D.

Presesore Emerit

Eugene Bell, Ph.D.
Professor of Biology, Emeritus

Bemard Sidney Gould, Ph.D.
Professor of siochemstry,
Emeritus

Salvador Edward Luria, M.D., D.Sc.
Institute Professor, Emeritus

Francis Otto Schmitt, Ph.D., So.D.
Institute Professor, Emeritus
Professor of Biology, Emeritus

Irwin Whiting Sizer, Ph.D.
Professor of Slochemler,
Emeritus

The Department of Biology offers u nderradu-
ate, graduate, and postdoctoral training n
basic biology, and in a variety of biological
fields of specialization. The quantitative as-
pects of bology, Including molecular biology,
biochemistry, genetics, and cell biology, repre-
sent the core of the program. Students In the
Department are encouraged to acquire a solid
background In the physical sWoences not only
to master the applications of mathemads,
physics, and chemistry to biology, but also to
develop an Integrated scenfic perspective.
The various programs; emphasiting practical
experimentation, combine a minimum of for-
mal laboratory exercises with ample opportuni-
ties for research work both in project-oriented
laboratory subjects and In the Depirtment's
research laboratories. Students at all levels
are encouraged to acquire familiarity with ad-
vanced research techniques and to participate
In seminar activities.

Sachelor of 6elence In Life Solenoes
Course V1i

Two programs are offered leading to the
Bachelor of Science In f0 ciences. The cur-
rlculum Is designed to prepare students for a
professional career In the area of the biologi-
cal sciences. Graduates of this program are
well prepared for positions In industrial or re-
search Institutes. However, experience has
shown that most graduates probably will
choose to continue their education at graduate
schools In order to obtain a Ph.D. In bioohem-

aor , fdowed rch or
teaching in one of these areas. under-
graduate curriculum Is also excellent prepara-
tion for students who wish to continue their
education toward an M.D., particularly if their
career plans include leboratory Investigations
beaing on human disease.

Bachelor of Sclence
Course VII-A

Course VII-A Is designed for students who
wish to obtain a background In the ife si-
ences as preparation for careers without labo-
ratory research such as medicine, graduate
study of peycho" , or management studies.
This program, leading to the S.B., does not re-
quire 18.05 or a 24-unit laboratory subject,
and allows 96 units In unrestricted electives so
that students can plan tHeir programs to suit
their particular goals. Further detais may be
obtained from the Department.

Bachelor of Science In ife Sciences
Course VII-B

The curriculum of Course VII-B offers special-
ization In Applied Biology. Students electing
this area should consult with the Department
of Applied Biological Sciences before regletra-
tion. Although 5.311 Introductory Chemical Ex-
pedmentation Is not a Departmental
Requirement, it Is particularly useful for stu-
dents whose Interest Is In blochemietry; it may
also be required for admission to medical
school. As part of their elective programs, stu-
dents are encouraged to enroll in the more
advanced subjects offered by the Department.
The details of the curriculum requirements for
Course VII.B, Applied Biology, are given under
the Department of Applied Biological Sciences
In this chapter.

Additional Information regarding undergradu-
ate academic programs, research opportuni-
tis, admissions, financial aid, etc., may be
obtained from Biology Headquarters, Under-
graduate Secretary, Room 86-511, MIT, Cam-
bridge, Massachusetts 02139, (617) 253-4701.
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Graduate Study

Bachelor of Soience In Life Bolenose
Course ViI

Degree requirements applicable to the Class
entering MIT In September 1988 (Class of
1990) and subsequent Classes:*

Gense ineutefts Wekements 17 Suiseots

science Requirement S
Humanities, Asa, and Social sciences
Requirement a
Science ostrfbution Requirement (2 subjects can be satiafed
by 5.12 and 7.01 In the Departmental Program.] 3
Laboratory Requirement (can be satlified by 7.011 in the
Departmental Program), I

TOTAL Sublecta 17
PLUS

D -rNta Prerm UnIte

Suoler name. below are billowed by ad unit'
and by prerequisie It any (corequisite in iac)
Requred sublets: 111

5.11 Principles of Chemical ScIence, 12
5,12 OrganIc Chemistry 1. 12; 5.11
5.60 chemical ThermodynamIcs. 12; 18.02
7.01 General Biology. 12
7.011 introduction to Expedmental Biology, 15; 7.01 or

7.05
7,03J GenetIcs. 12
7.05 General Blochemistry, 12; 5.12
7.08 Coll and Molecular Biology, 12; 7.03J, 7.05

18.06 Introduction to Probaby snd StaistIcs, 12; 18.01

Restritoed leotlvee: so
Three 12-unit subjecte offered by the
Department o Biology for which 7.03
andlor 7.05 we prerequisies.
One of tMe Vowng three xubjecte:
7.031 Experimental Microbial Genetics, 24; 7.011
7.15 Expermntal Molecular slology: Bioltechnology 1,

24; 7.011, 7.02U, 7.05
7.16 Expmet Molecular ology: Biotechnology 11,

24; 7.011, 7.03J, 7.05

unt In DeWatental Program tha also e@1y the
eal whut u equkomna

Bachelor of Science In Life Soleness
Course VII

Degree requirements applicable to Classes
that entered MIT prior to September 1986
(through the Class of 1989):

General itettute Neqiremente Total Unte

science Requirement so
Humanities. Arts, and Social Sciences
Requirement 72
Science Distabuion Requirement can be
satisfled by S.11, 5.12, and 7.01 In the
Departmental Program.'
Laboratory Requirement can be satisfled
by 7.011 in the Departmental Progrm.

Departmental Pmrom

8u*e names beow ar Wowed by cre units
and by prerequeits any (corequtes In Iancs)
Required Suleloe: 110

5.11 Principles of Chemical Science, 12
5.12 organic chemigry 1, 12; 5.11
5.60 Chemical Thermodynamics, 12; 18.02
7.01 General Biology, 12
7.011 Introduction to Experimental Biology, 15; 7.01 or

7.05
7.03J Genetics, 12
7.06 General Blochemistry, 12; 5.12
7.08 Cell and Molecular BIology, 12; 7.03J, 7.05

18.05 Introduction to Probability and Stalltiatc, 12; 18.01

Restricted lellives: so
Three 12-unit subjects offered by the
Department of Biology for whic 7.03
and/or 7.05 are prerealtee.
One Of It AWlowtrv three Sub~ecft.
7.031 Experimental Microbial Genetios, 24; 7.011
7.15 Experimental Molecular Biology: Biotechnology 1.

24; 7.011, 7.03J, 7.05
7.16 Experimental Molecular Biology: Biotechnology 11,

24; 7.011, 7.03J. 7.05

un rN ed is eoo#w so

Total unite Required tor the 6.3. Degree 362
(80)

unre oted meo110ee 46

Totl Units Required for the 8.1, Dege eyond the
Ge- S into--It um Iso

'The degree requirements apploale to Clasaee that entered
MIT pdor to September 1988 ae given at the end of the
deecripion of th departments undergaduate progmn,

1.
Either 7.011 or 5.311 seaiese the Instiute Laboratory
Requirement. However, both or their equivalent we required
In order to stsly medical school entrance requirements.
20.002 may be substuted for 7.011.
2
Students who tale 5.11 to uil the General Instiute
Requirement for Chemisty must take 12 additional unite of
Unreeutcted Eives.

Students who take 5.11 to fulfill the General Institute
equirement or Chemistry must lake 12 additional units of

Unrestricted Electives.
2
Either 7.011 or 5.311 sastlfies the Institute Laboratory
Requirement. However, both or their equivalent are required
In order to saftfy medical school entrance requirements.
20.002 may be substiuLed for 7.011.

The Department of Biology offers graduate
work leading to the Doctor of Philosophy.
Study may be pursued In the following fields
of specialization.

Blochemistry. - the study of enzyme cataly-
sia, and the chemical properties of proteins,
carbohydrates, complex lpids, nucleic acIds,
and protein-nucleic acid complexes. Methods
of analysis Include gone cloning, the use of
genetic variants, synthetic substrates, and
transition state analogs. Specific areas of
study include the chemistry of oncogenes, the
mechanism of RNA splicing, analysis of cyto-
skeletal proteins, the chemistry of blood coag-
ulation, the mechanism of Ion pumps and
photoreceptors, and the role of complex car-
bohydrates In cell surface function and protein
compartmentalization.

Genetios/Microblology. - genetic analyses
of fundamental problems In bacteria bacterio-
phage, viruses, and yeast. Areas of specific
interest include protein secretion, DNA trans-
position, protein turnover, DNA synthesis and
repair, mechanisms of genetic recombination,
and electron transport in mitochondria. More
complex problems under study are: cellular re-
sponses to stress, plant-bacterIal Interactions,
high-resolution structure-function studies of
proteins and tRNAs, and the control circuits
regulating gene expression. A new area of
study is the application of high-resolutlon mo-
lecular techniques to problems in human ge-
notics.

Cell Biology. - molecular biological, genetic,
and cell biological analysis of eukaryotic cells.
The specifl7 areas of research include the or-
ganization, expression, and requlation of-eu-
karyotic genomes; the structure and function
of membranes and cytookeletons; the molecu-
lar basis of cellular structure, organization,
proliferation, and movement; the differentiation
and functions of specialized cell types; and the
molecular basis of various diseases.

Biophysical Chemistry and Molecular
Structure - studies of the principles that un-
derlie the folding, stability, molecular design,
and assembly of proteins and nucleic acids.
Analysis of molecular structure by X-ray crys-
tallography and NMR. Specific areas of oon-
centration include the study of genetic
strategies for enhancing the stability, ligand af-
finity, 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 cytoakeletal s-
sembly
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Developmental BIology - the cellular, ge-
netic, and molecular mechanisms responsible
for 1) generating the diversity of cell types
that arise during development and
2) controlling the ways In which cells Interact
to produce organ system and whole organ-
Isms. These problems are studied using verte-
brates (birds, amphibians, mammals),
Invertebrates (nematodes, sea urchins, fruit
flee) and plants (Arabadopabs). Specific topics
of Interest Include the regulation of gene
expression, cell Interactions, cell lineages, cell
migrations, and the mechanism of sex deter-
mination.

Immunology - the study of the genetic, cel-
lular, and molecular mechanisms underlying
the exquisite sensitivity and specificity of the
Immune system. The immunology group stud-
lee the chemistry of antigen-andbody and anti-
gen-T call receptor interactions, using the
tools of molecular biology as well as classical
Immunological approaches. Of particular Inter-
est Is the role of Idlotypic and cellular Interac-
ions In the regulation of the Immune system
as studied by organ culture, hybridoma tech-
nology, and the behavior of tranagenic mice.

Neurobiology. Neurobiology is an area of re-
cent emphasis In the Department. We cur-
rentiy offer a course In general neurobiology,
supplemented by a seminar seies and an In-
ter-laboralory jouma club. The emphasis here
is molecular, primarily using oell-biological, de-
velopmental, and gentio approaches. Present
areas of research Interest Include the molec-
ular determinants of neuronal diversity and
shape; of oel-adhesive, cell-Inductive, and
synaptic interactions; and the genetic and mo-
lecular 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.
Deficiencies In any of these subjects may be
removed while enrolled in a graduate program.

Doctor of Philosophy

The General Institute Requirements for the
Doctor of Philosophy are listed In Chapter IV
on Graduate Education. There are no specific
Departmental programs for the degree, since
the subjects required vary with the field of
specialization. Students select their own pro-
grams, according to certain broad principles,
after consultation with the Graduate Commit-
tee of the Department.

Joint MIT-Woods Hole Oosanographlo
institution Program
Course VII-W

Biological Oceanography. MIT and WHOI
administer a joint program In biological ocean-
ography leading to a jointly awarded Doctor of
Philosophy. For details of this program, see
Joint Program in Oceanography and Oceano-
graphic institution, at the end of this chapter.

Teaching and Research Aselstantehips

A number of qualified students are appointed
each year as teaching or research assistants.
Research assistants may be permitted to use
the results of their assigned research work In
graduate theses, with the possible accelera-
tion of their programs. In addition, a number of
predoctoral and postdoctoral felowships are
available In cell biology, microbiology, physiol-
ogy, biochemistry, and biophysics.

inquiries

Additional information regarding graduate sca-
demic programs, research activities, admis-
sions, financial aid, and assistantships may be
obtained from Biology Headquarters, Graduate
Secretary, Room 56-511, MIT, Cambridge,
Massachusetts 02139, (617) 253-4701.

A



Department of Chemistry

Christopher Thomas Walsh, Ph.D.
Professor of Chemistry and Biology
Uncee and Helen Whitaker Professor
In the Whitaker College
Head of the Department

Preseors

Robert Amold Alberty, Ph.D.,
S.D.
Professor of Chemistry

Glenn Allen Berchtold, Ph.D.
Professor of Chemistry

Klaus Blemann, Ph.D.
Professor of Chemistry

George Hermann 80chi, 0.Sc.
Camille Dreyfus Professor of
Chemistry

Alan Davison, Ph.D.
Professor of Chemistry

John Mark Deutch, Ph.D., S.D.
Arthur C. Cope Professor of
Chemistry
Provost

Robert Warren Field, Ph.D.
Professor of Chemistry

Carl Wesley Garland, Ph.D.
Professor of Chemistry

Frederick Davis Greene 11, Ph.D.,
So.D.
Professor of Chemistry

Daniel Schaeffer Kemp, Ph.D.
Professor of Chemistry

Her Gobind Khorana, Ph.D.
Alfred P. Sloan Professor of
Biology and Chemistry

James Lloyd Kinsey, Ph.D.
Professor of Chemistry

Stephen James Uppard, Ph.D.
Professor of Chemistry

Satoru Masamune, Ph.D.
Professor of Chemistry

William Henry Orme-Johnson, Ph.D.
Professor of Chemistry

Irwin Oppenheim, Ph.D.
Professor of Chemistry

Gregory Anthony Petsko, D. Phil.
Professor of Chemistry

Richard Royce Schrock, Ph.D.
Professor of Chemistry

Oletmar Seyferth, Ph.D.
Robert T. Haslam and
Bradley Dewey Professor
of Chemistry

K. Barry Sharpless, Ph.D.
Professor of Chemistry

Robert James Silbey, Ph.D.
Professor of Chemistry

Jeffrey Irwin Steinfeld, Ph.D.
Professor of Chemistry,

John Stewart Waugh, Ph.D.
Arthur Amos Noyes Professor of
Chemistry

Mark Stephen Wrighton, Ph.D.
Fredrlok G. Keyes Professor of
Chemistry

Associate Professors

Rick Lane Danhelser. Ph.D.
Associate Professor of Chemistry

William Richard Roush, Ph.D.
Associate Professor of Chemistry

Asaltant Professore

Stephen Leffler Buchwald, Ph.D.
Rogers and Georges Pirmenich
Career Development Assistant
Professor of Natural Products
Chemistry

Sylvia Teresse Coyer, Ph.D.
Class of 1943 Career Developr
Assistant Professor of Chemktry

Keith Adam Nelson, Ph.D.
Assistant Professor of Chemistry

Philip Wirth Phillips, Ph.D.
Assistant Professor of Chemistry

Lecturer

Dagmar Rings, Ph.D.

Principal Research Selentlet

Catherine Elizabeth Costello, Ph.D.

Technical instructor

James Alexander Simms

Executive Assoclate

Lawrence William Ryan, Jr.

Piunnsle! Adminlestraeo

Joan Maile Hutchins

Pernnel Adminlatraler

Anne Marie Leas

Profesoem EWit

Edmund Lee Gamble, Ph.D.
Professor of Inorganic Chemistry,
Emeritus

David Newton Hume, Ph.D.
Professor of Analytical Chemistry,
Emeritus

John Withers Irvine, Jr., Ph.D., So.D.
Professor of Chemistry, Emeritus

Richard Collins Lord, Ph.D., So.D.
Professor of Chemistry, Emeritus
Senior Lecturer

Avery Adrian Morton, Ph.D.
Professor of Organlo Chemistry,
Emerltus

John Clark Sheehan, Ph.D., 8c.D,
Professor of Organlo Chemistry,
Emeritus

Clark Conklin Stephenson, Ph.D.
Professor of C y, Emeritus
Senior Lecturer

Charles Gardner Swain, Ph.D.
Professor of Organic Chemistry,
Emeritus
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Department of Chemistry

(Course 5)

Undergraduate Study

aschelor of SoIee In Chemistry
Course V

achelor of Solenos In Chemistry
Course V

Bachelor of Solence In Chemistry
Course V

The Department offers an undergraduate Degree requirements applicable to the Class Degree requirements applicable to Classes
program auffcIently fexible In Its electives to entering MIT In September 196 (Class of that entered MIT prior to September 1986
provide excellent preparation for careers In 1990) and subsequent Classes:* (through the Class of 1989):
many different areas of chemistry. The Course
Is designed to provide an education based on nMnte ni memnte 17 Sublst enmal hneutute Reqfeementa Toal u
eclence both for those who Intend to go on to
graduate study and for those who Intend to sOence Requiement 5asence equfemente
immediately pursue professional careers In H hNis, And 8o0 sOlWS Humanlte, Ats, and social sciences
either chemistry or an allied field In which a Requement I Reqrement
sound knowledge of cmt Is Important. enci Clstrbuton Requiement (I &st can be satefed Sloncm leAIutlon Relqurement can be
Students rev thorough instruction in the by 6.12 or .60 in the ospamental Promm] S saifed by 5.11 or 5.12 or 5.60 In

principles of chemistry, supplemented by a L*abory Reuement (can be satNed by 5.311 In t he Pgrenf , pisapprk alprte

firm foundaton In mathemats, physics, the Depatnenta PrognrnI tibl113 latal
humanities, and other subjects. The depart- TOTAL Sublect. 7 Lasuoby Rmalen am be
mental Program Is accredited by the Amerioan P.usam
Chemioal Society.

Unrestricted elective time allows students to
extend their knowedge in areas of speclail In-
terest. Those Intending to do graduate work
may elect subjects in the Department or in
other departments which give them more de-
tailed knowld In the areas in which they
wish to specialize. Students who plan to enter
Industry iay elect subjects which offer the
fundamentals in a selected field of science,
engineering, or the humanities and social ad-
ences. Five-year programs may also be
elected which lead to simultaneous Bachelor
of Science degrees In two fields of specializa-
tion.

The student's faculty advisor can offer sug-
gestions 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 stu-
dents planning to continue their education In a
graduate school.

Course V also alms to develop a strong
groundIng in research principles and experi-
ence, and the curriculum may Include a re-
search project giving students opportunities to
demonstrate aptitude for creative efforts.

Inquiries

Additional information may be obtained from
the Chemistry Department, Undergraduate Of-
flie, Room 2-325, MIT, Cambridge, Massa-
chusetts 02139, (617) 253-7271.

Dapetanntl Program unite

8u&er na es n bow am kfsd by ave undo,
'S ' by eONe n Itny (0nesa In mi ")
epped Subleift: 120
5.03 PrInciples at Inoganic Chemisty 1, 12; 5.12
5.11 P nciples of Chemical SOIence, 12
5.12 Organic Chemisty 1, 12; 5.11
5.13 OrganIc Chemistry 11, 12: 5.11,5.12
5.311 lntrOduowy Chemica expedmntaton, 12; 5.12
5.32 IntermedIate Chemical Experimentstlon, 15;

5-311",-1. &-o &0
5.33 Advanced Chemicalnstrumentslon, 21:5.32, &091
5.00 Chemical Thermodynramie', 12; 1.02
5.61 Physcal Chemistry, 12; 8.02, 18.02

Restdee sweeives:
At bet to of he atonWe the auLgecW:
5.04 Prnclples of Inorganic Chemilry I, 12; 5.03
S.43 Organio Chemiry, 12; 5.13
5.52 Physloal Chemistry, 12; S.60

unAI In easmenta Progr that so sanery the
Gow ntuinthe Requinnmente

nae

s

72

24

D-smanente Program

suwor nne ben k e owwdby orea una
and by prwreqube I any (Oeqnua In "t)s
Reqred SuAets In

5.03 Prinlpie of Inorganic ChemIsty 1, 12: 5.12
5.11 Prnciples of Chemical Solence', 12
5.12 Organl*chemistryl, 12;5.11 '
5.13 Organc Chemistry 11, 12; 5.11, 5.12
5.311 Intodudlory Chemical Expedmrontaon, 12: 5.12
5.32 Intermedate Chemical Expedmentaulon, 15;

5.311', 5 IS, 5.0
5.33 Advanced Chemicalnetnumsntaon, 21; 5.32, 5.1
5.6o Chemical Tnrmodynamicas, 12; 1.02
5.61 Physical Chemstry, 12; 0.02. 18.02

24 Nsetrtoesd lsleme:
At iwno of te Owing ne M uMecAt:
5.04 Prniples of Inorgani Chemisy 11, 12; 5.03
5.43 .Organic Chemisty, 12; 5.13
5.62 Physical Chemisty, 12; 5.0

(34)

24

Usetrlteid lisnedu 00

Tota unite Requred for the 5.N. Daee $s

unmetriaed slue

Tot Units Rqrd for the 1.0. Oeme swond e
Denee hufhi Requemw" ISO

The degree requirements applicable to Classa that ntared
MIT puor to September 10 are given at the end of the
dewsp of the deprns undaduat prgrm.

Atamate prerequisite are als isted In the subio
dscripon.

Students who take 5.11 to fulfl1 the General Instiute
RequIrement In Chemisrey must take 12 addltonal unit of
unreticted tEletvas.

- AtenMae prreequIsnes amlso lted In the sublect
deWdp"On.

studentswh0 take .11 to fulNl the General Instute
Requirement In Chemistry must like 12 addtional units of
unresticed alsctve.
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Graduate Study

The Department of Chemistry offers the Me-
ter of Solence In Chemisry the Door of Phi-

, end the DoSor ence. The
offered for these degrees aim to de-

vep a ound knowledge of fundamentals and
a famdlierity with current progress In the most
acive and important arees of chemistry. In ad-
dition to studying formal subjects, each stu-
dent undertAkes a research problem which
forms the core of graduate work. Through the
exp e of conducing an InvestigaUon
Weadin to the master' or doctoral tai, a
student eme gener methods of approach
and acqures training in some of the special-
led techniques of research.

The areas of research In the rtment are
lo, g li, physical, anal , boogi-

end p chemistry, biochemistry,
and chemical physics. The thesis frequenty
involves more than one of these fields. Some
of the research aotMiles of the Department
are carried out in association wih the work of
various interdisciplinary laboratories and cen-
ters such as the Center for Materials Science
and Enginee , the Research Laboratory of

en110tronls, the Spectroscopy Laboratory,
desocbed in Chapter VI. These Interdepart-
montal research laboratories provide stimulat-
Ing Interaction among the research programs

of several MIT departments end give students
the opportunity to become familiar with re-
search work In disciplines other then chemis-
try. There also iean opportunity for research
in cooperaton with other departments such as
Biology; Earth, Atmospheric, and Planetary
Sciences; and Physics. Detaled Information
on the research suviises of the faculty can be
found in the D*'otory of Graduate Research
published by the American Chemical Society.

During the first term of residence, all graduate
students ar encouraged to select research
supervisors who serve as advisors for the bal-
ance of their graduate careers. In particular,
the overal ram of graduate subjects to be
take Is :by each student and the
research supervisor. In planning this program
and In estal the thesis problem, careful
consideraton is to the candidate's aca-
demic record professional experience, as
well as to long-range objeotives.

Entrance Requirements for Graduate Study

Students intending to pursue graduate work In
the Department should have excellent under-
graduate preparation In chemistry. The Do.
partment, however, is flexible with respect to
the specifi mathematics and physics prepa-
tiom the essental requirement is demon
tion of ability to progress with advanced study
and research In some ar- of special Interest.

Mathematics #M physics are Important
prereites 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
pepartment of Chemistry are requested to
submit scores from the Verbal and Quanta-
tive sections of the Graduate Record Exami-
nation. Scores on the Advanced examinations
are optional.

Although doctoral studies are the principal fo-
cue of the grpduate program In the Depart-
ment of Chemistry, application re also
accptd from students who do not wish to go
beyond the Masters degree. Applicants whose
ultimate goal Is the Ph.D. or So.D. should ap-
ply to the Department as doctoral students,
since the Mastr's degree is not a prerequisite
for the Ph.D. or So.D. In Chemistry at MIT.

Master of Solence In ChemIstry

The general requirements for the Master of
Science are listed in Chapter IV.

Doctor of Philosophy and Doctor of
Soiene
The Department does not have any formal
subject requirements for the doctoral degree.
Each student, with advice of a research super-
visor, pursues an indidual program of study
which Is pertinent to long-range research
Interests.

Written major examinations are cumulative.
Separate examinations In biological, Inorganic,
and physical chemistry are offered each
month during October through May. The ex-
aminallons demonstrate an understanding of
the Important principles of each feld, and
most of the examinations are based on recent
seminars and current literature. Six cumulative
examinations must be passed to complete the
written major examination. No fixed time limit
is set for compleion of this requirement; how-
ever, progress is reviewed periodically. No
other general wdtten examinations are
required. In particular, no qualifying (or "on-
trance") examinations are given.

A comprehensive oral examination In the can-
dIdate's major fItd of advanced study is held
near the end o. 4 third term of resldence.
Progress in the student's research is also ex-
amined 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 Assletentehps

The Department appoints a number of degree
candidates as teaching assistants who are
usually assigned to laboratory subjects or to
disussion sections of lecture sujet. Many
students receive appointments to resarch as-
sistantehip after their frst year end Depart-
mentaliflowships also are avalable.
Financial support after the first academic year
is provided for students who maintain a satie-
factory record, subject to the availability of
funds.

Inquiries

Correspondence about the graduate program
or appointments should be addressed to the
Chairman of the Departmental Committee on
Graduate Students, Professor G. A. Serchtold,
Chemistry Graduate Offioe, Room 16492,
MIT, Cambridge, Massachusetts 02139, (817)
253-1845.
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Department of Earth, Atmospheric,
and Planetary Sciences

William Francis Brace, Ph.D.
Ceci and ida Green Professor

Hed Department

Professors

Claude J. Allegre, Ph.D.
Professor of Geochemistry
(Visiting)

Burrell Clark Burchfiel, Ph.D.
Schlumberger Professor of Geology

Roger George Bums, Ph.D.
Professor of Geochemistry

Charles Claude Counselman liI,
Ph.D.
Professor of Planetary Sciences

John Marmlon Edmond, Ph.D.
Professor of Oceanography

James Ludlow Elliot, Ph.D.
Professor of Astronomy and Physics
Director, George R. Wallace, Jr.
Astrophysical Obeervatory

Claude J. Frankignoul, Ph.D.
Professor of Oceanography
(Visiting)

Frederick August Frey, Ph.D.
Professor of Geochemistry

Stanley Robert Hart, Ph.D.
P of Geology and

lechmitry

Thomas Hillman Jordan, Ph.D.
Robert R. Shrock Professor of Earth
and Planetary Sciences

Richard Siegmund Undzen, Ph.D.
Alfred P. Sloan Professor of
Meteorology

Edward Norton Lorenz, Sc.D.
Professor of Meteorology

Theodore Richard Madden, Ph.D.
Professor of Geophysics

Erik L Mollo-Christensen, Sc.D.
Professor of Meteorology
(Visiting)

Reginald Edward Newell, Sc.D.
Professor of Meeorology

Gordon Hemenway Pettengill,
Ph.D.
Professor of Planetary Physics
Director, Center for Space Research

Ronald Prnn, So.D.
Professor o prn g
(On leave, sprng)

M. Gene Simmons, Ph.D.
Professor of Geophysics

Seen Cad Solomon; Ph.D.
Professor of Geophysics

John Breisford Southard, Ph.D.
Professor of Geology
(On leave, spring)

Peter Hunter Stone, Ph.D.
Profensor of Meteorology
Director, Center for Meteorology
and Physical Oceanography

M. Nail Toksoz, Ph.D.
Professor of Geophysics
Director, Earth Resources Laboratory
Director, George R. Wallace, Jr.
Geophysical Observatory

Joseph Broughton Walsh, Ph.D.
Professor of Geophysics
(Visiting)

Carl Isaac Wunsch, Ph.D.
Cecil and Ida Green Professor
of Physical Oceanography
Secretasy of the Navy Research
Professor

Associate Profsors

Edward Allen Boyle, Ph.D.
Associate Professor of Chemical
Oceanography

Kerry Andrew Emanuel, Ph.D.
Associate Professor of Meteorology

Glenn Richard Filed, Ph.D.
Associate Professor of Oceanography

Timothy L. Grove, Ph.D.
Associate Professor of Petrology

Marcia K. McNutt,Ph.D.
Associate Professor of Marine
Geophysics
(On leave)

Barry Eaton Parsons, Ph.D.
Associate Professor of Geophysics
(Visiting)

Paolo Malanotte Rlzzoll, Ph.D.
Associate Professor of Oceanography

Assistant Professors

Randall M. Dole, Ph.D.
Assistant Professor of Meteorology

Gregory L Duckworth, Ph.D.
Assistant Professor of Geophysics

J. Brian Evans, Ph.D.
Assistant Professor of Geophysics

Kip V. Hodges, Ph.D.
Assistant Professor of Geology

David C. Jewitt, Ph.D.
Assistant Professor of Planetary
Science

Sandro Rambaldi, Ph.D.
Assistant Professor of Meteorology
(Visiting)

Leigh H. Royden, Ph.D.
Assistant Professor of Geology
and Geophysics
Kerr McGee Career Development
Professor

Earle R. Williams, Ph.D.
Assistant Professor of Meteorology

Jack Wisdom, Ph.D.
Assistant Professor of Planetary
Science

William R. Young, Ph.D.
Cecil and Ida Green Career
Development Assistant Professor of
Oceanography

Instructor

Unda M. French, Ph.D.

Senior Lecturers'

John Carl Foster, Ph.D.
Richard D. Rosen, Ph.D.
Joseph E. Salah, Ph.D.

Lecturers

John M. Holt, Ph.D.
William L Oliver, Ph.D.

Honorary Lacturer

Cecil H. Green, S.M., D.S.C.,
LL.D.

Adminletrative OffIcer

Douglas Pfsiffer, M.B.A.

Administrative Staff

Carol Ann Ramey

Senior Research Solentlists

Peter Molnar, Ph.D.

Nobumich Shimizu, D.Sc.
Director, [on Probe Facility

Principal Research Sclentists

Chuen Hon Cheng, Ph.D.
Vernon F. Cormier, Ph.D.
M. Bruce Fogley, Ph.D.
Richard G. French, Ph.D.
Robert W. King, Jr., Ph.D.
Marcia K. McNutt, Ph.D.
Christopher 1. Measures, Ph.D.

Research Assatlates

Richard Abbott, Ph.D.
Eric Bergman, Ph.D.
Teresa Bowers, Ph.D.
Kenneth Creager, Ph.D.
Edward Dunham, Ph.D.
Peter Ford, Ph.D.
Gilles Garcia, Ph.D.
Levent Gulen, Ph.D.
Hyman Hartman, Ph.D.
Pillalamarri lia, Ph.D.
Katherine Kadinsky-Cade, Ph.D.
Gary Klinkhammer, Ph.D.
Ralph Markson, Ph.D.
Robert McCaffrey, Ph.D.
Stephen Meacham, Ph.D.
Steven Recca, M.S.
Robert Rellinger, Ph.D.
Roger Turpening, Ph.D.
Roy Wilkens, Ph.D.
Jane Hslung Wojcik, Ph.D.

Research Engineers

Kenneth Burrhus
Walter Cook, M.S.
Spiros Geotls
George Keough

Research SpecIalists

Carol Blackway, B.S.
Susan Chapnick, M.S.
James Fullmer, Ph.D.
Barbara Grant M.S.
Mitre Khadem, B.S.
Charmalne King, B.S.
David Krowltz, B.S.
Jane Maloof, B.S.
Jeffrey Mann, M.S.
Unda Meinke, B.S.
James Mendelson, M.S.
Oliver Newell
Diana Spiegel, M.S.

Rsesrch Staff, AdmInlstrative

Sara H. Brydges, B.A.
Jane S. McNabb, B.A.
Albert L. Taylor

Postdoctoral Associates

Yehuda Agnon, Ph.D.
Yves Bemabe, Ph.D.
Wafik Beydoun, Ph.D.
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Department of Earth, Atmospheric,
and Planetary Sciences
(Course 12)

Undergraduate Study

Andrew Campbell, Ph.D.
Paul Huang, Ph.D.
Shane Ingate, Ph.D.
Mitsuhiro Kawase, Ph.D.
Venkataramanalah Krishnamurthy,
Ph.D.
Chang-Bok Lee, Ph.D.
Sumant Nigam, Ph.D.
Martin Palmer, Ph.D.
Rainer Schlizer, Ph.D.
Denis Schmitt, Ph.D.
Henry Selkirk, Ph.D.
Roberta Young, Ph.D.

Viluting Solentleta

Abdullatlf Barka, Ph.D.
W. Roger Buck, Ph.D.
Anton Dainty, Ph.D.
Fath GOler, M.S.
Sadly G01oer, M.S.
Jung Mo Lee, M.S.
Xlsntang LI, 9.8.
Daniel Rothman. Ph.D.
John Nabelek, Ph.D.
Hans-Rainier Schneider, Ph.D.
Orhan Sen, Ph.D.
Pierre Tarti, Ph.D.
Yun Sheng Zhu, M.S.

Research Affillest

Norman Gaut, Ph.D.
Robert Heinmiller, Ph.D.
Robert Kralchnan, Ph.D.

Professore Emerit

James Murdoch Austin, ScD
Professor Of Meteorology,
Emeritus

Harold Williams Fairbaim, Ph.D.
Professor of Geology, Emeritus

Henry Garrett Houghton, Sc.D.
Professor of Mete*mlogy,
Emeritus

Patrick Mason Hurley, Ph.D.
Professor of Geology, Enmeritus

Wiliam F. Pinson, Jr., Ph D.
Associate Profesan' of Geology,
Emeritus

Frederick A. Sanders, Ph.D.
Professor of Meteorology, Emeritus

Robert Rakes Shrock, Ph.D.
Professor of Geology, Emeritus

Hurd Curtis Willett, Ph.D.
Professor of Meteorology'
Emeritus

The Department of Earth, Atmospheric, and
Planetary Sciences offers the bachelor's de-
gree in earth, atmospheric, and planetary sci-
ences, and the master's and doctoral degree.s
In earth and planetary sciences, In meteorol-
ogy, and In oceanography.

Observations of the sky, sea, surface, and the
planet's interior Inspire Ingenious syntheses of
physics, chemistry, and mathematics. Depart-
ment programs utilize 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 subjects,
emphasizing mineralogy- crystallography, so-
dimentology, petrology, rock mechanics, geo-
chemistry, chemical oceanography,
geochronology, tectonics, geodesy, seismol-
ogy, geomagnetism and geoelectricity, heat
flow, high-pressure geophysics, geophysical
fluid dynamics, observational and dynamical
meteorology, physical oceanography, marine
geology and geophysics, optical and radar as-
tronomy, dynamical astronomy, comets and
meteors, planetary rings, and planetary atmo-
spheres.

Modem problems In these fields are ap-
proached by In situ physical and chemical
measurements, laboratory studies, and theo-
retical treatments. Experimental facilities for
training and research arm available not only In
departmental laboratories such as the Earth
Resources Laboratory, but also in MITs Inter-
departmental laboratories such as the Center
for Space Research, the Lincoln Laboratory,
the Haystack radar %nd radio observatory, and
the Wallace Astrophysical and Geophysical
observatories (described in Chapter VI), and in
cooper~tIng Institutions such as the Woods
Hole Oceanographic Institution.

Graduate programs in meteorology and phys-
ical oceanography are provided through the
Center for Meteorology and Physical Ocean-
ography. The programs In these areas draw
upon physics, mathematics, and chemistry but
emphasize fluid dynamics. The solutions to
many environmental problems will depend
upon increased knowledge of the earth's at-
mosphere and oceans. The Center's graduate
programs are designed to provide students
with a broad background In these areas. The
research programs of the Center are de-
scribed later In this section. The program in
physical oceanography Is offered jointly with
the Woods Hole Oceanographic Institution.

Students are encouraged to take advantage of
the offerings in the Undergraduate Seminar
Program and the Undergraduate Rosetrch
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 XII

The Department offers undergraduate prepa-
ration for professional careers In the earth, at-
mospheric, and planetary sciences. Some
students concentrate In specific fields in these
areas. Others choose to combine basic stud-
lee in mathematics, physics, chemistry, or en-
gineering with applications to earth,
atmospheric, and planetary sciences.

The curriculum for the Bachelor of Science In
Earth, Atmospheric, and Planetary Sciences
contains only a minimum number of specific
requirements, to allow maximum flexibility In
arranging an individualized program of study.
Lists of undergraduate research and employ-
ment opportunities are available from the
Department.

Students are encouraged to enter the Depart-
ment of Earth, Atmospheric, and Planetary
Sciences at the beginning of the second year
to obtain maximum benefit from advisor re-
sources; however, interested students are en-
couraged to visit Department headquarters at
any time to arrange conferences with advisors.

Restricted Elective Requirements. Each stu-
dent's program of restricted electives Is Indi-
vidually arrangedl In consultation with the
advisor. For guidance, sample programs In
geology, geochemistry, geophysics, meteorol-
ogy and physical oceanography, atmospheric
and oceanic chemistry, planetary physics, and
astronomy are available from the Department.
A variety of other programs can be worked out
In consultation with the student's advisor.
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Some of the restricted electives in these pro.
grams, or any atnate programs submitted,
can be selected In part to meet the particular
needs and Interests of Individual students. Ap-
proval of these programs is based on their
scope, depth, and relevance to sound prepa-
ration in earth, atmospheric, and planetary sd-
enoes. Programs normally should be
submitted for approval by the middle of the
student's third year.

Students who wish to defer choosing a field of
concentration within Course XiI can prepare
for all of the options by completing 5.60
Chemical Thermodynamics, 8.03 Physics Ill,
12.02 Chemistry and Physics of Minerals and
Rocks, and 18.03 Differential Equations during
their second year.

Research Requirement. Each student Is re-
qulred to undertake a minimum of 12 units of
research supervised In the Department. Many
students take significantly more, and some pe-
tition the Committee on Curricula to have this
research satisfy the Institute Laboratory Re-
quirement as well. By petition to the Depart.
mental Committee on Undergraduates,
suitably planned and executed research or In-
dMdual study also may be subetituted for
classroom subjects. Also by petition, students
may satisfy the departmental research require-
ment by mean of projects on which they have
worked for pay rather than for credit, "ither
within the department or elsewhere, provided
that the student can demonstrate that the so-
tivity constitutes a substantial research experi-
ence.

Behelor of Selenee In Earth, Atnospherio,
ad Pln rY SeleneSs
Coure XII

Degree requirements applicable to the Class
entering MIT In September 196 (Class of
1990) and subsequent Classes:*
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Double-Degree Programa/Plve-Year
Programe

Studies In physics, chemistry, biology, applied
mathemado, and electrical or civil engineering
are directly relevant preparation for work in
earth, atmospheric, and planetary sciences.
Students from thee departments can arrange
flexible programs of study in Course X1i which
lead to a second Bachelor of Science in one
of these areaa.

Students with strong academic records from
the Departments of Chemistry, Electrical Engl-
neering and Computer Science, Physics,
Earth, Atmospheric, and Planetary ,
or Mathematics should be able to complete a
Mater of Science In Earth and Planetary Sol-
ances In meteorology and physical oosengra-
phy In one year of additional study, particularly
If programs are arranged for this prpose from
the beginning of the fourth year. Aliations
for graduate enrollment In the Department are
considered any time after the beginning of the
fourth year. Students may receive the Bache-
lor of Science as soon as the requirements
are completed, or may elect to defer the
award for simultaneous presentation with the
Master of Science.

Inquiries

Additional Information may be obtained from
the Department of Earth, Atmospherio, and
Planetary Sciences, Department Secretary,
Room 54-12, MIT, Cambridge, Massachu-
setts 02139, (617) 253-3381. Specific Informa-
tion and advice with respect to studies In
meteorology may bs obtained from Professor
Peter H. Stone, Room 54-1712, (617) 263-
2261.

TOt Unit equ r the .. oeree Send te
Gamed teathute R equtefte IN0

-The degree reqiements appodee to classes tht entwed
MIT prior to September ION ae garen at the end of the
demiplon of the departmenre undergraduate program.
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School of Science

Graduate Study

Bachelor of Science in Earth, Atmospheric,
and Planetary Sciences
Course XII

Degree requirements applicable to Classes
that entered MIT prior to September 1986
(through the Class of 1989):

General Wnstute nequirement. Total Unne
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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 Vill. Advanced work In
these fields leads to the Master of Science in
Earth and Planetary Sciences, in Meteorology,
or in Oceanography, the Doctor of Philosophy,
or the Doctor of Science with a thesis in the
field of specialization,

In earth and planetary sciences, graduate stu-
dents pursue both theoretical and experimen-
tal aspects. Modem laboratory facilities,
computers, instrumentation, and extensive col-
lections of specimens and data are available
to students. Field study is an essential part of
the graduate curriculum In geology, geophys-
los, and geochemistry, and special arrange-
ments may be made for summer employment
and field research on Departmental projects
and with industrial organizations and govern-
ment agencies.

In meteorology and oceanography, emphasis
In the graduate program is given to the theo-
retical and quantitative approach, supple-
mented by empirical information and
quantitative data analysis. Graduate study
therefore includes a mixture of theoretical and
descriptive courses, sharing a common appre-
ciation of the dynamics of the underlying pro-
cess.

Entrance Requirements for Graduate Study

In addition to the General Institute Require-
ments for admission, as found In Chapter IV,
the Department requires preparation equiva-
lent to the curriculum for the Bachelor of Sci-
once 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 y some chemistry. Students taking
their undergraduate work at other Institutions
are advised to Include in their programs the
equivalent of the mathematics and physics
contained In the MIT undergraduate 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-Woode Hole Oceanographic
InstItution Program in Oceanography and
Oceanographicl Engineering

MIT and WHOI have established a joint pro-
gram In oceanography which leads to a jointly
awarded degree of the Doctor of Philosophy
or the Doctor of Science. For details of this
program, no Joint Program in Oceanography
and Oceanographic Engineering with the
Woods Hole Oceanographic Institution, at the
end of this chapter.

Master of Science in Earth and
Planetary Scienoes, 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 Oceanog-
raphy are described In Chapter IV. An
Individual program of study and research is ar-
ranged 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 Departmen-
tal committee.

Master of Science in Meteorology or
in Oceanography

The graduate ("A") subjects required for the
Master of Science may be selected from those
offered in meteorology or in oceanography
and those in related fields offered by other de-
partments. Undue specialization In one branch
of either field is discouraged. There are no for-
eign language requirements for the degree.
Master's students have access to the facilities
of the Joint MIT-WHOI Program.

Doctor of Philosophy and Doctor of
SOence

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, because of the importance of
communications with foreign scientists, it Is
strongly urged that candidates for the doctor-
ate acquire intermediate competence in one or
more languages. A specialized program of
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Doartment of Earth, Atmospheric, and Planetary Science

Center for Meteorology
and Physical Oceanography

study and research Is tailored to each stu-
dents background, needs, and goals by the
student In consultation with a personal faculty
advisor and a Departmental oommittee. A doc-
ton candidate's program Is expected to be
broad and to Include formal study In other de-
partments In addition to the specialized sub-
jects which prepare the candidate for thesis
research. Thesis research normally is begun
Immediately after successful oompletion of the
general examination, by the end of the second
year. The general examination is Intended to
test the candidate's aptitude and preparation
for Independent research.

Thesia research Is closely supervised by one
or more faculty members who are Interested
and knowledgeable In the research topic, who
are chosen by the student, and who may be
members of other departments. The thesis Is
expected to meet high professional standards,
and to be a significant original contributon to
the scientific fleld.

Teashing and Research Assistntships

The Department and the Center for Meteorol-
ogy and Physical Oceanography offer a con-
siderable number of research and teachIng
assistantships each year. Research assistants
work on one of the many research projects In
the Department or Center, which often is re-
lated to the student's thesis research. Teach-
Ing assistants assist In laboratory Instruction or
In the preparation of teaching materials and
the grading of papers.

The Center also offers the Jule G. Chamey
Awards for graduate study. These awards are
available to a lew students to supplement the
normal support from research assistantships
or other fellowships. Selection of Individuals Is
based on the excellence of the applicant's re-
cord, as evidenced by academic performance,
istters of recommendation, professional ac-
complishments, and other awards such as Na-
tional Science Foundation Fellowships.

inquiries

Additional Information regarding academic and
current research programs In the Department,
admission requirements, assistantship ap-
pointments, and financial aid may be obtained
by writing to the Department of Earth, Atmos-
pheric, and Planetary Sciences, Department
Secretary, Room 54-912, MIT, Cambridge,
Massachusetts 02139, (617) 253-3361.

Formal subjects of Instruction are offered In
most principal areas of meteorology, and usu-
ally are supplemented reading courees in a
students special area Interest. The subjects
are described In Chapter Vill.

The Center's research and educational actM-
ties Include all the principal areas of meteorol-
ogy. atmospheric dynamics, synoptic
meteorology, weather forecasting, radar mete-
orology, mesoscale meteorology, cloud phys-
ice, atmospheric electricity, atmospheric
chemistry, climate dynamics, satellite meteor-
ology, planetary atmospheres, air-sea Interac-
tions, observational meteorology, hydro-
meteorology, and air pollution. The Center
maintains a Doppler weather radar system,
equipped with data processing facilldes, and
also has a synoptic laboratory which receives
and archives current weather data from the
National Meteorological Center. The data
cover large parts of the globe and are gener-
ally In computer-compatble format. The Can-
ter also has a computer facility with a medium-
sized computer and peripheral equipment, and
remote terminals which enable students and
staff to communicate with large computers at
the National Center for Atmospheric Research,
NASA's Goddard Space Flight Center, and
MIT's Information Services. The facility can be
used for data analysis, plotting, satellite Image
processing, numerical modeling, and other ap-
plications. Some of the Centers staff have
joint appointments at MITe Haystack Observ-
atory In Westford, Massachusetts. The Ob-
servatory's Millstone Hill radar systems are
used In studies of the physics and dynamics
of both the upper and lower atmospheres.

Cambridge and its surroundings contain a
number of Institutions active In meteorological
research, which, in addition to private com-
mercial firms, Include Harvard University,
Woods Hole oceanographic Institution, the Air
Force Geophysics Laboratory, and the Boston
Office of the National Weather Service. Con-
tact with the personnel of these Institutions Is
maintained through seminars and symposia in
addition to the many Informal contacts.

Oceanography

The Center for Meteorology and Physical
Oceanography Is actve In physical oceanog-
raphy research; faculty and students are cur-
rently engaged In theoretical studies of the
oceanic circulation, observatonal studies at
sea, laboratory models and field and labora-
tory investigations of the Interactions between

the atmosphere and the ocean. The programs
of graduate students In oceanography also In-
clude subjects In oceanography and related
areas offered by several other MIT depart-
ments and the Woods Hole Oceanographic In-
stitution,

- -- ~-"t'- - -
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Department of Mathematics

Arthur Paul Mattuok, Ph.D.
Class of 1922 Professor
of Mathematics
Head of the Department

Franklin Paul Peterson, Ph.D.
Professor of Mathematics
Chairman, Committee on Pure
Mathematics

Willem Van Rensselaer Maikus,
Ph.D.
Professor of Applied Mathematics
Chairman, Committee on Applied
Mathematics

Prefecewre

Nesmith Comett Ankeny, Ph.D.
Professor of Mathematics
(On leave, fall)

Michael Artin, Ph.D.
Professor of Mathematics

David John Benney, Ph.D.
Professor of Applied Mathematics

Hung Cheng, Ph.D.
Professor of Applied Mathematics

Richard Mansfield Dudley, Ph.D.
Professor of Applied Mathematics

Daniel Z. Freedrnan, Ph.D.
Professor of Applied Mathematics
(On leave, spring)

Harvey Philip Greenspan, Ph.D.
Professor of Applied Mathematics
(On leave, spring)

Victor William Guillernin, Ph.D.
Professor of Mathematics
(On leave, spring)

Sigurdur Helgason, Ph.D.
Professor of Mathematics

Kenneth Myron Hoffman, Ph.D.
Professor of Mathematics

Victor Kad, Ph.D.
Professor of Mathematics

Daniel Marinus Kan, Ph.D.
Professor of Mathematics

Steven Klelman, Ph.D.
Professor of Mathematics

Daniel J. Kleitman, Ph.D.
Professor of Applied Mathematics

Bertram Kostant, Ph.D.
Professor of Mathematics

Chia-Chlao Un, Ph.D.
Institute Professor
Professor of Applied Mathematics

George Lusztig, Ph.D.
Professor of Mathematics

Richard Burt Melrose, Ph.D.
Professor of Mathematics

Haynes P. Miller, Ph.D.
Professor of Mathematics

James Raymond Munkres, Ph.D.
Professor of Mathematics

Daniel Gray Qullen, Ph.D.
Norbert Wiener Professor of
Mathematics
(On leave)

Hartley Rogers, Jr., Ph.D.
Professor of Mathematics

Glan-Carlo Rota, Ph.D.
Professor of Applied Mathematics
and Philosophy

Gerald Enoch Sacks, Ph.D.
Professor of Mathematical Logic

Richard Donald Schafer, Ph.D.
Professor of Mathematics

Irving Ezra Segal, Ph.D.
Professor of Mathematics
(On leave, spring)

Isadore Manual Singer, Ph.D.
John D. MacArthur Professor
of Mathematics

Richard Peter Stanley, Ph.D.
Professor of Applied Mathematics

Harold Mead Stark, Ph.D.
Professor of Mathematics
(On leave, spring)

William Gilbert Strang, Ph.D.
Professor of Mathematics

Daniel W. Stroock, Ph.D.
Professor of Mathematics

Alar Toomrs, Ph.D.
Professor of Applied Mathematics

Michele Frangolse Vergne, Ph.D.
Professor of Mathematics
(On leave, spring)

David Alexander Vogan, Ph.D.
Professor of Mathematics

Associate Professors

David Jay Anick, Ph.D.
Associate Professor of Mathematsics

Anders Bjorner, Ph.D.
Associate Professor of Applied
Mathematics
(On leave)

Sy David Friedman, Ph.D.
Associate Professor of Mathematics

David S. Jerison, Ph.D.
Associate Professor of Mathematics

Frank Thomson Leighton, Ph.D.
Associate Professor of Applied
Mathematics

Greta M. idung, Ph.D.
Associate Professor of Applied
Mathematics
(Visiting)

Frank Morgan, Ph.D.
Cecil and Ida Green Career
Development Associate Professor of
Mathematics

Bent Oreted, Ph.D.
Associate Professor of Mathematics
(Visiting, fall)

Rodolfo Reuben Rosales, Ph.D.
Associate Professor of Applied
Mathematics

Michael Sipser, Ph.D.
Associate Professor of Applied
Mathematics

Assistant Professors

Baruch Awerbuch, Ph.D.
Assistant Professor of Applied
Mathematics

Luis Casian, Ph.D.
Assistant Professor of Mathematics

Ding Zhu Du, Ph.D.
Assistant Professor of Applied
Mathematics
(Visiting)

Zoltan Furedl, Ph.D.
Assistant Professor of Applied
Mathematics

Mark D. Halman, Ph.D.
Assistant Professor of Applied
Mathematics

Iris Marie Mack, Ph.D.
Assistant Professor of Applied
Mathematics
(Visiting)

All Nadim, Ph.D.
Assistant Professor of Applied
Mathematics

C. Frederick Pearson, Ph.D.
Assistant Professor of Applied
Mathematics

Antonio Sanchez-Calle, Ph.D.
Assistant Professor of Mathematics

David A. Shmoys, Ph.D.
Assistant Professor of Applied
Mathematics

Lloyd Nicholas Trefeihen, Ph.D.
Assistant Professor of Applied
Mathematics

Nicholas P. Warer, Ph.D.
Assistant Professor of Applied
Mathematics

Stephens L Zalseld, Ph.D.
Assistant Professor of Applied
Mathematics

C. LU. Moore lnstruetors

Steven R. Costenoble, Ph.D.
Bennett Chow, Ph.D.
Robin Forman, Ph.D.
(On leave)
Daniel S. Freed, Ph.D.
Peter N. Hller, Ph.D.
(On leave)
Mark$13. Lrand, Ph.D.
Martin Lustig, Ph.D.
Gordena Matic, Ph.D.
Richard Montgomery, Ph.D.
Monica Petri, Ph.D.
William T. Show, Ph.D.
Robert D. Thompson, Ph.D.
Dave Witte, Ph.D.
Michael Wolf, Ph.D.
Zhengfang Zhou, Ph.D.
Roger Zierau, Ph.D.

Instructore in Applied Mathematies

Yehuda Agnon, Ph.D.
Kwok Wing Chow, Ph.D.
Patrieo LeGal, Ph.D.
Er-Cheng Teal, Ph.D.
Ma Zhou, Ph.D.

Leoturer

Jean-DominIque Duuchel, Ph.D.
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Department of Mathematics
(Course 18)

Undergraduate Study

Administraive Offer

James Edward Dalton

Joanne E. Murray, 8.8.
Phyllis Ruby, A.B.
Marjorie Tyler

ProsesoM EmedW

Warren Ambrose, Ph.D.
Professor of Mathematics, Emeltus

Herman Chemoff, Ph.D.
Professor of Applied Mathematics,
Emeitus

Francis Begnaud Hildebrand, Ph.D.
Professor of Mathematics, Emeritus

Louis Norbe Howard, Ph.D.
Professor of Aled Mathematics,
Emeritus

William Ted Martin, Ph.D.
Professor of Education and
Mathematics, Emeritus

Claude Elwood Shannon, Ph.D.
Dorner Professor of Science
and Professor of Mathematics
and Eieotrical Engineering,
Emeritus

Dirk Jan Strulk, Ph.D.
Professor of Mathematics, Emeritus

George Brinton Thomas, Jr., Ph.D.
Professor of Mathematics, Emeritus

George Proctor Wadsworth, Ph.D.
Professor of Mathematics, Emeritus

George William Whitehead, Ph.D.
Professor of Mathematics, Emeritus

An undergraduate degree in mathematics pro-
vides an excellent basis for graduate work In
mathematics or computer science, or for em-
ployment In such mathematics-relatedfields
as systems analysis, operations research, or
actuarial science.

Because the career objectives of undergradu-
ate mathematics majors are so diverse, each
undergraduate's program is individually ar-
ranged through collaboration. between the stu-
dent and his or her faculty advisor. In general,
students are encouraged to explore the var-
lous branches of mathematics, both pure and
applied.

Undergraduates wishing to work in small
groups under the supervision of a faculty
member may elect an upper level mathemat-
Ice seminar. This is normally done during the
junior year or the first semester of the senior
year. The experience gained from active par-
ticipation in a seminar conducted by a re-
search mathematician is particularly valuable
for a student planning to pursue graduate
work in some branch of mathematics or a
related field.

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 mathemat-
ice, and a Theoretical Mathematics Option for
those who expect to pursue graduate work in
pure mathematics. A fourth undergraduate
program leads to the degree Bachelor of Sci-
ence in Mathematics with Computer Science;
it is intended for students seriously interested
In both mathematics and computer science.

The interaction that takes place in the class-
room is an important component of the learn-
ing experience in mathematics. Therefore, in
none of the programs is advanced standing
.credit accepted toward fulfillment of any part
of the Departmental Requirements other than
18.03. It is accepted, however, as Unrestricted
Elective.

Bachelor of Science in Mathematics
Course XVIII
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
and eight 12-unit subjects in Course 18 of es-
sentially different content, including at least six

advanced subjects (first decimal digit one or
higher). This leaves available 84 units of unre-
stricted electives. The requirements are flexi-
ble in order to accommodate several
categories of students:

1) those who wish to pursue programs that
combine mathematics with a related field
(such as physics, economics, or manage-
ment), 2) those who wish to divide their time
between theoretical and applied mathematics,
and 3) those who wish to use mathematics as
a general Institute major.

Applied mathematics is the mathematical
study of general scientific concepts, principles,
and phenomena which, because of their wide-
spread occurrence and application, relate or
unify various disciplines. The core of the pro-
gram at MIT concems the following principles
and their mathematical formulations: propaga-
tion, equilibrium, stability, optimization, cyber-
netics, statistics, and random processes. The
undergraduate program provides a general in-
troduction to most areas of applied mathemat-
ice and to several specific areas for study in
greater depth.

Sophomores interested in applied mathemat-
ics typically survey the field of applied mathe-
matics by enrolling in both 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 subject and may
be taken concurrently with 18.03. Subject
18.311, given only In the second term, is de-
voted to continuous aspects and makes con-
siderable use of differential equations.

The subjects in Group I of the program corre-
spond roughly to those areas of applied math-
ematics making heavy use of discrete
mathematics, while Group i emphasizes those
subjects which deal mainly with continuous
processes. Naturally, there is a good deal of
overlap; for example, such subjects as proba-
bility or numerical analysis have both 'discrete
and continuous aspects. In general, students
in the applied mathematics option are encour-
aged to acquire as good a background as
possible in both types of applied mathematics.

For those who wish to emphasize particular
areas within the applied mathematics curricu-
lum, sample programs are available in the Un-
dergraduate Mathematics Office for the
following specialties: combinatorics, computer
science, fluid dynamics, numerical analysis,
statistics, and theoretical physics.
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Traditionally, pure mathemat has been alas-
sNied Into thre general fields: analysis, which
deals with continuous aspects of mathematics;
algebra which deals with discrels 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 topls as logic,
number theory, complex analysis, geometry,
and subjects within applied mathematics.

The subject 18.100B Analysis I is basic to the
program. Since this subject Is strongly proof-
oriented, many students find an intermediate
subject such as 18.06 Unear Algebra or
18.710 Abstract Unear Algebra useful as
preparation.

Some flexiblity is allowed In this program. For
instance, students may, with permission, sub-
sltute 16.100A for 18.1006; and they may
substitute 10.710 Abstract Unear Algebra, plus
18.703 Modem Algebra, for the recommended
algebra sequence 18.701-18.702. SimIarly, a
thesis or (les desirably) a first-year graduate.
subject may be subsituted for the Seminar.
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M1Deoateit of Mathemacs

Mathematiss ad computer sciewe are
cosely related flekls. Problems In computer
science are often formalized and solved with
mathematical methods, and it Is likely that the
most important problems currenitly facing com-
puter scientists will be solved by researchers
sdiled in algebra, analysis, combinatorlos,
logic and/or probability theory, as wll as con-
puter sclence.

The purpose of this program Is to educate stu-
dents In precisely these areas. First, the pro-
gram provides a broad background In
mathematics, equivalent to that of the other
mathematics options, but emphasizing areas
of greatest application to computer science.
Second, it provides a solid core of education
In computer science, beginning with 8.001
Structure and Inrpretation of Computer Pro-
grams, and 6.034 Artificial Intelligence. These
are followed by either 6.002 Circuits and Elec-
tronics and 6.004 Computation Structures,
which concentrate on the hardware aspects of
computer science, or by 6.170 Laboratory in
Software Engineering and 6.035 Computer
Language Engineering, which concentrate on
the software aspects. The program is com-
pleted 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 alowed in this program. For
Instance, students may, with permission, sub-
stitute 6.170 Laboreory in Software Engineer-
ing for the recommunded subject 6.034
Artificial ln goe, provid that they com-
plate the 6.002-6.004 sequence and that they
otherwise satisfy the Institute science distribu-
tion requirement. Sm'I, they may, with per-
mIssion, subetitute 18. Introduction to
Algebraio Systems for 16.310 Principles of Ap-
pied MathematIcs. They may also substitute
18.701 Algebra I for 16.06 Linear Algebra, in
which case 16.702 Algebra 1I may be used as
a Restricted Elective.

Bechelor of lenoe in Matewmatios
with Comm senwe
Course XVI.C
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inquiries

Inquiries regarding academic programs may
be addressed to Joanne E. Murray, Under-
graduat Mathematics Offic, Room 2-106,

IT, Cambridge, Massachusetts 02139, (617)
253-2416.

The folowing Information sheets are available
in Room 2-106:

What Math Subjects Shall I Take?
Careers In Mathematics
Thinking of Majoring in Mathematics?
Applied Mathematics: Sample Programs
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00partment of Mathmeillo

Graduate Study

The Department offers rgram coverin
broad "ag of topics whc edto the Mse
of Science, the Doctor of Philosophy, and the
Doctor of Solence; however, students are ad-
mitted to a masters ram only In statistics.
Numerous Informal enars, as well as a
joint weekly mathematcs col m spon-
sored altemately by MIT, r University,
and Harvard University, supplement the sub-
ject offerings.

Candidates whos pdmary Interest Is in the
field of pure mathematlse ordinarily take
mtof theirsubects in the Department. In
addition to their advanced speclization, stu-
dents are encouraged to acquire breadth by
taking basic subjects in analysis, algebra, ge-
ometry, Us theory, lglo, and topology. Candi-
dates whose primary interest is in apled
mathmatos are expected to acqur breadth
by taking subjects In astrophysics, combinato-
rice, fluid dynamics, theoretoil physics, nu-
merical analys, statistics, and the theory of
computation. Students are encouraged to
study important aspeols of one or more engi-
neering or scientific elds cosely related to re-
search In applied mathematics. Assistance or
collaboration in problems In pure or appied
mathematics which are being investigated by
members of the staff may constitute part of a
graduate students program.

Entrance Requirements for Graduate Study

Students are expected to have one year of
college-level natural science In addition to an
undergraduate mathematios program which
approximates that of mathematics majors at
MIT. Students may enter the applied mathe-
matics program from any undergraduate field
of concentration; however, speca considera-
tion is given to students with a strong solentific
background.

Dotor of Philosophy and Dotor of
melene

The basic requirements for these degree. are
given in chapter IV, and the deaiZo the pro-.
gram are explained In a sot of not evallable
from the Department. The first stage Is to tae
subjects (normally 11 ubjects totaling 132
hours of graduate credits) and to prepare for
the xqalgaminaon. Doctoral

arwe m to have a reading
knowledge of mathematical French, German,
Italian, or Russian.

For students in the pure mathematlee pro-
gram, the oral part of the general examination
covers three areas cheen by the student In
consultatien with the Chairman of the Commit-
tee on Graduate Students. One of the three
areas Is examined In greater depth and nor-
mally becomes the field of spellation. The
examiner in this area normally becomes the
thesis advisor. The examination must be
passed by the end of the second year.

For students eleting the appIed mathemat-
le program, the basic objective is a proper
balance of aspelarzaon and diversity. By the
end of the first year of study, the degree can-
didate In consultation with an advisor must
submit a "plan of study" for approval by the
Applied Mathematics Committee. In addition to
a get of subjects related to the major "eld, this
plan must include the core curriculum, which
assures famliarity with the basic concepts of
applied mathematics. In order to achieve max-
imum flexibility, programs are considered
Individually.

The Guidelne of Btudy for Dooloral Cand-
daes In Aped Maermadow s which is distrib-
uted to entering students provides more
complete information on degree requirements,
academic standards, and financial support.

In either the pure mathematics or applied
mathematics program, after successfully pass-
Ing the specific requirements set In the gen-
eral examination, the student may officially
begin thesis research under the supervision of
a thesis advisor. The thesis must represent
original research of high quality, done while a
student at MIT, and should be fnished by the
end of the fourth year of graduate study. Upon
submitting the thesis the student must pass an
oral thesis examination.

Tesohing and Resero Aselstentshipe

A limited number of feliowships and teaching
and research aseistanthipe are avalable.
Normally, sntuisents who are offered fi-
nancial aid are teaching assetanithlps
and the assistantships are renewed so that
students are supported for a total of four
years. Entering students who have not been
offered aid should not expect aid in later
years.

lnqurles

Additional information regarding academic or
research programs In mathematics, admis-
sIons, or financial aid, may be obtained from
Phylls Ruby, Graduate Mathematics Office,
Room 2-233, MIT, Cambridge, Massachusetts
02139, (617) 253-2660.
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Department of Physics

Jerome Isaac Friedman, Ph.D.
Professor of Physics
Head of the Department

Professora

Michel Baranger, Ph.D.
Professor of Physics

Alan Hildreth Barrett, Ph.D.
Professor of Physics
(On leave, spring)

Ulfich Justus Becker, Ph.D.
Professor of Physics

George Bekefl, 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

Aron Myron Bernstein, Ph.D.
Professor of Physics
(On leave)

William Bertozzi, Ph.D.
Professor of Physics

Robert Joseph Birgeneau, Ph.D.
Cecil and Ida Green Professor
of Physics
Associate Director, Research
Laboratory of Electronics

Hale Van Dom Bradt, Ph.D.
Professor of Physics

Bernard Flood Burke, Ph.D.
Professor of Physics
William A. M. Burden Professor of
Astrophysics

Wit Buza, Ph.D.
Professor of Physics
(On leave)

Claude Roger Canizares, Ph.D.
Professor of Physics

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

Eric Richard Coeman, Ph.D.
Professor of Physics,

Ronald Crosby Davidson, Ph.D.
Professor of Physics
Director, Plasma Fusion Center

Peter Theodore diemos, Ph.D.
Professor of Physics

Martin Deutsch, Ph.D., Sc.D.
Professor of Physics

Mildred Splewak Dressihaus, Ph.D.
institute Professor
Professor of Physics and Electrical
Engineering

Thomas Henderson Dupree, Ph.D.
Professor of Physics
and Nuclear Engineering

James Ludlow Elliot, Ph.D.
Professor of Physics and Astronomy
Director, George R. Wallace, Jr.
Astrophysical Observatory

Bernard Taub Feld, Ph.D.
Professor of Physics

Michael Stephen Feld, Ph.D.
Professor of Physics
Director, Spectroscopy Laboratory

Herman Feshbach, Ph.D.
Institute Professor
Professor of Physics

Anthony Philip French, Ph.D.
Professor of Physics

David Henry Frisch, Ph.D.
Professor of Physics

Jeffrey Goldstons, Ph.D.'
Cecil and Ida Green Professor of
Physics
Director, Center for Theoretical
Physics

Thomas John Greytak, Ph.D.
Professor of Physics

Lee Grodzins, Ph.D.
Professor of Physics

Alan Harvey Guth, Ph.D.
Professor of Physics
(On leave, fall)

Kerson Huang, Ph.D.
Professor of Physics
(On leave, fall)

Karl Uno Ingard, Ph.D.
Professor of Physics and
Aeronautics and Astronautics

Roman Wladimir Jaclkw, Ph.D.
Professor of Physics

Robert Loren Jaffe, Ph.D.
Professor of Physics
(On leave, fall)

All 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.
Professor of Physics

Henry Way Kendall, Ph.D.
Professor of Physics

Arthur Kent Kerman, Ph.D.
Professor of Physics
Director, Laboratory for Nuclear
Science

John Gordon King, Ph.D.
Francis Friedman Professor
of Physics
(On leave, spdng)

Vera Kistlakowsky, Ph.D.
Professor of Physics

Daniel Klsppner, Ph.D.
Lester Wolfe Professor of Physics

George Fred Koster, Ph.D.
Professor of Physics

Stanley Benedict Kowalski, Ph.D.
Professor of Physics

Patrick A. Lee, Ph.D.
Professor of Physics

Walter Hendrik Gustav Lewin,
Dr.Tech.Sui.
Professor of Physics

James David Ulster, Ph.D.
Professor of Physics
Director, Center for Materials
Science and Engineering

Earle Leonard Lomon, Ph.D.
Professor of Physics
(On leave)

Francis Eugene Low, Ph.D.
Institute Professor
Professor of Physics

Margaret Love Agnes MacVicar,
Sc.D.
Professor of Physical Science
and Cecil and ida Green
Professor of Education
Dean for Undergraduate Education
Director, Undergraduate Research
Opportunities Program

June Lorraine Matthews, Ph.D.
Professor of Physics

Emest Moniz, Ph.D.
Professor of Physics
Director, Sates Unear Accelerator

John William Negele, Ph.D.
Professor of Physics

Stanislaw Olbert, Ph.D.
Professor of Physics

Louis Shreve Osborne, Ph.D.
Professor of Physics

Irwin Abraham Pless, Ph.D.
Professor of Physics

Mikloe Porkolab, Ph.D.
Professor of Physics
(On leave, spring)

David Edward Pritchard, Ph.D.
Professor of Physics

Saul Alan Rappaport, Ph.D.
Professor of Physics

Lawrence Rosenson, Ph.D.
Professor of Physics
(On leave, fall)

Malcom Woodrow Pershing
Strandberg, Ph.D.
Professor of Physics
(On leave, spring)

Toyoichi Tanaka, D.Sc.
Professor of Physics

Samuel C. C. Ting, Ph.D.
Professor of Physics
Holder of the Thomas Dudley Cabot
Institute Chair

Felix Marc Hermann Villars, D.Sc.
Professor of Physics
(On leave, fall)

Rainer Weiss, Ph.D.
Professor of Physics

Peter Adalbert Wolff, Ph.D.
Professor of Physics
Director, Francis Bitter National
Me Laboralory

Richard Kumeo Yamamoto, Ph.D.
Professor of Physics

James Edward Young, Ph.D.
Professor of Physics

Asolte Prelsesors

Charles Alcock, Ph.D.
Associate Professor of Physics
(On leave)

Ahmet Nihat Berker, Ph.D.
Associate Professor of Physics

James Gordon Branson, Ph.D.
Associate Professor of Physics

John William Dreher, Ph.D.
Associate Professor of Physics
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Edward Henry FaiN, Ph.D.
Class of 1968 Career Development
Associate Professor of Physics

Ralph Leroy Molut, Jr., Ph.D.
Associate Profesor of Physics

Robert Page Redwine, Ph.D.
A.NN" Professor of Physics

Scott D. Tremaine, Ph.D.
Associate Professor of Physics
(On leave)

Assla Pre seasr

Edmund W. Beulachinger, Ph.D.
Assistant Profesor of Physics

Leonard Gregor Heren, Ph.D.
Assistant Profesor of Physics

Charles Joseph Horowitz, Ph.D.
Assistant Professor of Physics

B. Gabriel Kotlar, Ph.D.
Assistant Professor of Physics

Robert Joseph Ledoux, Ph.D.
Ceci and Ida Green Career
Development Assistant Professor
of Physics

Aneeh Vasant Manohar, Ph.D.
Assistant Professor of Physics

Stephen Schutumelbter Meyer, Ph.D.
Assistant Professor of Physics

Janos Polonyl, Ph.D.
Assistant Professor of Physics

Jean-Pierre Charles Revol, Ph.D.
Assistant Professor of Physics

Steven W. Stahler, Ph.D.
Assistant Professor of Physics
(On leave)

John L. Tonry, Ph.D.
Assistant Professor of Physics
(On leave)

Benior R6searh salentlets

Roshan Lal Aggarwal, Ph.D.
Associate Director, Francis Bitter
National Magnet Laboratory

Joseph Dennis Burger, Ph.D.

Thomas William Donnelly, Ph.D.

Simon Foner, D.So.

Alan Jay Lazarus, Ph.D.

Paul David Luckey, Jr., Ph.D.

Stephen Geoffrey Steadman, Ph.D.

Edwin Floriman Taylor, Ph.D.

Frank E. Taylor, Ph.D.

William Ernest Turchinetz, Ph.D.
Associate Director, Bates
Linear Acosleralor

Claude Finley Williamson, Ph.D.

Principal RessOSh Scientists

Paul Stanley Unsay, Ph.D.
George Rollins Ricker, Jr., Ph.D.
Peter Reed Saulson, Ph.D.

Aeserch Associates

Herald Hess, Ph.D.
Roland J. Slezen, Ph.D.

Lturer

Frederic John Eppling, Ph.D.
Associate Director, Laboratory
for Nuciear Science

Tehniasi Inetruetors

Robert Crowley, B.F.A.
Eugene Michael dlSalvators, A.S.
Charles A. Forte
Jan Orsula
David Robertson, B.S.
Thomas Joseph White, Jr.

Adminletrative Offier

Catherine Ormond, B.A.

Administrative Staff

Margaret LouIse Berkovitz, BA.
William John Billings, B.A.
Theodore Coleman
Gal Marlene Morchower, M.A.
Kim Blakely WalnwrIght, B.A.
Jane Wilbur-Brown, A.A.

Profuem E1ret

William Phelps Allis, So.D.
Professor of Physics, Emeritus

Walter Carlisle Barber, Ph.D.
Professor of Physics, Ei aritus

Herbert Sage Bridge, Ph.D.
Professor of Physics, Emeritus

Harald Anton Enge, Dr. Phil.
Professor of Physics, Emeritus

Robley Dunglison Evans, Ph.D.
Professor of Physics, Emeritus

George Graham Harvey, Ph.D.
Professor of Physics, Emeritus

Albert Gordon HUl, Ph.D.
Professor of Physics, Emeritus

Robert Inslee Hulsizer, Jr., Ph.D.
Professor of Physics, Emeritus

Benjamin Lax, Ph.D.
Professor of Physics, Emeritus

Milton Stanley Livingston, Ph.D.,
So.D.
Professor of Physics, Emeritus

Phlip Morrison, Ph.D.
Institute Professor, Emeritus
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

Lasulo TiWA, Ph.D.
Professor of Physics, Emeritus

George Edward Valley, Ph.D.
Professor of Physics, Emeritus

Bertram Eugene Warren, Sc.D.
Professor of Physics, Emeritus

Victor Frederick Weleskopf,
Ph.D., So.D.
Instiute Professor, Emeritus
Professor of Physics, Emertus
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School of Science 240

Pepartment of Physics
(Course 8)

Undergraduate Study

The Department of Physics offers undergradu-
ate, graduate, and postgraduate training, with
a wide range of options for specalization.

The emphasis of both the undergraduate cur-
riculum and the graduate programs Is on un-
derstanding the fundamental principles that
appear to govern the behavior of the physical
world, from phenomena in the small-scale do-
main of subatomic particles to the large-scale
structure of the universe, spanning a spatial
range stretching from 10 -cm to 10scm. 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, to ther-
monuclear plasmas, the physics at extremely
low temperatures or extremely high pressures,
to the evolution of stars, the large-scale struc-
ture of the universe, and the mystery of
gravity.

The Department has extensive facilities for ex-
perimental research as described In the sec-
tion on graduate study. Many of these are
accessible to interested undergraduates, in the
context of the Undergraduate Research Op-
portunities Program (UROP). Students are en-
couraged to enrich their curriculum by taking
advantage of this opportunity.

Students may find t advantageous to elect 6.071 Introduction
to Electronics or 6.002 circuits and Electronics in the second
term of the second yesr, to complete the Science Distribution
Requirement
2
0.11 or 8.12 is suggested. The Institute Laboratory
Requirement will not be satieled by 8.13 or 8.14.
3
8.211 may substtute for 8.04.
4
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 or the S.S. degree beyond the General Institute
Requrement.
5
Catalogue descriptions Indicate subjects which cannot be
used for this purpose. Students planning to do graduate work
In physics would normally take the theoretical sequencs 8.06
and 5.07.

Bachelor of Science In Physics
Course Vill

An undergraduate degree In physics provides
a good basis, not only for graduate study In
physics and related fields, but also for profes-
sional work in such fields as astronomy, bio-
physics, engineering and applied physics, and
geophysics. Many students have also found it
to be an excellent preparation for subsequent
graduate work In professional schcols of medi-
cine, law, and management. The undergradu-
ate curriculum In physics offers students the
opportunity to acquire basic competence In the
fundamentals of both experimental and theo-
retical physics. The central core of require-
ments for the Bachelor of Science Is designed
not only to accomplish this objective but also
to provide opportunity for students to select
from a considerable variety of subjects and to
proceed at the pace and degree of specializa-
tion best suited to their Individual capabilities.

It Is suggested that in the second year stu-
dents take 6.071 Introduction to Electronics or
6.002 Circuits and Electrrnics, in order to ac-
quire a familiarity with sore topics In electrical
engineering. This is also the year for a pro-
spective physics major to take a project labo-
ratory. The pnysics project labs, 8.11 or 8.12,
are recommended as an introduction to exper-
Imentation In physics.

In the second year, a student will also get a
first exposure to 8.04 Quantum Physics, and
8.044 Statistical Physics. (Students of the
class years 1986 and 1987 have the option of
using either 8.044 or 8.08 to satisfy the re-
quirement in statistical physics. For students In
the class of 1988 and beyond, 8.044 is the re-
quired subject.)

in the third year, students will normally take
8.13 and 8.14 Experimental Physics and 8.05
Quantum Physics II. Students should also be-
gin to sign up for the restricted elective sub-
jects, two in mathematics and at least one in
physics. The subjects 18.04 Complex Vari-
ables with Applications (or 18.075 Advanced
Calculus for Engineers) and 18.06 Unear Al-
gebra are of particular interest to physics ma-
jors. Students planning to do graduate work
will also want to 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 astrophysics,
condensed matter, plasma and atomic phys-
Ics, as well as nuclear and particle physics, al-
lows the student to obtain a closer
acquaintance with these fields.

Bachelor of Science In Physics
Course Vill

Degree requirements applicable to the Class
entering MIT In September 1986 (Class of
1990) and subsequent Classes:*

Genea titute Requiremn 17 subl

Science Requirement I
Humanism, Aft, and Social ScienOW
Requirement . 5
Science Distribution RequIrement [2 subjects can be
saised by 8.03 and 18.03 In the Departmental Program]' 3
Laboraory Requirement 1

TOTAL subjects 1F
PLUS

Departmental Prcgramn units

Suect names below are soWed by crea unt,
and by pWquw Ir any (coAeesteIn 40as)
Required Sublects: 1n

8.03 Physics 111, 12; 8.02,18.02
18.03 Differential Equations, 12; 18.02
8.04 Quantum Physics is, 12; 8.03", 18.03
8.044 Statistical Physics I, 12; 8.03,18.03
8.05 Ouantum Physics 1I, 12: 8.04"
8.13 Experlmental Physics I, 16; 8.04
8.14 Experimental Physics It, 15; 8.04, 8.05

Thesis4 (12 units)

Rstrited aleives: 38
Two sublects givn by the Department
of Mathematics beyond 18.03 (24 unite)
At east one subject given by the
Department of Physics in addition to
tme IsO above& (12 units)

Units In Depautmental Progrn that also satify the
General insttute RequIrements (4)

unretricted Electives 0

Total units Requird fcr the 5.5. Degree Seycnd the
Genermuneitute equImente ISO

The degree requirements applcb to clams that emted
MIT prior to September 1O6 are given at the end of the
descrption of the departments undergraduate program.

Allmsts prarquitas ar also given In the subject
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In the fourh year, the theoretOial sequence
can be coninued with 6.07 Eleotomagnediem
iI and 8.06 Otatistial Physics II. Students In-
tending to coninue with graduate studIes In
Physics are encouraged to take both parts of
this theoretal physics sequence.

An Important component of the physics pro-
gram Is the undergraduate thesis, which Is a
projt carried out under the guidance of a

uty member. Many thesis projects In the
recent past have grown out of the Undergrad-
uste Research opportunities Program. It Is
advisable that students have some Idea of a
thesis topic by the middle of their junior year;
they are requIred to submit a thesis proposal
prior to registering for S.ThU. In order to Intro-
duo students to the research activities In the
department, undergraduate physics colloquia
are held weekly. .

A relatively large amount of elOOve time usu-
ally becomes available during the fourth year
and can be used effeotively In a variety of
ways, in physics or on other subjects.

The VIII-A Program:
Physlos with Wesa EngIneering

This program, offered in cooperation with the
Department of Electrical Engineering and
Computer Science, Is designed for students
who wish to supplement the regular Physics
Curriculum 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 par-
Ucipatig departments certifying successful
complio of this program.

The program should be of particular Interest to
physics majors who wish to broaden their ca-
roer options after receiving the bachelors de-
gree and to those who plan graduate work In
experimental physics. Students acquire a thor-
ough foundation In both the theory and appli-
cadon of analog and dIgitai reectronlo systems.

To receive cerifloation, a student must com-
plete the following subjects In addition to the
Required Subleotks In the regular Physics
program:
6.001 Structure and Interpretation of Com-

puter Programs, 15
6.002 Circuits and Electronics, 15
6.003 Signals and Systems, 15
6.012 ElectronWc Devices and Circuits, 12
8.07 Electromagnetism 11, 12

Depending upon career objectives, a student
may wish to fulfil the Institute Laboratory Re-
quirement by tadng 8.111 Introductory Digital
Systems Laboratory, 12.

Inquiries

Additional information conceming degree pro-
grams, admissions and financial aid may be
obtained by writing to Dr. Alan J. Lazarus, c/o
the Physics Undergraduate Office, Room
4-352, MIT, Cambridge, Massachusetts
02139, (617) 253-4841.

Bahelor of Solenos In Physlos
Course Vill

Degree requirements applicable to Classes
that entered MIT prior to September 1986
(through the Class of 1989):

general Inestute equIments Total Unt

soens RequIement s
Humanities. Arts, and Social Sciences
RequIrement 73
Science Distributon Requirement can
be satisfied by 8.03 and 18.03 In the Departmental
Program, plumsPoplae subjecte
totalg 12
Laboratory Rsequirementg 12

Dopartmental Progom

Suwvect names blow are Wowed by eaudt unis.
and by prerequWe if any (oauquIeslte In Wtui)
Required Subleots: 102
8.03 Physics I1, 12; 8.02,18.02

18.03 Oterdl Equations, 12; 18.02
8.04 Quantum Physics l3, 12; 8.03*, 18.03
8.044 stncal Physics 1. 12; 8.03, 18.03
8.06 Quantum Physics 11, 12; 8.04*

8.13 Eperimental Physics 1, 16; 8.04

8.14 Experimental Physics 11, 15; 8.04, 8.05
ThesIs' (12 units)

RestrIcted sletive: 38
Two sublects given by the Deparnent
of Mathemtnce beyond 18.03 (24 units)
At least one sublect given by the
Department of Physics In sddition to
those Risted above (12 unkts)

Unrestricted lotives As

Total Unte Naquired for the S.3. Degree s

Note ht this program can be aoompklhed within te
required 380 unis for he S.. degre. -

* Alternae prerequistes are also given In the subject

Students may find It advantageous to elect 8.071 Introduction
to Electronics or 6.002 Circuits and Electronics in the second
term or the second year. to complete the Science DistdbutIon
Requirement.
2
8.11 or 8.12 is suggested. The Institute Laboratory
Requirement wil not be sa ed by 6.13 or 8.14.
3
8.211 may subeatute for 8.04.
4.-
A thesls oi 12 unlt is required. Not more than 30 unls o
thesle credit may be Included In the minimum of 38 unt
required for the B.8. degree.
8
catalogue desorpiOns indicale subjet which cannot be
used for this pupcse. Students planning to do gradue work
In physics would normally taeO the thoreoal sequence 8.06
and 8.07.
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Graduate Study

The Department offers prrams leading to
the degree of Master of In Physics,
Doctor of Philosophy, and the Doctor of Sol-
enos.

Master of Siolene in Physics

The requirements for the Master of Science in
Physics are the General institute Require-
ments listed in Chapter IV. The masters the-
e must represent a piece of independent
research work, in any of the fields described
below, and carded out under the supervision
of a Department faculty member. No fixed
time is set for the completion of a master's
program; two years of work is a rough gulde-
line. There is no language requirement for this
degree.

Doctor of Philosophy and Doctor of
Solonos I

Candidates for the Doctor of Philosophy or
Doctor of Science are expected to enroll in
those basic graduate subjects that will prepare
them for the General Examination, which must
be passed no later than in the sixth term after
initial enrollment, No spooi subjects of study

re 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 pleos of original
research, carded out under the supervision of
a Department faculty member.

The Department faculty offer subjects of in-
struction, and are engaged In research In a
variety of filds in experimental and theoretical
physics. This broad spectrum of activities is
organised in the dMlonal structure of the De-
partment, presented below. Graduate students
are encouraged to contact faculty In the dM-
sion of tb"r choice to inquire about opportuni-
ties for research, and to'pas through an
apprenticeship (by signing up for "Special!
Problems in Graduate Physics") as a first step
toward an engagement in Independent re-
search for a doctoral thesis.

Research Divisions

The Astrophyslos Divilion of the Depart-
ment has a varied ram of observations
across the entire e r net spectrum,
with principal emphasis on the radio, infrared,
and X-ray parts, where modem electronic
methods must be used. This work is comple-
mented by theoretioal work emphasizing high-
energy phenomena stllar evolutin and gal-
acdo structure. Astrophysical plasmas are also
an important area of study, both through the
use of space probes and by complementary

theoretical study. Research in astrophysics is
a rapidly growing fiold at MIT, and, because of
the strongly Interdisciplinary and Interdepart-
mental character of work In this area, a fuller
description of it is found In the section entitled
Astronomy and Astrophysics In Chapter Vi.

Research activities in the DivIsion of Nuclei
and Particles include the broad fields of nu-
clear reaction and heavy Ion physics, interme-
diate-energy nuclar structure physics, and
high-energy fundamental particle physics. The
experimental research In these areas is based
on MIT's 800 MeV Bates Linear Accelerator
and on the aooelerators at Brookhaven Na-
tional Laboratory, the Fermi National Accelera-
tor Laboratory In Batavia, Illinois, the Stanford
Linear Accelerator, CERN (Geneva), the elo.
tron-posltron collder at DESY (Hamburg, Ger-
many), and the Gran Sasso underground
laboratory at Frasoati (Italy).

The lreand active program In Soli-State
Laser, Paaand Atomic Physics pro-
vides students with ample opportunities for
study and research in these fields. Equipment
is available for spectroscopio studies at radio,
microwave, infrared, and optical frequencies.
Currently available are faciltes for the produc-
tion of low temperatures, high pressures, and
magnetic filds up to 100,000 gauss and for
the study of matter using neutron diffraction
techniques. A mnot capable of producing a
steady magnetic fed of 250,000 gauss is
available at the-Bitter National Magnet Labora-
tory. The 6,000 kw MIT Research Reactor is
used for neutron diffraction studies, and the
extensive facilities of the inforafon Process-
ing Center and the Laboratory for Computer
Science are available for research involviig
high-speed computation.

The chief emphasis of the Nuclear and Parti-
ole Theory research at the Center for Thea-
retical Physics is on understanding the
fundamental particles of nature, as revealed
by their Interactions and by their decay, and
on the characteristic quantum modes of mo-
ton of systems composed of strongly interact-
Ing particles such as atomic nuclei. Work is
also conducted on theoretical astrophysics, as
well as on the properties 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 theodsts Including profes-
slonal staff, postdoctoral fellows, senior vial-
tore, and graduate students engaged in
research In theory. Opportunities for communi-
cation 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 Centers strength.

Much of the research in the Department is
carried out as part of the work of various Inter-
departmental laboratories and centers, includ-
Ing the Laboratory for Nuclear Science, the
Research Laboratory of Electronios, the Spec-
troscopy Laboratory, the Center for Materials
Science and Engineering, the Center for
Space Research, the Bitter National Magnet
Laboratory, the Plasma Fusion Center, and
the Program on Sciences and Technology and
Intemational Security. These facilities, most of
which are described in Chapter VI, provide
close relationships among the research acivi-
ties of a number of MIT departnts and give
students opportunities for contact with re-
search 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 Bache-
lor of Science in Physics from MIT. However,
some deficiencies may be removed in the
course of graduate work.

Inquhie

Additional information on degree programs, re-
search activities, admissions, financial aid,
teaching and research assistantship* may be
obtained by writing to Professor George F.
Koster, Physics Graduate Office, Room 6-107,
MIT, Cambridge, Massachusetts 02139,
(617) 253-4851.
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The Whitaker College of Health Sciences,
Technology, and Management

In 1977, MIT established the Whitaker College
of Health Sciences, Technology, and Manage-
ment to provide a major academic and admin-
istrative focus for the extensive development
of health-related activities at the institute. The
College represents a major commitment by
MIT to marshal its resources and strengths In
science, engineering, and management In or-
der to foster progress In the biological and
health sciences and to improve the quality of
health care. Since health-related activities in
education and research transcend the con-
coma of any single department or School of
the Institute, the term "college" is being used
for the first time at MIT.

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 disci-
plines for their ultimate solution. These disci-
plines include not only biology and chemistry,
but also physics, mathematics, various
branches of engineering, computer science,
cognitive science, economics, and manage-
ment. Faculty members Involved In the educe-
tional and research programs of Whitaker
College hold joint appointments in the College
and in other Schools, departments, and inter-
disciplinary laboratories at MIT.

The director of Whitaker College Is Dr. Emillo
BiI, Eugene McDermott Professor in the
Brain Sciences and Human Behavior.

In defining the programmatic objectives of
Whitaker College, MIT has sought to identify
the fields in which the College can play an es-
pecially effective role by developing new activ-
Itles, fortifying existing programs, and
amplifying opportunities for faculty members
and students. The College has Identified four
intellectual fool, which now serve as the basis
for its divisions. These are the newly formed
Department of Brain and Cognitive Sciences,
the program In Biological Imaing, the pro-
gram in Human Biology and Experimental

J, Medicine, and the program in Health Policy
and Management. Several graduate programs
are being developed in the Colege. The De-
partment of Brain and Cognitive Sciences has
Ph.D. programs in neuroscience, computation,
and cognition. The Ph.D. program in health
policy and management (described here) ad-
mitted its first class in September 1963. The
interdepartmental Ph.D. program in Biomedical
Engineering also operates under the auspices
of the College. (See the program description
in Chapter VI.) In addition, the Ph.D. program
In Radiological Sciences Is operated under the
Joint auspices of the College and the Depart-
ment of Nuclear Engineering.
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The Dootoral Program in Brain and
Cognitive Solences

The newly formed Department of Brain and
Cognitive Sciences, created by a merger of
the Department of Psychology with previously
existing programs In Whitaker College, offers
graduate sudy leading to doctoral degrees in
the brain sclences and the cognitive sciences

The new department will enhance MIT's ongo-
Ing interdisciplinary efforts to understand the
human brain. The study of the complexities of
the brain requires an approach which com-
blnes the experimental technologies of neuro-
biology and psychology with the theoretical
power coming from the fields of artificial Inteill-
gence and linguistics. Graduate students in
the doctoral program In brain and cognitive
sciences will follow a curriculum which affords
the opportunity for broad study In a variety of
relevant fields.

A more detailed description of the graduate
program in brain and cognitive sciences ap-
pears on the following pages.

The Dotoral Program in Health Polloy
n Management

The goal of this program is to generate an un-
derstanding of the manageral/insitutional con-
text that determines the allocation of health-
care resources, as well as an understanding
of the scientifi and technological Issues in
medicine. The program draws on faculty from
the Departments of Economics & .. Political
Science and the Sloan School of Manage-
ment, as well as other departments and
Schools throughout the Institute.

The program offers a three. to four-year doo-
toral curriculum for new entrants Into the
health policy and management fled. The pro-
gram may be completed in a shorter time by
matriculants with advanced preparation.

The core curriculum of the program provides
the scientific methodology and tools needed to
understand health policy and management,
and offers alternative perspectives on ways to
resolve policy and management Issues in the
field. Degree candidates are required to ape-
cldize in a related underlying discipline. Each
Ph.D. candidate develop, an advanced track
of disciplinary study, such as economics, polit-
Ical science, or management. Students may
design atemative courses, subject to faculty
approval. In addition, each doctoral student is
expected to carry out an independent research
project, preferably In a clinical setting. The
doctoral dissertaion generally requires one
year of field study and/or analysis, after com-
pletion of the qualifying examinations.

Applications are encouraged from physicians,
medical students, and others who have com-
plated two years of basic medical sciences or
who demonstrate equivalent knowledge or
preparation. All successful candidates will re-
ceIve stipends to defray tultion and iMng ex-
penses from funds granted to MIT by the
Henry J. Kaiser Family Foundation. Applica-
tions for admission to the program may be ob-
tained from Stan N. Finkelstein, M.D., Director,
Laboratory for Health Care Studies, E25-143,
MIT, 77 Massachusetts Ave., Cambridge,
Massachusetts 02139, (817) 253-5285.

The Dootoral Program in Radiological
Soleness

A new graduate program entidid Radiological
Sciences has been developed to educate stu-
dents In the varied applications of radiation In
medicine and to expand the research frontiers
in this area. In addition to a central concem
with Ionizing radiation, Radiological Sciences
encompasses more recent technologies em-
ploying other forms of radiation, such as ultra-
sound and laser light, and other diagnostic
techniques, such as nuclear magnetic reso-
nance. The curriculum In Radiological Sci-
ences Is a four- to five-year commitment
leadin to the Ph.D. or Sc.D. degree awarded
by MI.

Students In Radiological Sciences may pursue
their academic and research objectIves in any
one of four specialty areas: medical therapy,
Imaging and diagnostic technology, radiation
blophyc, and radlopharmaceudioal chemis-
try. While most core Radiological Sciences
subjects will be taken at MIT, student research
can be conducted at Harvard-affiiated hospi-
tale, Harvard School of Public Health, and
MIT, depending on the student's specialty
area.

In the area of medical therapy, students will
probe questions and methodologies which
have an impact on human disease treatment.
Imaging and diagnostic technology research Is
carried out mainly at the hospitals where inno-
vative methods for the noninvasive examina-
tion of internal body structure and physiology
are explored. A major goal in this area of
study is the development and improvement of
radiological diagnostic techniques.

In the area of radiation biophysics, research Is
focused upon radiation effects at the cellular
and suboellular levels In an effort to better un-
derstand the basic biological response to irra-
diation. Several of the current radiation
biophysics pursuits are conducted at the elec-
tron microscope level and emphasize physical
mechanisms in radiation action.

Radlopharmaceutical chemistry Is a rapidly ex-
panding discipline due to the many recent
breakthroughs i nuclear medicine and Isotope
use In biology. MIT and the Harvard-affillated
hospitals offer outstanding research facilities In
this area of study.
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The program In the Radiological Sciences Is
structured s follows: The student should p
py for admisuion to the MIT Department of

uclear Engineering. If admitted, the student
will pursue a graduate program leading to a
masters degree In Nuclear Engineering. At
the and of the second year, he or she must
pan qualifying examinations requiring general
radiological science preparation and covering
the student's specialty area, prior to the InitIa-
tion of doctoral research In the third year. The
student should be able to complete the doc.
toral research In two to three years and con-
dude the program with a thesis defense
before the Nuclear Engineering departmental
faculty.

To be considered for acceptance Into the
p ram, students must have completed a

er's degree in physical science or engi-
neering. Additional preparation In physics,
mathematics, computer science, and blochem-
ltry Is highly recommended. The GRE Apti-
tude Teat and one Advanced Teat are als6
recommended.

Students who enter the program with the mas-
taes degree must, as a minimum, complete
the Radiological Sciences subject require-
ment during the initial phase of the program,
or demonstrate competence in the required
subject areas.

On the application form, students applying to
the Radiioloal Sciences Program should lat
"Nuclear Engineering" In the space for "De-
partment," and "Radiological Sclences" In the
space for "Area of research interest." Applica-
tions may be obtained from the MIT Office of
Admissions, Room 3.103, Cambridge, Massa-
chusetts 02130. The application deadline Is
January 14. Subsequent acceptance Into the
program requires an affirmative asesment
by the Radiological Sciences Review Commit-
tee.

Interested students should contact Dr. Alan C.
Nelson, Room E25-330, MIT, Cambridge,
Massachusetts 02139, (64 7) 253-5799.
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Department of Brain and Cognitive Sciences
(Course 9)

Undergraduate Study

I

The study of mind, brain, and behavior has
rown in recent years with unforeseen rapidity.
ow aveiue of approach, opened by devel-

opments In the biological and computer aol-
anms, raise the hope that human beings, who
have achieved conmiderable mastery over the
world around them, may also come closer to
an understanding of themselves. The goal of
the Department of Urain and Cognitive Sl-
ences is to answer fundamental questions
cvnnoemlng the nature of biological inteli-
g' as. To this end, the department Is focusing
on three themee: neuroeclence, computaton,
and cognition.

In the area of neurosclenoe, Investigators are
using a number of new approaches ranging
from molecular biology to biophysics, genetics,
and phy . The a of
these techniques is leading to exoting findings
about the nervous system that provide a new
understanding of fundamental mechanisms of
brain function. In turn, these Insights have the
profound clinical implication of generating a
framework for the treatment of-neurologloal
and psychitric disorders.

The computation approach Is an interdiscipl-
nary combination of the experimental technol-
ogies of neureclenoe with the theoretical
power coming from the filid of artificial intelii-
gence. This approach is providing new Intel-.
lsotual thrust in a number of areas in the
neural and cognitive sclences Including vision
and motor control,.

in the area of cognition, human experimenta-
tion is combined with formal and computa-
tional analyses to understand complex
intelligent prcss uhas language, rea-
scning, advisual information proceesing.
Such research is beginning to answer age-old
questions about the nature of mind, and Is
also leading to applictione in education, artifi-
ciel inteligence, human-machine Interaction,
and the treatment of cognitive and language
disorders.

Research actvlies are carried on in the de-
partment's iaboratorles In cloee coliaboration
with the teaching programs. Research in neu-
roblology focuses on the development of
neural connectivity, the molecular baels of be-
havior in simple neural circuits, and neuro-
chemistry. in the area of systems
neuroeclence, the main concem is with vision
and motor systems, where the scientific alms
are to understand transduction and encoding
of senoysimuil into nerve meesagse, the

iio and development of senory-mo-
ter astems, the prcieesIng of sensory-motor
informanon, and the sensory-motor peror-
mance of organisms. Pereption research at-
tempts to understand the endoding of color,

lightness, form, and depth Information by the
visual system and the development of these
processes in infants. In cognitive science, re-
search Is focused on psychonu , includ-
ing sentence and word proesn, lanu
acquisilon, and aphaaa; visual cogniio, In-
cluding reading, imagery, attention, and per-
oeption of complex pattems such as faces and
objects; and reasoning, Including leaming,
probabilistic reasoning, and the nature and de-
velopment of concepts. In all areas of re-
search covered by the Department, the study
of neurologically Impaired patients is an Impor-
tant source of additional data.

Department facilites include equipment for
studies ranging from molecular neurobiology
to eletophyslology, neurotranamitters, pey-
chophyslcs, human information processing,
and linguistics. The Department maintains a
machine shop, an electronlo shop, and a spe-
clalizsed library. The mult-user laboratory of
the Center for Cognitive Science provides
computational facilties for real-time experi-
mental control, data analysis, modeling, and
linguisti analysis, and is a mejor resource for
research activites on human Information proc-
esing and psycholinguists. Students and
facuty also may use the facilities of other MIT
departments and may ccnupy office and labo-
ratory in Interdepartmental centers such
as the al Intlgence Laboratory, the
Center for Cognitive Science, and the Clinical
Research Center.

Undergraduate Offerings

Subjects at the undergraduate level normally
begin with 9.00 introduotion to Psychology,
9.SgJ Introduction to Cognitive Science, or
9.90 Human Development: Individual and So-
cial Perspectives. More advanced subctare
avallabe in the areas covered by the Depart-
ment. Por all undergraduates, many subjects
may be taken to fulfill the Institute Require-
ment In the Humanities, Arts, and Social SOd-
saces. Students Interested In developing
strong backgrounds In cognitive science
should c the Bachelor of Science in
Cognitve Science.

wauhelor of Solenoe In Cognitive Solence
Course IX

Cognitive science is an evolving field of study
concerned with the psychology of human intel-
lect. Central issues In the discipline Include
the structure, acquision, use, and intemal
representation of human language, the Inter-
pretation of sensory experience, the develop-
ment of formal and Informal reasoning sidls,,
the manipulation and storage of Information
within the nervous system, and the planning
and execution of motor activity.

The Bachelor of Science in Cognitive Science
prepares students for graduate training In psy-
chology, Hngu , losophy, or aspects of
artal intelligence (partioularly those aspects
concemed with vision) as well as for further
work In the area of efiolent human-machine
Interaction.

Methods of Inquiry in ognte science are
drawn from cognitve and perceptual pschol-
ogy, computer science and arifial Inl-
gence, lnguisios, phicsophy of language and
mind, neuroolence, and relevant parts of
mathematics. The undergraduate program is
designed to provide instruodon in the relevant
aspects of these various disaciplines. The pro-
gram is administered by a committee made up
of faculty members from these disciplines who
also serve as advisors to ors, them
select a coherent set of subc within re-
quirements, including an Independent research
project. Members of the committee are avail-
able to guide the research.

Ldiw..Aw
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Graduate Study

Bachelor of Solence In Cognitive Sclence Bachelor of Sclence In Cognitive olence The Department offers programs of study
Course IX Course IX leading to graduate degrees in Brain Sciences

and Cognitive Sciences. The programs are
Degree requirements applicable to the Class Degree requirements applicable to Classes designed to prepare participants to teach and
entering MIT in September 1966 (Class of that entered MIT prior to September 1966 do original research.
1990) and subsequent Classes: (through the Class of 1989):

Ga Insttute nequlmemsent 17 sublests

snos esc emn

Humanities, At, and Social Scienoes Requirement [3
iblsot can be sealaled by subject In the Deprtmental

Program (for the Field of Concentration))
Science Oistributon Requirement
Laboratory Requirement

3.

TOTAL Sublects 17
Pl.us

ospegnental Pogram Unite

surWor namee below we rilowed by oredlt unit,
&a y prqafes N any (WMooWq e In aNiO)
aulied sublaote: 754
S.624 Introduction to cognitive ScIence, 12

one of VW sioAwg hwo twato:'
24.241 Logic 1, 12

6.048J Automata, computability, and Complexity, 12;
18.310 or 18.063

Four of the kcowihg aix etveote:
24.*. The Study of Language. S

9.66 cognitive Processee, 9
6.001 structure and Interpretaon of computer

Programa, 16
9.01 Neuroec and Sehavior, 12i 9.624"
9.35 Perceptual Information Processing, 9; 9.62J"

24.119 Minde and Machlnee, 12

Twelve units of independent research In the senior
year (requires prior approval of the advisor): 9.0,
9.91, 9.92, 24.292, or 24.2M3

aestrtted Elueev 4
A total of 46 additional units, to be chosen with
approval of the atudlentas faut advisor, from lafte
(provided by the Department) of sMeM in:
Experimental cognitive Psychology, Aspects of
Natura Language, Neurological Foundations of
contin Perception, Natural Computation, and

of Mind. Normally, the choice wit be
consalned by the sublects chosen under the
Reuid subs above.

unte In DOePartental roram that als atafy the
eneraltt"tu urm-t 12743)

Unretoted asetve74

Total Unite Requre for the 5.5. Degre Beyond the
General Insitute Requfemente

Geneml instute Raqremenlt total Unte

Science Requirement so
The Humanifse, Arts, and Scal
Sciences Requirement can be
saiefed by sutleets In the
Dep,mental Program (for the
Filid of Concentrai), plus
appropriate eubleots totalung 4s
Science Distribution Raquirement U
Laboratory RequIment 12

papelenta Program

Su4ecr name. below ame Wowed by aredim us,
and by preuWte If any (orequelt In 11alfs)
Requaed Subjeots: 72.1

9.&2J Introduction to cognitive Sclance, 12
One of OW Wnowng two Niots:'
24.241 LogIo 1. 12

6.045a Automata, computability, and Complaxty, 12;
18.310 or 18.063

Four of the olowing ea& sitVects:
24.900J The Study of Language, 9
9.65 Cognev. Promeeaee, 9
6.001 Structure and Interpretation of computer

Program, 18
9.01 Neuroeclence and Behavior. 12; 9.624'
9.38 Perceptual Information Processing, 9; 9.62J.

24.119 Minds and Machines, 12
ph,
Twelve unit of independent research in the senior
year (requires prior approval of the advisor): 9.80,
9.91, 9.92, 24.292, or 24.203

Restriuted Elett"vee: 4
A total of 48 additional units, to be chosen with
approval of the students faculty adviaer, from tieta
(provided by the Department) of subjects In:
ExpWimenta cognitive Psychology, Aspects of
Natural Language, Neurological Foundatione of
Cognition, Perception, Natural computation, and
Ptiliosophy of Mind. Normally, the choloe wilt be
conewtralned by the sublet choen under the
Required Subects above.

Unrestrilted leeoNves 7?

Total UnIte nequired for the 5.1. Degrse sel

10

-Tha degree requirements applicable to Classes that entered
MIT prior to September 1966 are given at the end of the
description 01 the department's undergraduate program.
"Altemate prerequiells are also listed in e go sub

i oon

34.72 alao nelfses te requtrment.

Entrance Requirements for Graduute
Degress

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
then requirements may be considered by the
Department on a case-by-case basis.

Doctor of Philosophy

General Institute requirements for the Ph.D.
are given In Chapter IV. Formal course work,
described below, Is Intended to prepare the
student to pass the general examinations and
do original thesis research. The general exam-
inations will be given in May or June of the
becond year. There is no language require-
ment for the doctorate.

Specific course requirements vary with the
area of specialization. Course work for the de-
gree in Brain Science Is Intended to reflect
both the unity and diversity of this area. All
students will take an intensive course in the
essentials - from molecular and cellular fea-
tures of neurons, through physiology and
anatomy, to the study of sensory and motor
systems and the principles of neural compute-
tion. Further course work will be diversified to
give each Individual the appropriate back-
ground for research in his or her area. Course
work in Molecular Neurobiology (organized
in collaborailon with the Department of Biol-
ogy) will emphasize the current genetic, molec-
ular, and cellular approaches to biological
systems that are necessary to generate ad-
vances In neuroscience. Training in Systems
Neurosolence will cover neuroanatomy, neu-
rophyslology, and neurotransmitter chemistry,
concentrating on the major sensory and motor
systems In the vertebrate brain. Specific ties
to molecular neurobiology or computation may
be emphasized, depending upon the specific
research interests of the student. Course work
for students in Computational Neurosolence
is Intended to give both a practical under-
standing of how the vertebrate brain is organ-
ized and a theoretical background for dealing
with computational aspects of biological infor-
mation processing.

Altemat prrequielle we as Nled in the suet

7. IT" _rTP7
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Candidates for a degree In Cognitive Sol-
eness take an Intensive survey course In oog-
nition, Core Course In topics such as
language processing, languso acquisition,
cognItive development, perception, natural
omputation, and visual Information process-
Ing, and additional courses outside the De-
partment that are relevant to the student's
program of research (lingulist philosophy,
logic, mathematics, or compuer sciences).
Competence In statistics is also required. The
focus of the training p ram, however, is on
faculty-supervised c, which students
begin during their first year and continue
throughout their graduate careers.

By the end of their first year, students select a
research advisor on the faculty and arrange
for a program of Individual research on a topic
of mutual Interest. After the general examina-
tions, the principal activity of the student will
be In carrying out independent research, ac-
quirIng proficiency by hands-on experience
and by Individual discussions with the re-
search advisor. It Is expected that the re-
search embodied In the Ph.D. dissertation will
be original and significant work, publishable In
sientIfc Journals.

Assistantehips and Fellowships

Financial assistance is available to qualified
applicants In the form of traineeships, re-
search asslstantshIps, and a limited number of
fellowships, subject to availability of funds.

Inquiries

Additional Information regarding teaching and
research programs in the department, admis-
sions, assistantships, and financial aid, may
be obtained from Jan Nagle, Department of
Brain and Cognitive Sciences, Room E25-406,
MIT, Cambridge, Massachusetts 02139, (617)
253-5741.
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Additional Programs

Harvard-MIT Division of Health Sciences
and Technology
(HST)

Harvard University and MIT are engaged In a
major collaborative effort, the Harvard-MIT Di-
vision of Health Sciences and Technology, de-
signed to focus science and technology on
human health needs. In this DMslon, the com-
plementary resources and strengths of both
Institutions are being directed to the education
of physicians, medical enginoers, medical
physicists, and other health scientists, and to
the effective application of modem science
and technology to major health problems.

The DMsion represents a fusion of the grow-
ing 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 ac-
tively engaged In education, research, and
development.

The Division offers two educational programs:
a curriculum In Biomedical Sciences leading to
the M.D. degree, and a curriculum In Biomedi-
cal Engineerng and Physical Sciences leading
to the Ph.D. degree.

The educational program In Blomedical Sol-
senoe Is oriented toward students with a
strong interest and background in quantitative
science, especially In the biological, physical,
engineering, and chemical sciences. The sub-
jects In human biology developed for this cur-
riculum represent the joint efforts of life
scientists, physicians, physical scientists, and
engineers selected from the faculties of both
universities. The subjects are presented at
Harvard Medical School or at MIT.

The programs of study are formulated to meet
the interests and needs of the Individual stu-
dent. The student is encouraged to pursue ad-
vanced study In areas of Interest that may
complement the courses offered In the Divi-
sion. Such study may be undertaken as part
of the curriculum leading to the M.D. degree
or may be pursued In a combined M.D.-
masters degree or M.D.-Ph.D. program. HST
students jn the students of the regular Har-
vard Mecal School curriculum In the clinical
clerkships. HST students are expected to
choose a field of concentration in which they
spend approximately one half of their elective
time. Faculty tutors provide guidance In the
choice of subjects and In the pursuit of Inde-
pendent study. Prior to graduation, students
are expected to present evidence of scholarly
work in the form of a thesis based on labora-
tory research, clinical investigation, critical
analysis of a significant medical problem, or
other activities approved by the faculty tutors.

The programs of study are designed to de-
velop physicians with a strong quantitative sci-
ence base, e.g., a cardiologist with knowledge
of fluid mechanics and slectrophysology; an
Internist with experience In molecular biology
and biochemistry and qualified to study and
treat metabolic disorders; a neurologist ac-
quainted with concepts of computer science
and artificial Intelligence; an orthopedic sur-
geon with extensive knowledge of mechanical
engineering; a physiclan-administrator with ex-
tensive knowledge of the planning and man-
agement of health services.

Approximately 30 students are admitted each
year as candidates for the M.D. degree at
Harvard Medical School. Exceptionally well
qualified undergraduates at Harvard, Radcliffe,
and MIT may apply to the Division for admis-
sion after their junior year. Students consider-
ing such action should consult with the
Directors of the Division for guidance.

Further details on the Biomedical Sciences
Program and application forms may be ob-
tained from the Office of Admission, Harvard
Medical School, 25 Shattuck Street, Boston,
MA 02115. Applications must be submitted by
October 15 of the year prior to desired matd-
culation.

The doctoral curriculum In Blomedical Engi-
nesring and Phyeloal Solenose prepares in-
dMduals who will be thoroughly grounded in
an engineering discipline or In physics, and
who will also have extensive knowledge of hu-
man biology and clinical medicine. Graduates
are well prepared for Independent Interdiscipli-
nary research at the Interface of technology
and medicine.

There are four major components to the cur-
riculum: 1) an Intensive graduate program in
an engineering department or In physics,
which Includes electives in biomedical engi-
neering subjects'; 2) a series of subjects In
human biology, taken together with HST M.D.
candidates"; 3) specialized clinical training,
which Is ned to equip the student In con-
ducting e research In patient-care envi-
ronments, and to thoroughly understand the
process of medical declslon-making and the
role of technology in health care delivery; and
4) doctoral thesis research on a fundamentally
and clinically Important problem In medical on-
gineeing or medical physics.

The a.M Des. nlen steels, is read of aludmnts
-anoued wih departmnts et nonnaly reuaoe the S.M.
dW a pt of the doctoral prOgrn.

'The ascte MaT 010, H5T 030, HST 000, HST 100, H6T
110. and HOT 130J.

Approximately 10 students are admitted each
yaw Into the Ph.D. program. Students with un-
dergraduate degrses In engineering or physics
must apply for admission jointly to a graduate
department at MIT or Harvard, and to the NST
Division. Students who already possess a
masters degree In engineering or phys may
apply to the HST Division aoe. Applications
are due by January 15 of the year of desired
matriculation.

Pauilty

There are over 200 faculty members from both
MIT and Harvard Medical School associated
with the DMsion.

Further Information about the Division, Includ-
Ing a complete listing of the faculty and de-
ecription of all programs, may be obtained
from the office of the Directors of the Dvialon,
Room E25-519 at MIT, (617) 253-7470.

Information on the Interdepartmental study op-
portunities In blomedical engineering may be
found In Chapter VI.
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Additional Programs

Joint Program in Oceanography and Oceanographic Engineering
with the Woods Hole Oceanographic institution

MIT and the Woods Hole Oceanographic Insti-
tution (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:
physics, chemistry, geology, geophysics, and
biology. Oceanographic engineering allows for
concentration in the major engineering fields
of civil, mechanical, electrical, and chemical,
as well as materials science and ocean engi-
neering. The graduate programs are adminis-
tered by joint MIT/WHOI committees drawn
from the faculty and staff of both institutions.
Students accepted to the Joint Program have
access to the extensive Intellectual and phys-
lca resources available for advanced study at
both Woods Hole and MIT.

The Joint Program Involves several depart-
ments at MIT - Earth, Atmospheric, and
Planetary Sciences and Biology in the School
of Science; and Chemical Engineering, Civil
Engineering, Electrical Engineering and Com-
puter Science, Materials Science and Engi-
neering, Mechanical Engineering, and Ocean
Engineering in the School of Engineering. Fi-
nancial aid, offered as research assistantships
to most entering graduate students, Is suffi-
cient 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 particu-
lar MIT department, it is important that stu-
dents who wish to be considered for the Joint
Program indicate this intent on the front of
their applications.

Research at WHOI is devoted to using the
basic sciences and engineering to gain a bet-
ter understanding of 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 re-
search vessels ranging from 177 to 245 feet in
length, the deep-diving submersible ALVIN,
and a small coastal vessel. Computer services
are provided within WHOI and include links to
other institutions. A microwave link between
MIT and Woods Hole provides interactive
video-voice transmission for classes and a
high-speed data link for research. The library
facilities are shared with the Marine Biological
Laboratory and are supplemented by collec-

tions of the Northeast Fisheries Center of the
National Marine Fisheries Service and the US
Geological Survey's Office of Marine Re-
sources Branch of Atlantic Geology, all located
in Woods Hole. The village is situated on the
southwest comer of Cape Cod, about 80 miles
from Boston.

Subjects, seminars, and opportunities for re-
search participation are offered a both MIT
and WHOI. Place of residence is determined
by the student's selected program of study
and research Interests, and transportation Is
provided between institutions. Students also
have the opportunity to participate In oceano-
graphic cruises during graduate study.

The faculty of MIT, together with the WHOI
staff, offer a wide variety of formal and Infor-
mal courses in various aspects of oceanogra-
phy and areas directly applicable to ocean
science and engineering; both faculties are
equally involved in all levels of instruction. The
courses are supplemented by numerous semi-
nars, directed studies, and cross-registration
privileges with Harvard, Brown, and the Bos-
ton University Marine Program. Most courses
are offered on an altemate year program;
complete listings can be found in the course
descriptions of each individual department.

Physical Oceanography

Physical oceanography is the study of the
physics of the ocean. Its central goal is to de-
scribe and explain the complex motions of the
ocean. Principal research areas Include gen-
eral circulation, air-sea Interaction, shelf dy-
namics, 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 which have produced the pres-
ent composition of sea water and sediments.
Principal research areas include water column
geochemistry, sedimentary geochemistry, sea-
water-basalt interactions, and atmospheric
chemistry. The Departments of Earth, Atmo-
spheric, and Planetary Sciences and Civil En-
gineering offer programs with WHOI in
chemical oceanography and marine geochem-
istry. These programs lead to the degree of
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
processes that dete.mine the structure and
evolution of the ocean basins and their mar-
gins. Research Is being conducted in a wide
range of specialties including micropaleontol-
ogy, paleoceanography, petrology and vol-
canic, processes, seismology, gravity,
magnetics, heat flow, sediment dynamics, and
isotope geology. The Department of Earth, At-
mospheric, and Planetary Sciences at MIT of-
fers programs with WHOI in marine geology
and geophysics which lead to the Doctor of
Science 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 di-
verse, ranging from ecology and systematics
to biochemistry and physiology. The programs
in biological oceanography are coordinated by
the Department of Biology and WHOI, and
may involve research in other MIT depart-
ments such as Applied Biological Sciences
and Civil Engineering. The programs lead to
the Doctor of Science or Doctor of Philosophy.

Ooeanographic Engineering

Oceanographic engineering involves the appll-
cation of physics and the engineering sciences
to the study of oceanic processes and the de-
sign of Instruments, systems, and structures
required to observe, measure, and work In the
ocean. The Departments of Chemical Engl-
neering, Civil Engineering, Electrical Engineer-
ing and Computer Science, Materials Science
and Engineering, Mechanical Engineering, and
Ocean Engineering offer joint programs with
WHOI in oceanographic engineering. The pro-
grams lead to the Engineer, Doctor of Sci-
once, or Doctor of Philosophy degree.

Inquiries

Application for admission to the Joint Program
should be made on the MIT Graduate Applica-
tion Form which may be obtained from the Di-
rector of Admissions at MIT or from the
Education Office at WHOI. Requests for fur-
ther information may be addressed to the
Dean of Graduate Studies, Woods Hole
Oceanographic Institution, Woods Hole, Mas-
sachusetts 02543, (617) 548-1400, x2200; or
to the MIT Joint Program Office, Room 5-206,
Cambridge, Massachusetts 02139, (617) 263-
7544.
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Explanatory Notes

4

The subject descriptions given In this chapter
are subject to change. The final list of subjects
to be given in 1986-87 will be published with
the class schedules booldet prior to the begin-
ning of each term.

The Information given below the number and
name of the subject Is as follows:

The number(s) of prerequisite subjeots, If
any. Numbers In Italics Indicate subjectw which
may be taken simultaneously with the subject
described. Prerequisites may be waived by the
Instructor In charge for particularly well-
qualifed students.

The year olaselfloatlon (and term) in which
the subject Is normally scheduled. "U" is an
undergraduate subject; "0" is a subject given
primarily for graduate students. 1, 2, J, and 8
represent fail, spring, January, and summer
terms, respectively.

SD or LAS or HUM-D Indicates that the sub.
ject Is on the approved list for Science Distri-
bution, Laboratory, or Humanities Distribution
credit.

HABS Indicates subjects outside the School of
Humanities and Social Science which can be
used to satisfy the Humanities, Arts, and So-
cial Sciences Requirement (other than HUM-D)
subjects).

The yeer ofred comment states "Next
offered 1987-88," or "Not to be offered 1967-
88." There Is no comment If it Is offered both
196-87 and 1987-88.

The time distribution of the subjeot, show-
Ing In sequence the units allotted to: recitation
and lecture; laboratory, design, or ield work;
and preparation. Each unit represents 14
hours of work. The total unit credit for a sub-
ject Is obtained by adding together all the units
shown. One unit of lecture or recitation credit
Is equivalent to one semester hour. "Arr." Indi-
cates that time units are specialty arranged.

The name of the Instruotor(s) In charge,
when known at press time.

(New) below the subject number and
title Indicates a new offering.

(Revised Unit) or (Revised Content) below
the subject number and tite Indicates a
change from the previous catalogue.

A renumbered subject Is so Indicated In pa-
rentheses below the current number.

J at the end of a subject number Indicates that
the subject is offered Jointly by more than one
department. The subject numbers of the other
departments are Indicated (Same subject as

J).

(A) following the name of a subject Indicates
that it Is an approved subject for a graduate
degree and Is given primarily for graduate
students.

All subjects open only to special groups are so
noted at the end of the description of the
subject.

Department (by School
or College)

Architecture
Urban Studies and Planning

Aeronautics and Astronautics
Chemical Engineering
Civi Engineering
Electrical Engineering and

Computer scec
Materials Science and

Engiern
Mechanical ngineering
Nuclear Engineering
Ocean Engineering

Economics
Humanities
Ungulcs and Philosophy
Polia Science

Management

Applied Biological Sciences
Biology
Chemistry
Earth, Atmospheric, and

Planetary Sciences
Mathematics
Physics

Brain and Cognitive Sciences

Program

Health Sciences and
Technology

Special programs
Science Technology,

and Society
Engineering School-Wide

Technology and Policy

Aerospace Studies
MIltary Science
Naval Science

Course Number

4
11

16
10
1

6

3
2

22
13

14
21
24
17

15

20
7
5

12
18
8

9

Letter Code

HST
SP

STS

SWE
TPP

AS
MS
NS
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Civil Engineering

Fundamentals

1.UR Research in Civil Engineering
Proq.: -
U (1, 2)
Arr.
individual research or laboratory study under
faculty supervision. Also, opportunities In on-
going research program. Umited number of
funded tralneeships available.
R. V. D. Whitman

1.00 Introduction to Computers and
EngIneering Problem Solving
Prereq. -
U (1, 2) SD
3-1-8
Fundamental computational algorithms for en-
gineering and scientific applications. Emphasis
on modular, structured code. Extensive use of
computer-based problem sets In Pascal (or C
in some semesters) includes: numerical analy-
sis, evaluation of algorithms, graphics, data
structures, searching, sorting, matrix methods,
and simulation.
E. Kausel, J. H. Slater, N. H. Wison

1.01J Engineering Aspects of Economic
Analysis
(Same as 14.014J)
Prereq.: -
U (1) HASS
4-0-
Same subject as 14.01 with additional recita-
tion sections scheduled for Civil Engineering
majors to relate the concepts covered In lec-
tures to engineering problems and applica-
tions. Credit is not given for both 14.01 and
14.014J or 1.01J. Consult R. V. D. Whitman.

1.02 Optimization Theory and Engineering
plication

( slead Unit)
Prersq.: 1.00
U (1) Next Offered 198748
3-0-9
introduction to mathematical programming. A'
review of unconstrained and constrained pro-
gramming including Kuhn-Tucker conditions
and convexity. The role and use of Lagranglan
and duality theory, linear programs and the
simplex method, network models, Integer and
dynamic programming models. Examples and
cse studies taken from engineering problems.
Students are expected to program various op-
timization algorithms.
Y. Sheff

1.02 Introductlon to Probability and
Statistics for Engineers
(Revised Unit)
Prereq.: 1.02, 18.03
U (2)
3-0-9
Elements of probability and statstics with em-
phasis on engineering applications. Probability
topics include analysis of sernouil Events,
common distributions Including exponential,
Poisson, normal, lognormal, and extrme
value. Statistics Include point and Interval esti-
mation and hypothesis test.
G. B. Beecher

1.04 Behavior of Physical Systems I

Prereq.: 8.01, 18.02
U (1) SD
3-2-7

Applies statics, geometric compatibility, and
foroe-deformation relations in analysis of sim-
pie determinate and Indeterminate structures.
Reactions, Internal forces, and defleotions for
beams and trusses. Introduces stress-strain
behavior of construction materials, stress in
two dimensions (Mohr's circle), and stability
and buckling. Exercises using computers.
R. V. D. Whitman

1.05 Behavior of Phyeical Systems I1

Prereq.: 1.04, 18.03
U (2)
3-2-7

Applies basic physical principles to the engi-
neering analysis of solid and fluid systems. In-
cludes static equilibrium of fluids, conservation
of mms and momentum of moving fluids, ther-
modynamlo properties, first and second laws
of thermodynamics. Applications to fluid forces
on structures, flow in conduits and channels,
state changes, mechanical and thermody-
namic energy cycles.
K 0. Dtol.enbach

1.06 Stochastli Models, Relisbility, and
Simulation of Larg-cale Systems
(New)
Prereq.: 1.00, 1.03
U (1) Next Ofered 198746
3-0-9

Applications of stochastic processes, reliability
theory, and Monte Carlo simulation to the de-
sign and analysis of large-scale engineering
systems and networks. Example-motivated
coverage of: binomial, Poisson, and discrete-
and condnuous-time Markov prossees; birth-

and-death models and introductory queueing
theory; reliability of serial and parallel systems;
fault-tree analysis; computer generation of
random variates, simulation languages and
statistical reliability of simulation results.
A. R. Odoni

1.07 Ingineering Applications of Artificlal
Intelligence
(New)
Prerq.: 1.00
U (1) Next Ofered 100y46
3-0-g
The role of knowledge engineering, expert
systems, and specialized data structures in
engineering analysis and design. Covers the
underlying theory and requires students to
bulid simple expert systems.
0. Srem

1.08 Deelgn of Automated end Robotic
Systems
Prereq., -
U (1) Next Ofered 198748
3-0-9

Application of both software and hardware as-
pects of automation and robotlis to streamlin-
Ing the deelgn and construction process. Data
acquisition and processing, conrol theory and
its applications to automation of construction
and manufacturing processes. Students re-
quired to dpsgn, program, and assemble
simple systems.
A. Slocum

For additional undergraduate Introductory
ubjeots, see: 1.20, 1.30, 1AO, 1.60, 1.00,

1.70, 1.0.

1
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Undergraduate Laboratory
Subjects

1.101 Decision Analysis Laboratory
(Revised Unit)
Prereq.: 1.00 or UNIX capability
U (2) LAB
3-4-5

Explores the nature and existence of utility,
the basic model of how people respond to and
choose between atermatives. Students pro-
jeed through introductory experiments to a
major project involving interviews and ad-
dressing a key issue of human perception of
risk and value. Brief lectures present the nec-
essary theory and psychometric techniques.
Special UNIX programs used to reduce and
plot data and test theoretical hypotheses. The
implications for decision analysis and engi-
neering design stressed.

1.102 Transportation Laboratory
Prereq.: -
U (2) LAB
0-3-3

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; devel-
opment of recommendations for changes in
transport systems plans and policies.
Y. Sheffi

1.105J Structural Engineering Laboratory
(Same subject as 4.315J)
Prereq.: .
U (1) LAS
0-3-3

Introduces students to properties of structural
materials and behavior of simple structural
elements and systems through a series of ex-
periments. Several laboratory projects involve
the student as both the designer and fabrica-
tor of a structure.
L. J. Gibson

1.106 Labonary Projects In Environmental
Fluid Mehanls
Prereq.: -
U (1) LAB
0-3-3

The measurement, analysis, and modeling of
physical parameters such as velocity, salinity,
temperature, dissolved solids, etc., in natural
water bodies. Application of these techniques
in the context of laboratory experiments and
one or more field studies. Certain'experiments
complement lectures In 1.60, but concurrent
registration in 1.60 or previous fluid mechanics
experience is not required.
E E. Adams

1.107 Aquatic Chemistry and Bloogy
Laboratory
Prereq.: 5.40 or 5.11
U (2) LAB
2-6-4

Field sampling and laboratory analysis tech-
niques for determining chemical (e.g., salinity,
0, nutrients, haloforms, petroleum hydrocar-
bons) and biological (e.g., coliforms, chloro-
phyll) parameters In aquatic samples. Both
wet-chemical and instrumental (e.g., atomic
absorption spectrometry and gas chromatog-
raphy) methods. Three 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.
P. M. Gachwend, S. W. Chisholm

General Methods
and Concepts

Listed below are a number of subjects
concerned with general methods and
concepte rather than specific applications
areas. Topics Include:

Information Systems and Computational
Methods

Analytical Mechanics
Engineering Systems, Economics, and
Management

Engineering Risk Assessment and Prob-
abilietic Analysis

institutions and Public Polly
Subjects under these headings are of
interest to students from a variety of
backgrounds, both from within and outside
the Department. Subjects more oriented to
applications 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.: 18.02, 8.01
U (2) SD
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyan Sunder

1.121 Numerical Modeling of Physical
Systems (A)
Prereq.: 18.03
G (1)
3-0-

Survey of numerical methods for ordinary and
partial differential equations. Emphasis on fi-
nite difference and weighted residual methods.
Includes review of linear algebra; direct and it-
erative matrix solutions; finite difference ap-
proximations; consistency, stability, and
convergence; Fourier analysis; finite element
methods. Examines both steady and transient
equation describing physical systems of inter-
est. Development of computer programs Is
emphasized.
M. A. Celia

1.122 Finite Element and Boundary
Element Methods (A)
Prereq.: 1.51
G (2)
3-0-6

Finite element and boundary element methods
for the analysis of continuous media. In-depth
discussion of variational principles, weighted
residual methods, penalty methods, integration
techniques. Application to two- and three-di-
mensional domains with examples pertaining
to stress analysis, thermal analysis, and her-
monic problems. Use of commercial software

Civil Enaineedna 3D
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for homework assignments, with the primary
emphasis on developing expertise in modeling
and interpretation of numerical output.
J. J. Connor, Jr.

For additional related subjects, see: 1.204J,
1.386, 1.70.

Analytical Mechanics

1.13 Design for Construction Automation
(New)
Prersq.: 1.06

-(2)
3-0-9

Covers the fundamentals of computer-
controlled machinery design (electronic and
mechanical systems). The theme of the
course is design of integrated CNC machine
systems to automated construction processes.
Grading is based on participation In scIng a
"real world" project. Students are encouraged
to design, build, and test model and fullscals
systems.
A. Slocum

1.131 Analytical Methods In Physical
Systems
Prereq.: 18.03
G (1)
4-0-8

A utilitarian survey of elementary and Interme-
diate analytical techniques, and their applica-
tions in physical systems. Unear partial
differential equations. Separation of variables.
Fourier series. Green's functions. Complex
variables and contour integration. Integral
transforms. Formulation and solution of prob-
lems in seepage flows, statics and vibration of
elastic structures, soit consolidation and diffu-
slon of energy or matter. Open to advanced
undergraduates also.
C. C. Mel

1.132 Advanced Engineering Mechanics (A)
Prereq.: 1.51
G (1)
3-0-6

Survey of the mechanics of solids and struc-
tures, with particular emphasis on structural
engineering applications. Includes fundamen-
tals of continuum mechanics, theory of
elasticity, and theory of thin plates and shells.
Provides a sound background for engineering
ana and appreciation of structural behav-

rC.Almate years'

1.133 Geomechanice (A)
Prereq.: 1.572
G (1)
3-"4
Nonlinear constitutive laws and field equations
for porous media. Dynamic soil-structure inter-
actn. Dynamic amplification In soil deposits.
Wave passage and seismic environment.
Hysteresis and correspondence principle.
Dynamics of foundations and pile groups.

Transmitting boundades and infinite elements.
Computational techniques and applications to
certain constructed facilities such as nuclear
power plants, buried structures, pipelines, tall
buildings, bridges.
E Kausel

1.137 Studies in Analytical Mechanics (A)
Prereq.: Permission of Instructor
G(1, 2, 8)
Arr.
Individual study of advanced subject material
under staff supervision. Information: G. B.
Beecher.

For additional related subjects see: 1.351,
1.362, 1.41, 1.642, 1.56J, 1.571, 1.572, 1.63,
1.64,1.601.

Engineering Systems,
Economics, and Management

1.143J Mathematical Optimization
Techniques (A)
(Same subject as 13.622J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 13.622J.
D. H. Marks, H. N. Psaraftla

1.146 Engineering Systems Analysis (A)
Prereq.: Permission of instructor
G (1)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. de NeuMlle, J. P. Clark

1.147J Applied Microeconomic
Analysis (A)

(Same subject as 14.11W)
Prereq.: 14.01 or 1.01J
o (1) Next Offered 198748
3-0-6
See description under subject 14.11W.
W C. Wheaton

1.146J Economics of Project Evaluation (A)
(Same subject as 14.111J)
Prereq.: 14.03 or 14.120
G (2)
3-0-6

See description under subject 14.111J.
J. Rothenberg

1.15 Computer Applications in Statistics

Prereq.: 1.00, 1.03 or equivalent
U (2)
2-2-8
Computer appilcation of statistical methods for
empirical analysis. Includes sampling theory,
experimental design, explanatory data analy-
sio, statistical Inference, hypothesis testing,
and regression analysis. Application of sample

design, data collection, model estimation, esti-
mation and reporting to four case studies.
Data collection in both real world and labora-
tory settings.
S. McNell

Por additional related subjects see: 1.202J,
1.203J, 1.207, 1.281, 1.213J, 1.44, 1.70,
1.731. Subjects dealing with management
of engineering systems are: 1.269, 1.40-
11.41161, 1.76.

Engineering Risk Assessment
and Probabilistic Analysis

1.151 Risk Assessment In Engineering I (A)
Prereq.: Permission of instructor
G (1)
3-0-6

Quantitative analysis of uncertainty In plan-
ning, design, construction, and operation of
engineered facilities. Interprets fundamentals
of probability, random processes, statistics,
and decision analysis in the context of engi-
neering applications, in particular, description
of variability of loads and environmental condi-
tions, material properties, performance predic-
tion, system reliability analysis, and dek-based
decision analysis.
E, H. Vanmarcke, D. Venezlano

1.152 Risk Assessment in
Engineering 11 (A)
Prereq.: 1.151
G (2)
3-0-6

Advanced probabilistic modeling and statistical
analysis for engineering systems. Part 1: Sec-
ond-moment charsc, .lzation of random vec-
tors, sequences, fu; .ilons, and fields. Time
and frequency domain analysis. Unear filtering
and random vibration, Gaussian, Poisson, and
Markov models. Extremes of random func-
tions. Digital simulation. Part 2: Estimation of
covariance observations. Models for decision-
making: Poleson and Markov processes with
reward.
0. Venezlano, E. H. Vanmarcke

1.155 Engineering Risk-Benefit Analysis (A)
Prereq.: 18.02
G (2)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

4Q
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1.188 Introduotion to Ousuing Theory (A)
Prereq.: Pelmlsslon of Instructor
G(1)
1-0-2
A specialized mini-subject offered In the last
third of the term. Topics: Fundamental oon-
cepts of queuing theory; Markovian, semi-Mar-
kovlan, and non-Markovian queues; priority
queues; queuing networks. Selected
appications, Instructor should be contacted for
Information about starting date.
A. R. Odoni

For additIonal related subjects, see: 1 .20J,
1.34, 1.44, 1.61, 1.711, 1.712, 1.732.

Institutions and Public Policy

1.166 IntroductIon to Technology and Law
Prereq.: -
U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
J. D. Nyhatt

For additional related subjects, am: 1.254J,.
1.78, 1.811J, 1.612J.

Transportation

1.20 Transportation Systems Analysls
Prereq.: 1.03
U (1)
4-0-

1.201J Transportation Systeme
Analysis (A)
(Same subject as CTS 100J)
Prereq.: Permission of Instructor
G (1)
3-0-6

Introduces the analysis of passenger and
freight transportation systems. Deterministic
and stodhastic models of system performance.
Determinants of demand for transportation:
travel behavior, logistics analysis, and location
theory. Analyzes transportation networks In-
cluding prediction of flow patterns and service
quality. Evaluates Impacts and design of
transportation services and facilities. Additional
recitation section required for undergraduates
to cover selecte I topics In more detail.
J. Sunsman, M. E. Ben-Aldva

1.2024 Demand Modeling (A)
(Revised Content and Unit)
(Same subject as CTS 15W)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analysis and forecasting of demand for facili-
ties and services. Emphasis on collection and
analysis of survey data. Review elements of
probability, sampling and statistical methods.
Includes altemative sample designs and data
collection methods, multiprobablstic discrete
choice methods, estimation and testing of dis-
aggregate and aggregate models, aggregate
forecasting methods and simulation. Illustrated
with applications from the fields of transports.
ion, housing, telecommunications, and
marketing.
M. E. Bn-Ava

1.203J Loglstioal and Transportation
Planning Methods (A)
(Same subject as 6.281J, 11.526J, 13.665J,
MOM75, 1 6.76J, TPP 43J)
Prereq.: 6.431, 15.075
G0(1)
3-0-9
Quantitative techniques of operations research
with emphasis on applications In transportation
systems analysis (urban, air, ocean, highway,
pick up 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, emer-
gency 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.
Discussion of Implementation difficulties.
A. . Bamett, R. C. Larson, A. R. Odoni,
H. N. Pearalft

1.204 Computer Algorithms in
Transportation (A)
Prereq.: 1.00 or 16.008; 1.02
G (2)
3-0-
Teaches software development and analytcal
techniques for transportation systems. Struc-
tured programming, data structures, systems
analysis and design, and user interfaces.
Case studies using operations research tech-
niques for problems in transportation net-
works, vehicle routing and scheduling, rew
scheduling, facility location, and operations
management. Extensive micro- and mini-
computer assignments.
Y. Shdf

1.205 Advanced Transportation Demand
Modeling (A)
Prereq.: 1.202J or CTS 150J
0(1)
3-0-6
Theories and applications of travel and mobil-
ity behavior models. Includes: structure of
muitidimensional probabilistic choice models,
statistical estimation techniques with multiple
data sources, model transferability, estimation
and foecast wih e large choice ats,
dynamicalmelssues In model specifics-
dion, Including use of stated preference data,
treatment of Intra-household Interactions and
complex travel patterns. Term paper required.
M. E. Ben-Akiva

1.207 Transportation Networks Equilibrium
Analysis (A)
Prereq.: 1.02, 1.03
G (1) Next Offered 198746
3-0-9
Analytical and algorithmic approaches to te
formulation and solution of transportation net-
work equilibrium assignment problems. Topics:
mathematical programming formulation of user
and stochastic user equilibrium problems;
combined modal spit, distribution and assign-
ment formulation; implementation of solution
algorithms; applications of discrete choice
models. Altemate years.
Y. ShaMf

1.208 Transpotlon and Logistic
Analysis (A)
(New)
Prereq.: Permission of Instructor
G (2)
3-0-6
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
carrier networks with emphasis on truck and
rail networks. Integration of carrier and shipper
perspective in system models.
S. C. Graves, Y. Sheff
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.21 Transporttion nfastutr
(Revised Unit)
Prereq.: 1.01J or 14.01; 1.03; 1.04
U (1) Next ofered 1987-8
3-8-8

Presents a critical analysis of the current sta-
tue of US transportation Infrastructure,
encompassing highways, railways, transit,
waterways, and airports. Develops engineering
concepts for lifecycle analyses of facilities, de-
fining performance, serviceability, maintenance
policy, reliability, and costs, and allowing
hands-on use of related models. Also treats
economic, financial, management, and techno-
logical issues surrounding facility construction,
maintenance, rehabilitation, and operation.
M. J. Markow, S. McNeil

1.214 Public Transportation

Prereq.: 1.20
U (2)

4
See description under subject 1.258.
N. H. M. Wilson

1.22 Transportation infrastructure
Systems (A)
(New)

Prereq.: Permission of Instructor
G(1)
3-3-6
Integrated treatment of analytical methods and
new technologies for design, construction,
management, operation, and maintenance of
transportation facilities throughout its use. Em-
phasis on a systems approach using computer
models. A transportation management com-
puter simulation game used to demonstrate
the complex interactions in managing trans-
portation infrastructure.
S. McNeil

1.231J Planning and Design of Airport
Systems (A)
(Same subject as 16.781J)
Prereq.: Permission of instructor
G (2)
3-0-

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,
estimation of levels of congestion. Design of
terminals. Role of airports in the aviation and
transportation system. Airport access prob-
lems. Optimal configuration of air transport
networks and implications for airport develop-
ment. Economica of the airport. Financing and
institutional aspects. Special attention to inter-
national practice and developments.
R. de NeuMfie, A. R. Odoni

1.233J Seminar In Air Transportation
Analysis and Planning
(Same subject as 16.704J)
Prereq: -
G (1)
1-0-5

See description under subject 16.704J.
A. R, Odoni, C. 0. Cary

1.242 Highway, Systems Analysis, and
Technology (A)
(Revised Unit)
Prereq.: Permission of Instructor
G (1) Next ofered 196748
3-0-9

Integrated treatment of technical and eco-
nomic aspects in highway design, construc-
tion, maintenance, and operation. Basic
characteristics of roads, traffic flows, and the
process of highway project deyelopment. Geo-
metric design standards, speeds, capacities,
accidents, and construction costs, Introduction
to computer-aided highway design. Mainte-
nance and rehabilitation, including require-
ments, costs, impacts, and policy optimization.
Data collection, analysis methods, and man-
agement options in traffic operations.
M. E. Ben-Akiva, T. F. Humphrey,
M. J. Markow

1.252J Urban Transportation Planning (A)

(Same subject as 11.38W)
Prereq.: -
G (2)
3-0-

Development of urban transportation planning
over the past two decades. Movement of the
transportation poilcy perspective from limited
Interpretations to multi-objective planning, and
from an emphasis on large-scale facility plan-
ning toward an increased reliance on small-
scale, traffic management techniques. Dis-
cusses in detail the methodological change
that has accompanied the evolution in trans-
portation planning. Also presents promising
theories for understanding Institutional rela-
tions and change.
R. A. Gakenhelmer

1.254J Infrastructure in Third-World
Countries (A)
(New)
(Same subject as 11 .489J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under 11.469J.
R. A. Gakenhelmer, J. Tendler

1.255J Politics, Growth, and Development
in the Middle East (A)
(New)

(Same subject as 17.558J)
Prereq.:
G (1)
3-0-9

See description under subject 17.558J
N. Choucr, P. Khoury, F. Moavenzadeh,
D. Lessar

1.256J Technology, Business, and Public
Policy in the Middle East (A)
(New)

(Same subject as 17.5WJ)
Prereq.: -
G (2)
3-0-9

See description under subject 17.560J
N. Choucri, A. Adelman, F. Moavenzadeh
D. Lessard

1.211 Public Transportation Service and
Operations Planning (A)
Prereq.: 1.201J
G (2)
3-0-6

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
associated with a proposed service change.
Additional recitation section required for un-
dergraduates to cover selected topics in more
detail.
N. H. M. Wilson

1.259 Transit Management (A)

Prereq.: 1.258
G(1)
3-0-6
Management methods of relevance to public
transportation systems. Topics: strategic plan-
ning management; labor relations; mainte-
nance planning and administration; financial
planning; marketing; and management infor-
mation and decision support systems. Shows
how these general management tasks are
dealt with in the transit industry and presents
alternative strategies. Identifies alternative
arrangements for service provision, including
different ways of involving the private sector in
public transportation.
N. H. M. Wilson

1.27 Studies In Transportation
Engineering (A)

Prereq.: Permission of Instructor
r (1, 2, S)

Arr.
Individual advanced study of a topic in trans-
portation systems selected with the approval
of the Instructor. Information: N. H. M. Wilson.

1.271 Research Seminar in Transportation
Prereq.: Permission of Instructor
-G (2)
Arr.

Research seminar for graduate students in
transportation. Discussion of current research
at various stages of development, including
problem definition, literature review, methodoi
ogy, and evaluation of results. intended for
advanced doctoral students and for students
preparing for the general examination.
M. E. Ben-Aklva
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1SI TieWAlt n Segn mis(A)
Prereg.: 14.01 or 1.01J
0(1)
3.04
Theory and behavior of lg transportation
systems: urban and I a nd
freight; estmaton anidofproduo-
tion, coat, and demand funotions. Evaluaidon
of governmental transportaon policies: eco-
nomo regulation, infrastructufs investments,
pricing, and financing: cost-benefit analysis,
and mpeots upon economlo eficiency.
D. M",ap G. U0loOw~yh

1.200 Utrn Bsonomio AnalysIs
(Reed Content)
(Same subject as 11.410J, 14.573J)
Prereq.: 14.03 or 14.04
G(1)
3-0-9

See description under subject 11.41W.
w C. Wisson

1.20 Preight Tansportation
Mnagsment (A)
Preq.: 1.201J
G (2)
3-0-
Analytical methods for freight systems empha-
sizing apploations to shippers, rail and truck
carriers. -ogistics and Inventory theory focus-
ing on chole of carrier, rouIng, and facility Io-
caocn. Performance and cost models of
terminals and line-haul operation for rail and
truck. Integration of shipper and carrier per-
spectves In system models. Reviews regula-
tory, pricing, labor, and other issues facing the
Industry. Additional recitation section required
for undergraduates to cover selected topics In
more detall.
G. A. Koaur, Y. Bheffi

1.20 Researoh In Trinsportation
Prereq.: -
G(1.2,8)
An'.
For research asail*tnts in transportation,
when assigned reesarch is not used for thesis,
but Is approved for academio oredit. Credits
for this subject may not be used for any de-
gree granted by Course 1. Information:
Y. Sher

1.200 Teaching In Transportation
Preq: -
0(1, )

For teaching assistants, In recognition of the
educational value derived from sadsfactory
performance of assigned duties, and for other
qualifed 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. In-
formation: Y. Sheff

Constructed PsamItlWs

Geotechnical Engineering

1.30 8ol MeshenlOee
Prereq.: 1.04
U (1)
3-14
Fundamental principles of sol behavior. Com.-
posidin and structure o sols phase relatIon
ships and unit weight; lassification systems.
Influence of on and

cmressibiity; ur on stefeth offlwoornsme m"We WWI Ofo ffow-
Ing water on stablity. Drained and undrained
strength. Theory of consolidation. Prinolples of
imit equilibrium alysi for soI masse .
Methods for estimating son deformations. Lco-
tures supplemented ya laboratory and inter-
actve compterd design projects.
a.. Bacher

1.32 IntroductIon to Engineering Geology
Prw.: -

344
BasIc Prinples of phemha-
sizing toplce nn engineering, and
a brief overview on mineral resour
cation of minerals. Igneous, metamorphOc, and
sedimentary rookts. Alluvial, glacial, edlen,
lacustrine, marine, and coNuvisi sediments.
Weathrl. Rock defos. Earthquakes. Ar

map. ield trips.
G. B. H. Einstein

1.322 SI11 ehavlior (A)
(Reyvied Unit)
Prereq.: 1.361
0G(2)
3-1-5
Detaled su of sol propertles with emphasis
on Interpretation of feld and laboratory test
data for use in praodoe. Includes: consoida.
tion andeoondary compression; basl
strength princlplee; tes-trin be
havior of clays, emphasin f ample
disturbance, anisotropy and strain rate;
strength and compression granular soils;
engineering properties of ~pce as.,

C. C. Ladd

1 i " "sss (Q
Prerq.: 1.0

Applies theory of wave propagaton and dy-
namics of lumpd systems to -in so
dynamics6, 8rsobn dungtran-
ient and reAd reladon to wave

veloct. Analysis of= foundaeons; of.
feot of soft upon selsmio motons; earth dm
and retainIng we during earthquake; 101
structure inteaimon; other selected

1.4RellabilIty In Geotochnical
Enginesiag (A)
Prersq.: 1.151, 1.30
0(2)
Ar.
Quantative treatment of uncertainty In soll
properies and the performance of geotchni-
cal facliles. Probabilsi description of lod-
I and environmental condions afiectng

I01 behavior. Meilability ana* of soi struc-
tures. Statistical aalysis labors-
tory data. Treatment of risk and uncertainty in
dealsin stuatons involving sol exploradon,
desin and performano monitoring.

. enuimno, G. B. Seeher

1.31 Theoretioa Sell MechanIcs (A)
Prersq.: 1.30
GO1)
3.04
Discusses elementary theories important In
sol mechanics. Theories of elasi half-space
and elast layers. a of elastic thep.
rise, espeolally to problems. Use of
limit analyse for aGe and passive stresse,
barlnand alope StIblity. Theory of

for ne-dmen fonalproblems
and introduction to three-dimensional consoi-
dadon. Mathematios, construction, and inter-
sreagon flow nes Introduction to finie
element methods and their use.
N.M.now

1.61 Advanced SolI Mechanics and
Engineering (A)
Prersq.: 1.30
0(1)
3,04
Consideraton of the folw fundamentals of
soil mechanics: the nature of sol; the efinve
s tr iiple; permeily and esepege:

uu~s ., ~ behavio of cheslonl1e84
and oohesive son;lateral etn stresses; bear-
ing capally and *lope stability; consolidation
theory; settlement analyses.
C. C. Ladd

--.. ~.
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1.384 Foundation Engineering (A)
Prsreq.: 1.361
GQ(2)
3-0-
Types of foundation systems and design crite-
di. Design of shallow foundations (footings
and rafts), and deep foundadon (plies and
cissons). Construction methods, problems
and effects on nearby structures. Special
topics and case studies.,
M. M. Buah

1.36 Geotechnial Engineseing (A)
Prereq.: 1.30
G (1)
3-0-
identification, presentation and illustration of
principles of soll 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 grad-
uate students not specializing in Geotechnical
Engineering. Same lectures as for 1.361.
C. C. Ladd

1.3M Computer-aided Analysis in
Geotechnlosil Engineering (A)
Prereq.: 1.351
G (2)
3-0-6
Use of computers in the analysis of geotechni-
cal problems: steady and transient flow In po-
rous media, stability of embankments and
slopes, retaining structures, pile driving, exca-
vations and tunneling. For each area, the nec-
essary theoretical background reviewed and
discrete modeling methods as implemented in
computer programs discussed and applied to
selected problems. Extensive use of digital
computers. Working knowledge of FORTRAN
expected.
A. S. Azrouz

1.37 Geotechnical Measurements and
Exploration (A)
Prorq.: 1.30
G (1)
2-4-3
Students perform a variety of laboratory ex-
perIments Illustrating fundamental aspects of
sol behavior including classification, Index,
and engineering properties. Emphasizes mea-
surement of load-deformation characteristics
under several different boundary conditions.
Exposure to special devices, geotechnical ex-
ploration, field investigation, and in situ testing.
Experiments Involve data reduction, evalua-
tion, and presentation of results.
J. T. Germaine

1.38 EngIneering Geology (A)
Prereq.: 1.30, 1.32
G(2)
3-0-6

Effect of geologic features on constructed fa-
cilities. Geologic aspects of subsurface explo-
ration. Interaction between man-made
structures and the geologic environment. Em-
phasizes sediment engineering geology with
an overview of hard-rock engineering geology.
Altemate years.
H. H. Einstein

1.301 Rock Mechanics I (A)
Prereq., 1.30,1.32; or 12.01
G (1) Next Offered 1147461
3-0-8
Introduces geologic and theoretical aspects of
rock mechanics: exploration; geologic and on-
gineering classification; laboratory and field
testing; strength, deformability and permeabil-
Ity of Intact rock and rock masses. Application
of geologic and theoretical principles to the
solution of basic rock engineering problems.
Alternate years.
H. H. Einstein

1.362 Rook Mechanics I (A)

Prereq.: 1.361
G (2) Next Offered 196741
3-0-6

Advanced treatment of theoretical and experi-
mental aspects of rock mechanics: fracture
mechanics, mechanics of discontinuities, rock
dynamics. Rock engineering Involving ad-
vanced analytical and design aspects of rock
slopes, foundations on rock, underground
openings and blasting of rock. Altemate years.
H. H. Einstein

1.383 Underground Construction (A)

Prereq.: 1.361, 1.381

3-0-6

Familiarization with the most important as-
pects of planning, design, and construction of
underground openings In soft ground and
rock. Detailed engineering analysis and de-
sign. Major aspects of construction techniques
and construction planning. General planning
and economic problems. Alternate years.
H. H. Einstein

1.384J Introduction to Mining and
Mineral Technology
(Same subject as 3.095J, 12.043J)
Prereq.: -
U (1)
3-0-6

See description under subject 3.095J.
H. H. Einstein, R. G. Bums, J. F. Elliott,
C. R. Peterson

1.39 Studies in Geotechnical
Engineering (A)

Prereq.: Permission of Instructor
G (1, 2, S)
An'.

For graduate students desiring further Individ-
ual study of special topics. Information: G. B.
Beecher.

ConstruCtion Engineering and
Management

1.40 Project Management
Prereq.: 1.30, 1.50
U (2)
3-2-7

Overview of construction Industry, its organi-
zations and Interactions. Project and construc-
tion management methodologies presented for
project and company planning, control, and
decision making. Includes scheduling, ac-
counting, estimating, resource planning, orga-
nization structuring used throughout all project
phases.
R. D. Logcher

1.41 1J Building Construction I

(Same subject as 4.402J)
Prereq.: -
U (1)
4-0-8

See description under subject 4.402J.
E. Diuhosch

1.412J Building Construction 11

(Same subject as 4.403J)
Prereq.: 1.02, 1.04; or 4.402J, 4.30 or 4.331
U (2)
2-4-3

See description under subject 4.403J.
Staff

1.413 Construction Technology end the
Building Development Process (A)
Prereq.: -
G (1)
3-0-6

Investigates the nature of the building design
and constructon process with respect to te
contractual, managerial, and financial Implica-
tions of altemative 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, H. G. irVig

1.431 Structuring Construction Industry
Organizations (A)
Prereq.: -
G (2)
3-0-6

Examination, from a soclo-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
conglomerations 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. Frame-
works for observation, description, analysis,
and design of both individual enterprises and
project organizations presented and applied to
real-world situations.
H. G. invig
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1.43 Pfresot Control I (A)
Pre. -
G (1)
3-0-
First of two-semester sequence on computer
techniques and systems for control of design
and construction projects. Relationship of
project breakdown to estimating, budgeting,
and financial control. Use of network-based
systems for planning and time control of proj-
ats, including CPM and PERT and resource-

constrained scheduling. Database design con-
cape for decision support systems. Integrating
control of costs and time, with cash flow and
manpower projections, with comparison of po-
tenal to current practice. Requires back-

round in accounting principles.

1.433 Project Control 11(A)
(New)

Prereq.: 1.432
G(2)
3-0-6

Continuation of 1.432. Control of design firms
and owner construction programs. Estimating
methods and systems. Database design for
control systems. Applications generators and
system design technIques applied In term proj-
eat creating a talored control system.
R. D. Logoher

1A4 Analysis Methods In infastructure
ReneAwl (A)
Prsreq.: -
G (2)
3-0-
A focus on mathematical modeling for Infra-
structure renewal. Analysis of cause and ef-
feat. Performance estimation and standards.
Simulation and optimization of maintenance
systems. Risk analysis and management.
Scheduling and prioritizing Investments. In-
spection strae iand signal processing from
automated a s tools. Operational strate-
gles for existing systems. Emphasis on com-
puter-based modeling and case studies.
D. H. Msark, M. J. Markow

1.46 Construction Finance (A)
Prrsq.:-
G (2)
3-0
Examines financing methods and financial
management In the domest and Intemational
construction industry. Analytical concepts and
mahdloges from modem nance theory
and practic presented In lecture/dIscussions
and applied to case analyses Including prob-
lems in cash flow analysis, project finance,
and foreign exchange exposure. Innovative fi-
nancal methods such as privatization and
sale-leaseback are examined. Pror courses in
microeconomlos, accounting, and/or corporate
finance desirable but not required.
J. L Paddock

146 Automated Sensing of In-Situ
Conditions (A)
(New)
Prereq.: -
(3(1)
3-0-

Overview of measurement and sensory pdnci-
ples. Survey of information needs and current
methods. Presentation of basic concepts of
transducers signal generation, data acquisi-
tion, signal and image processing, and data
analysis and Interpretation. Application of
these concepts to specific techniques, includ-
ing selsmics, acoustics and vibration, ground-
penetrating radar, infrared thermography, ter-
rain conductivity, and machine vision. Case
studies of specific applications of these tech-
niques to site investigation, construction monl-
toring and control, and condition assessment.
K. R. Maser

1.41 Research Seminar In Construction
Engineering and Management (A)
Prereq.: -
2 (1)
2-0-1
Seminar Intended mainly for masters and
doctoral candidates in the Center for Con-
struction Research and Education. Oral and
written presentation by students on thesis ac-
tivities and by faculty on research topics.
F. Moevenzadeh, C. H. Hell/well

1A62 StudIes In Construction Engineering
and Management (A)
Prereq.: -
G (1,2,S)
Arr.

Individual study of an advanced topic in con-
struction engineering and management se-
lected with approval of faculty supervisor.
D. H. Marks

Structural Design and Analysis

1.50 Introduction to Structural Engineering
Prereq.: 1.04
U (1)
3-2-7

Basic philosophy of structural design. Loads
on structures. Design crteda and factors of
safety. Stress-strain relationships. Column
theory. Application of statics to analysis of
beams, trusses, and frames. Influence lines
and moving loads. Deformation of structures.
Indeterminate analysis. Design of components
In steel. Structural connections.
J. H. sister

1.61 Mechanics of Construction Materials
Prersq.: 1.04
U (1)
4-0

Mechanical behavior of materials used in
structural and geotechnical engineering, with
emphasis on steel and concrete. Problem for-
mulation in mechanics of soids. Elasdcity, en-
orgy methods, and prnciple of virtual work.
Elementary plascity, plastic yliding under

combined stresses, and imit analysis. Torsion,
plane stress, and plane strain. Stress concen-
trations. Study of failure mechanisms, bdie
fracture and fatigue; influence of composition
on mechanical properties of concrete. Leo-
tures supplemented by computer-aided leam-
ing software.
V. C. LI

1.62 Structural Analysis and Deelgi
Prereq.: 1.50,1.51
U (2)
3-1-8

Design and analysis of structural systems In-
cluding steel and concrete frame buildings,
and reinforced and prostressed concrete beam
and slab structures. Contemporary design orl-
teda and practice, with emphasis on concrete,
examined. Approximate and rigorous analysis
techniques studied, with emphasis on their
role in design process. Matrix methods of
analysis. Use of computers in structural de-
sign. Plastic design in steel.
0. Buyukoturk

1.53 Constructed Pacilities Project
Laboratory
Prereq.: 1.04
U (2) LAB
0-3-3

Students explore the concepts, techniques,
and devices used to measure engineering
properties of materials. Several of these de-
viOes are used to measure properties of com-
mon construction materials. These same
materials are then used to construct simple
systems which Illustrate and test the perfor-
mance concepts and hypotheses taught in
basic mechanics subjects.
J. T. Germalne

1.541 Behavior of Concrete Structures (A)
Prereq.: 1.52
G (1)
3-0-6

Strength and deformation of concrete under
various states of stress; failure orteda. Funda-
mental behavior of reinforced concrete struc-
tures and their members. Basis for design,
and code constraints. Bond and cracidng, de-
flections. Slabs, eld line theory. Cylindrical
concrete shells. Behavior models and nonlin-
er analysis. Complex systems: offshore grav-

Ity, containment, and bidg structures.
0. Buyukozturk

1.142 Behavior of Steel Structures (A)
Prereq.: 1.51
G(2)
3-0-6

Mechanical properties of steel. Yid critria.
Ductility. Fatigue failure. Stability considera-
tions In member design. Structural connec-
tions. Stress concentrations. Residual
stresses. Inelast analysis procedures. Umit
states. Computer methods for design.
J. H. SAser
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1,43 Bridge Design (A)
Prereq.: 1.541, 1.542
G (2)
2-0-4

Planning, design, and construction of bridges.
Discusses bridge types and factors affecting
the selection of type: concrete vs steel, pro-
stressed, composite, segmental concrete
bridges. Design Issues and techniques. De-
tailed case study of a particular bridge. Recent
technological developments In bridge
engineering.
0. Buyukotfurk

1.544 Structural Design of Buildings (A)
Prereq.: 1.541, 1.542
G (1)
2-0-4

Structural systems for buildings. Special con-
sideratlons in the design of high-rise buildings.
Loads In buildings. Wind and earthquake ef-
facts. Comparisons of steel and concrete sys-
tems. Approximate methods for preliminary
design. case studies, Information:
0. Buyukozturk.

1.545 Fracture and Fatigue Control In
Engineering Structures (A)
Prereq.: 1.51
G (1) Next Offered 1987-88
3-0-

Application of fracture mechanics concepts 4o
control fracture and fatigue behavior in engi-
neering structures. Effect of material, tempera-
ture, loading rates, and plate thickness on
fracture resistance parameters, and determi-
nation in the laboratory. Fracture control de-
sign. Fatigue crack Initiation and propagation
under cyclic loads. Fracture control plans.
Case histories of structural fracture failure.
Current research directions, especially in frac-
ture processes in fiber-reinforced concrete.
V. C. LI

1.551J Analysis and Design of
Offshore Structures (A)
(Same subject as 13.112J)
Prereq.: 1.51 or 13.10J
0 (1)
4-0-8

Fundamental concepts in analysis and design
of fixed offshore platforms. Design philoso-
phIes and criteria. Specification of environ-
mental design criteria and computation of
design loads; in-depth treatment of wave theo-
ries, wave statistics and hydrodynamic loads.
Construction materials and their behavior in
the marine environment Preliminary and de-
talled structural and foundation design proce-
dures. Deterministic and stochastic dynamic
analysis. Design for fatigue and seismic
effects. Reliability analysis procedures.
S. Shyam Sunder, J. K. Vandiver

1.86J Structural Mechanlcs In Nuclear
Power Technology (A)
(Same subject as 2.084J, 3.82J, 13.14J,
18.261J, 22.314J)
Prereq.: Permission of instructor
G (1)
3-0-9

See description under subject 22.314J.
0. Buyukorturk

1.571 Advanced Structural Analysis (A)
Prereq.: 1.51
G (1)
3-0-6

Matrix methods for the analysis of member
structural systems such an trusses and frames
considering geometric and material nonlinear-
ity. Linear engineering beam theory. Curved
members, arches, helical members. Re-
strained torsion. Numerical methods for the
solution of nonlinear member systems.
J. J. Connor, Jr.

1.572 Structural Dynamics (A)
Prereq.: 1.121, 1.51
G (1)
3-0-6

Analysis of structures subjected to dynamic
loads. Theory developed for single degree of
freedom system and generalized to multiple
degree of freedom and continuous systems.
Analytical and numerical techniques for solu-
tion of equations of motion. Transient, steady-
state, and modal response. Applications to
earthquake loads, forced vibrations, and pre-
sentation of approximate (practical) methods.
E. Kausel

1.5681 Structural Reliability (A)

Prereq.: 1.151
G (2)
3-0-6

Analysis and design specification of structural
performance and safety through probability
theory. Description of common structural loads
(seismic, wind, tomado, snow, occupancy, ve-
hicles). Procedures for data analysis and
probabilistic modeling. Variability of material
properties. Structural system reliability, statics,
and dynamics. Bases for modem structural
code specifications and for design procedures
used in more advanced practice. Optimum de-
sign accounting for uncertainty and failure
consequences.
D. Venezlano

1.51 Structural Engineering Research
Seminar (A)
Prereq.: Permission of Instructor
OG(2)
1-0-2
For structural engineering students registered
for thesis or seeking research topics. Presen-
tation of ongoing or proposed research by stu-
dents. Occasional seminars by faculty or
outside speakers.9articipants required to sub-
mit written critique on each lecture.
0. 6. Baecher

1.60 Studies In Structural Design and
Analysis (A)
Prereq.: Permission of Instructor
G (1, 2, S)
Arr.

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:
G. B. Baecher.

Construction Materials
1.59J Materials of Construction
(Same subject as 3.143J)
Prereq.: 1.04
U (2) SD
3-0-9

Principles underlying the structure-properties
Interaction in materials Important to civil eng-
neers. includes: atomic arrangements in
crystalline and noncrystaline phass
thermodynamics of phase relationships and
structural change; elasticity, microplasticity,
viscoelastlicity, and fracture; corrosion. Appli-
cation of principles to structural metals, ce-
mentitious materials, structural-ceramics,
wood, asphalt, and polymers. Mechanical
propertes of composite materials Including
Portland cement concrete, asphalt-aggregate
mixtures, and reinforced plastics.
F. Moavenzadeh, F. J. McGarry

1.591J Fracture of Structural Materials (A)

(Same subject as 3.90J, 13.16J)
Prereq.: 1.59J or 2.30 or 3.141 or 13.15J
G (1)
3-0-6

See description under subject 3.90J.
F. J. AcGarry, K. Masubuchl

1.692 Mechanical Behavior of Construction
Materials (A)
Prereq.: -
G (2)
3-0-6

Develops an understanding of material behav-
lor based on microstructural mechanisms of
deformation. Includes study of elastic, plastic,
fracture, fatigue, and durability behavior. Appli-
cations to traditional construction materials
(steel, concrete, and timber) as well as recent
developments in civil engineering materials
(composites, ice mechanics, fabri materials
for geotxles and inflatable dome structures).
L. J. Gibson

1.593J Mechanical BehavIor of Plastics (A)

(Same subject as 3.91J)
Prereq.: 3.064
G (1)
3-2-4

See description under subject 3.91J.
F. J. McGarry
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1,004J Composlle Materials (A)
Sje as 3.M)

G (2)
3-2-4
See description under subject 3.92J.
F. J. MGarry

1.617 Studes In Conetruction Materials (A)
Prereq.: Permission of Instructor
G(1,2,8)
Arr.

Advanced topics in construction materials se-
lected by students for individual study with
staff approval. Information: L. J. Gibson.

1.53 Research In Constructed Pacliies
Prereq.:-
O(1, 2, S)
Arr.
For research assistants in constructed facili-
ties, 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:
G.8. Beecher.

1.530 Teschling in Constructed Facilities
PMrrq.: -

(1,2)
Arr.
For teaching assistants, in recognition of edu-
cational value derived from satisfactory perfor-
mance of assigned dudes, 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: G. B. Baecher.

Water Resources and
Environmental Engineering

Hydrodynamics and Coastal
Engineering

1.60 Fluid Dynamics
Prereq.: 18.03
U (1)
4-0

Properties, states, and equilibrium of fluids.
Conservation laws for control voiumes. Equa-
tIons of continuity and motion. Dynamic simii-
tude, theor of models and data presentation.
Laminar and turbulent boundary layer Flow
In conduits and channels. Dynamic drag and
Ift forces on immersed objects. Turbulent jota
and diffusion processes. Lectures supple-
mented by problem sessions.
P. S. Eagluon

1.62 Free Surfaos-Hydraulice
Prereq.: 1.60
0 (2) Next onfred 108748
3-1-8
Derivation of the one-dimensional form of the
continuity, momentum, and energ equations.
Boundary resistance. Steady uniorm and non-
uniform flow In open channels, Including lat-
eral In-outflow. Significance of the Froude
Number; sub- and supercritlcal flow and chan-
nel transitions. Applications of momentum and
energy principles. Flow controls: weirs, sluice
gates, spillways, stilling basins. Unsteady
flows: elements of floodrouting, overland flow,
and oscillatory waves. Class project.
0. 8. Madsen

1.63 Principles of Hydrodynamics (A)_
Prereq.: 1.60
G(1)
3-0-6

An advanced account of dynamics of Incom-
pressible fluids. Materials are equally divided
into four parts: 1) Basic formulation (inemat-
le, stress-strain, Navier-Stokes equations).
2)Potential flows (vortlcity and circulation, ana-
lytic functions for two-dimensional problems,
conformal mapping, flow through porous me-
dia). 3) Viscous flows and boundary las
(exact and approximate solutions). 4) Turbu-
lent shear flows (Instability, Reynolds equa-
tions, wall shear flows and dispersion; free
shear flows and plumes).
W K. MoMie

1.64 Dynamlos of Stratified Fluids (A)

Prereq.: 1.63
G (2)
3-0-6

Advanced treatment of stratified-fluid dynam-
los, emphasizing the basic phenomena that In-
fluence environmental flows. Unear and
nonlinear internal waves in multiple layer and
continuously stratified fluids. Thermal and dou-
ble-diffusive convection, dynamics of Intru-

seons and selective wthdrawa. Boundary
layers, stability and onset of turbulence. Intro.
duction to turbulence modeng and te disper-
sIon of heat and pollutants. Two-phase flows.
Alerateyrs

1.66 ExperImental Methods In
Hydoynamica (A)

Prereq 1.60
G (2) oNwd 1 7-80 -1
2-4-6

Introduces methods of experimental design,
measurement, data acquisition, and analysis
In hydrodynamics and environmental eng-
re"n. Presents measuring techniques, In-
cluding laser-based optical, he transfer,
electro-mechanloal, and flow vsuatation.
Emphasis on laboratory techniques, but some
examples draw from frlnd methods In ocean-
ography and meteorology. Lectures comple-
mented by laboratory classes and more
extensive term projects. Altemate years.
W K. MIIle

1.66 Problems In Water Resourcee and
Environmental Engineering (A)
Prereq.: Permission of Instructor
0(1,2,8).
Arr.
Advanced topics selected by students for ind-
vIdual study with staf approval. Choice of
subjects from theorec, experimental, and
practical phases of hydromechanics, ydraulic
engideering, water resources, and on-
mental engineering. Information: R. L. Bras.

1.67 Sediment Transport and Coastal
Processes (A)
Prereq.: 1.60
0 (2) Not to be offered 197-
3-0-6

Emphasizes the quantitative description of the
mechanics of sediment transport In steady and
unsteady flows based on hydrodynamic princi-
pies. Equations of motion for partioles In a tur-
bulent flow, entrainment, bedload, and
suspended load. Bedform mechanics, ripples,
dunes. Flow resistance and boundary layer
mechanics. Wave-Induced longshore currents,
longehors and on-ofshore sediment transport.
coastal protion. Basic theory of water
waves assumed known; contact instructor In
early January.
0.8. Madsen

1.66 Physics of Natural Water Bodies (A)
Prereq.: 1.63
G (1)
3-0-6

Treats the principal physical processes in nat-
ural water bodies. Emphasizes the molecular
and turbulent vertical transport of mass, mo-
mentum, heat, and mechanical energy. In-
cludes: physical properties of air and water;
goveming conservation equations In exact and
approximate form; meteorological forcing;
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fteme across the water surface; mixed layer
dynamics and straiflostion; bottom boundary
conditions; hydrologic, tidal, wind, and density
driven circulation; lnkage between physical,
chemalol, and biological processes.
K. D. Stolenbach

.ll Introduction to Coastal
Engineering (A)
Prereq.: 1.60

3-0-
Baslo hydrodynamics of waves In deep and
shalow water. Unear theory, dispersion, su-
perpositon, spectral representation. Energy,
energy transport, dissipation by bottom friction.
Refracion, diffraction by breakwaters. Some
nonlinear aspects, oncidal waves, wave break-
Ing. Emphasizes physical Interpretation of
mathematical results and their engineering ap-
pication. Storm surges, forecasting of wind
wave characteristics. Wind wave statistics,
wave forces on piles; breakwater stablity.
0. 8. Madsen

1.601 Wave Dynamics In Coastal
EngineerIng (A)
Proreq.: 1.69, 1.131
G (2)
3-0-
Problems in water waves and currents of in-
terest to coastal engineers. Emphasizes me-
chanIcal principles and theoretical methods of
analysis. Topics chosen from the following
areas: Ray theory of refraction, scatterin of
shalow water waves, linearized theory o har-
bor oscnations. Diffraction by a breakwater.
Effect of entrance losses. Mass transport due
to viscosity. Radiation stresses and short-
wave/long-wave Interaotons. Nonlinear waves
In shallow water. Solltons and harmonic gen-
eration. Nonlinear resonances on a beach or
In a bay. Alternate years.
C. C. Me/

1.602 Wave Dynamics In Oceanographic
8ngineering (A)
Prereq.: 1.80, 1.131
G (2) Next oiered 1687-
3-4
Problems In waves and currents of Interest to
oceanographlo engineers. Transient aspects of
dispersion and tsunamis. General theory of
floatIng bodies, lnearized radiation and diffrac-
tion, analytical and numerical aspects. Power
absorption from sea waves. Nonlinear long
waves In rivers or near a coast. Nonlinear
short waves: slow modulation and Instability of
Stokes waves by slender or blunt cylinders.
Effects of currents or topography on wave ev-
oludon. Wave effects on a porous elastic sea
bed. Altemate years.
C. C. Mel

1. AM Principles and Physics of
Remote Sensing (A)
(NO"
(Same subject as 12.975J)
Prereq.:-
G(1)
3-0
See Descripton under subjot 12.975J.
(Woods Hole Sta): J. 8. Jaft, K. A. Kelly

1.6W Appiloation of Remote Sensing
and Image Proosseing (A)
(Ne)
(Same subject as 12.976J)
Prereq.:
G (2)
3-3-3
See description under subject 12.976J.
(Woods Hole Staff): J. S. Jago, K. A. Kelly

1.077J OceanographIc Systems I
(Same subject as 13.99W)
Preroq.: -

2-4"
See descriptlon under subject 13.990.
(Woods Hole Staf)

1.661 Oceanographlc Systems II
(Same subject as 13.991J)
Prereq.: -
G (5)
2-4-6

See description under subject 13.991J.
(Woods Hole St10)

1'69J Special Projects In Ooenographlo
Engineering (A)
(Same subject as 13.999J)
Prereq.: Permission of Instructor
0(1,2,8)
Arr.

See description under subject 13.999J.
(Wood Hole Staff)

Hydrology and Water Resource
Systems

1.70 Analysis Methods In Water Resources
and EnvIronmental Engineering
Prereq.: 1.60
U (2)
3-3-6

Use of analytical tools (e.g., computer models)
In the design and evaluation of water re-
sources projects such as flood control, river
basin development and water quality. Lectures
discuss goveming principles, common models,
and typical applications. In case studles stu-
dents select/develop models, run simulations
and Interpret results In written and oral re-
ports. For advanced undergraduates or gradu-
te students wishing exposure to broad

applications. Some programming experience
assumed.
E. E. Adams, F. E Pertdne

1.71 Introduellon to Hydrology
Prereq.: 1.05
G (1)
4 .

Principles of meteorology and cimate; earth
water and energy balance; radiation; precipita-
don formation; evaporation; Infiltration; runoff
process. Streamflow analysis. Flood routing
and rainfan-runoff models. Groundwater, well
hydrology. Introduction to hydrologic probabi-
Helo models. Deterministic, numerical, models
In hydrology. Data analysis, design of coleo.
tion systems. Useful for graduate students
with no hydrology background.
R. L. Bras

1.711 Dynamic Hydrology (A)
Prer.: 1.03,1.60,1.71
G (2)

Topics In theoret hydrology: precipitation
processes. Snow physics. Soll physics and
soll moisture movement. Water use by vgt-
ton. Kinematic wave approimation to hydro-
graph formation. Flood routing. Interaction of
geomorphology and basin response. Analysis
of extrmrne evnts. Physically based edd
distributions of flood peaks and volumes. Al-
temate years.
P. S. Eagleson

1.712 Sampling, Syntheels, end
Forecasting ofHydrologio Processes (A)
Prereq.: 18.444 or equivalent
0 (2)
3-0-6
The sampling, synthesis, and forecasting of
signals In . Emphasizes hydrologic
systems. of series. Correlation and
speoctral analysis of perlodlo and aperlodlo Sig-
nals. Time and frequency domain analysis of
random proces"es and fields. Stochasto simu-
lation of rainfall and runoff. Estimation of staic
and dynamic systems. KrIging and Kalman
filtering techniques. Applications In geology,
oceanography, mining. Alternate years.
R. L. B&

1.713 Hydroollmatology (A)
Proreq.: 1.03,1.60, 1.71
G (2) Next olered 19576
3-04

Emphasis on modeling the onemensond
long-term water and heat balances for meso-
scale landsurfaces: Global scoale environmen-
tal problems. Energy balance of the earth.
General circulation of atmosphere and oceans.
Structure of the hydrothermal couplng In hy-
drology and its modeling at large scale.
Parameteriaton of sol and vegetation. Em-
phasizes the dynamic interaction of climate,
oN, and vegetation with examples from obser-

vations. PrInclples and utility of remote sen-
sing In mesoscale hydrology. Alternate years.
P. S. Eagleson
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1.72 Groundwater Hydrology (A)
Prereq.: 1.0
G(1)
3-0-

Introduces subsurface flow theory and applica-
tions; storage properties, Darcy equation, flow
nets, mom conservation, the aquifer flow
equation, heterogeneity and anisotropy, re-
glonal vertical circulation, unsaturated flow,
and recharge. Well hydraulics, stream-aquifer
Interaction, distributed- and lumped-parameter
numerical models. Groundwater quality, mixing
cell models, contaminent transport processes,
dispersion, decay and adsorption; pollution
sources. Includes laboratory and computer
demonstrations.
L. W. Gelhar

1.721 Advanced Subeurface Hydrology (A)
Prereq.: 1.72, 18.075
G (2) Next offered 1967-86

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 spatil
variability. Contaminant transport, macrodis-
persion, tracer tests, salt water Intrusion, heat
transport, unsaturated flow and solute trans-
port, flow and transport in fractured rocks.
Large-scale behavior of heterogeneous media
and uncertainty in model predictions. Permis-
sion of Instructor required.
L. W Gelhar

1.723 Subsurface Water Quality (A)

Prereq.: 1.72
G (1)
3-0-6

Examines subsurface water quality problems
from chemical and physical viewpoints. Phys-
ical transport of quality constituents, precipita-
tion/dissolution reactions, adsorption
chemistry, complexation, redox processes, mi-
crobial transformations, the role of particu-
lates, and chemical Influences on aquifer
permeability. Development of a mass transport
equation, and analytical and numerical solu-
tions. Cam studies of quality problems with
emphasis on hazardous waste disposal.
H. F. Hemond

1.724 Groundwater Modeling (A)

Prereq.: 1.72
G (2)
3-0-6

Development and application of numerical
models for fluid flow and contaminant trans-
port in porous media. Emphasis on finite dif-
forence, finite element, and collocation
techniques. Analysis of data, Implementation
of boundary conditions, choice of discretiza-
tions. Single- and multi-phase systems. Some
discussion on mathematical derivations of
govemi equations. Students develop com-
puter c sfor various physical systems of in-
treet. FamIilarity with basic numerical
methods is assumed.
M. A. Cogs

1.731 Optimization Methods for Water
Resource Management (A)
Prereq.: Permission of Instructor
G (1)
3-0-6

Survey of deterministic optimization methods
for management of large-scale water projects.
Linear, Integer, nonlinear, and dynamic pro-
gramming lilustrated with case studies. Appil-
cations include reservoir and irrigation
development, capacity expansion, conjunctive
use of surface and groundwater, and reservoir
operations.
D. McLaughlin

1.732 Probabilistl Methods for Water
Resource Management (A)
Prereq.: Background in Probability Theory
G (1)
3-6

Effects of uncertainty on water resource man-
agement. Spatial and temporal variability.
Quantitative methods for describing and ana-
lyzing uncertainty. Incorporating uncertainty
into models and decision making. Case stud-
les include reservoir operations, groundwater
resource development, water quality monitor-
Ing. Knowledge of optimization concepts and
random processes desirable.
D. McLaughlin

Water Quality Control and
Environmental Management

1.75 Umnology and Wetland Ecology (A)
Prereq.: Permission of instructor
G (2)
3-0-6

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, weiland blota,
and chemical conditions of wetlands. Metho-
dologles of modem limnology, Including field
methods and use of models; and current is-
sues In lake and wetland management. Alter-
nate years.
H. F. Hemond

1.76 Aquatic Chemistry (A)

Prereq.: 5.40 or 5.11
G (1)
3-0-6

Quantitative treatment of variables that goverm
chemical behavior of aquatic systems such as
lakes, oceans, rivers, estuaries, groundwaters,
and wastewaters. Topics: thermodynamics,
acids and bases, dissolved carbon dioxide, In-
teractions between solid phases and solutes,
coordination, and redox. Emphasis on quanti-
tative study of model systems. Interactions be-
tween physical, chemical, and biological
variables In natural waters stressed. 5.60 Is a
suggested prerequisite.
F. M. M. Morel

1.77 Water Quality Control (A)
Prereq.: 1.60
G (1)

Emphasis on mathematical models for predict-
ing distribution and fate of effluents discharged
into lakes, reservoirs, rivers, estuaries, and
oceans; and on formulation and structure of
models rather than on solution techniques.
Role of element cycles, such as oxygen, nitro-
gen and phosphorus, as water quality indica-
tors. Offshore outfalls and diffusion. Salinity
Intrusion In estuaries. Thermal stratification in
lakes and reservoirs and sedimentation
processes.
D. R. F. Halemmn

1.79 Plankton Ecology (A)
Prereq.: -
G(1)
3-0-6

Basic graduate subject dealing with selected
aspects of the ecology of marine and freshwa-
ter systems. Emphasizes physiological pro-
ceses of phytoplankton, and primary
production in lakes and oceans. Includes pho-
4osynthesis, nutrient limitation and uptake ki-
notics, element cycles, population growth,
phytoplankton/zooplankton interactions and
secondary production. Lecture/seminar format
with extensive outside readings.
S. W Chisholm

1.00 Fundamentals of oology
Prereq.: -
U (2)
3-1-8

Principles of Interrelationshipt between orga-
nisms and their environment. Development of
basic concepts of energy fow and element
cycles In ecosystems; productivity; trophic dy-
namics; community structure and stability;
competition and predation; population growth;
and physiological ecology. Emphasis on
aquatic systems.
S. W. Chisholm

1.81IJ Environmental I.aw: Pollution
Control (A)
(Same subiect as TPP 33J)
Prereq.: Permission of instructor
G(1)
3-0-6

Reviews and analyzes Federal and state regu-
lation of air and water pollution and hazardous
wastes. Emphasizes use of legal mechanisms
and alternative approaches (such as economic
Incentives) to control pollution. Focuses on the
major Federal legislation, the underlying ad-
ministrative system, and the common law in
analyzing the goals of pollution control, eco-
nomic consequences, and the role of the
courts. Discusses both classlc'i pollutants and
toxic industrial chemicals. Also provides an in-
troduction to basic legal skills.
N. A. Ashnord, C. C. Caldart
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1.12J Regulation of Chemical Toxins,
Radiation, and BWotschnology

(Same subject as TPP 34J)
Prereq.: 1.811J, 3.575J or 1O.805J
G (2)
3-0-
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
pollutants, pesticides, food additives, pharma-
ceutloals, radiation and radioactive wastes,
product safety, the Toxic Substances Control
Act, workplace toxins, biotechnology, and vic-
tims' compensation. Both health and economic
consequences of regulation discussed.
N. A. Ashford, C. C. Caldart, D.8. Hafde

1.2 Problem In Aquatic Biology and
Chemistry (A)
Pr eq.: Permission of Instructor
G (1, 2)
Arr.
Advanced topics In fields of aquatic chemistry
and aquatic biology. Choice of Independent
study seminar, laboratory or field studies. Typ-
ical topics Include analyical and bloassay
methodologies, nutrient and trace metal Inter-
actions with aquatic blots, element cycles.
S. W Chishoim, F. M. M. Morl

1.83 Organic Compounds in Aquatic
Environments (A)
Prereq.: 5.41 or 5.12
G0(1)
60-6
After an introduction to the cycling of natural
organic matter In aquatic environments discus-
slons focus on the sources and fates of an-
thropogenic organic compounds. Uses
physical chemical properties to predict chemi-
cal transfers between environmental compart-
ments (air, water sediments, blots). Uses
empirical approaches to estimate chemical
and biochemical transformations. Uldmately
develops models to assess the environmental
concentrations (and related biological expo-
suras) of hazardous organic compounds Intro-
duced Into water resources.
P. M. Gechtwnd

1.84 Aquatic Particles (A)
(New)

Prereq.: Permission of Instructor
G(1)
3-0-6
An advanced graduate course on the physical
chemistry of particles In natural waters. Nature
of aquatic pardoles. Basic surface chemistry of
solids in water. Double layer theory. Thermo-
dynamics of adsorpton. Adsorption models,
equilibrium, and kinedos. Mixed phase solids.
Particle Interactions. Stability of suspensions.
Coagulation theory. Size distributions. Role of
coagulation and blots In sedimentation. AIter-
note years
F. M. M. Morel

1.86 Westewater Treatment Engineering
(Revised Content and Unit)
Prereq.: 1.60 or 1.80
G (2)
3-0-8
Theory and design of treatment systems for
muncipal wastewater. Theory of mixing and
transport in reactor vessel.. Blochemical pro-
cesses related to the carbon; oxygen, nitrogen
and phosphorus cycles. Completely mixed and
plug flow reactors with and without recycle.
Activated-sludge systems and sludge'diges-
tors. Fixed-film processes, adsorption, sedi-
mentation and other physical, chemical, and
biological processes.
D. R. F. Harerman

1.0 Research In Water Resourose
and the Water Environment
Prereq.: -
0 (1, 2, 8)
Arr.
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: R. L Bras.

1.680 Teaching In Water Resources
and the Water Environment
Prereq.: -
G (1, 2)
Arr.

For teaching assistants, In recognition of the
educational value derived from satisfactory
performance of assigned duties, and for other
qualifed 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 I.
Information: R. L. Bras.

Special Studies

1.91 Civil Engineering intenship
Prereq.: -
U (1, 2, 8)
0-6-0
1.92 Advanced Cvid Engineering Internship
Prereq.: 1.91
0(1,2, S)
0-0
1.91 provida credit for the first two work as-
signments of Course I students affillated with
the Enginerlig intemahip Program. 1.92 pro-
vides credit for the third and fourth work as-
signments for studente afliated with the
Engineering Irdernship Program. Students reg-
later for both 1.91 and 1.92 twice and must
complete both work assignients In order to
receive academic credit for the subjects. En-
rolinient limited to students registered in the
Course I intership Option.
0. auyukozank

1.961-11.6 Special Graduate Studies in
CMI Engineering (A)
Prereq.: Permission of instructor
G(1,2)
Arr.

Graduate subjects taught experimentally; Spe-
cial subjects offered by visiting faculty; semi-
nars on topics of current interest.
0. S. Madsen

1.091 Graduate Studies In Civil
Engineering (A)
Prereq.: Permission of Instructor
0(1,2,S)
Anr.
Individual study, research, or laboratory inves-
tigations at the graduate level, under faculty
supervision.
0. S. Maden

1.90J Engineering Policy Thesis
Seminar (A)
(Same subject as 16.783J, TPP 13J)
Prereq.: Thesis Registration
S(1, 2)

See description under subject TPP 13J.
R. do NeuMIle, A. R. Odoni

1.901, 1.992 Speclal Undergraduate Studies
In Civil Engineering
Prereq.: Permission of instructor
U (1, 2)
An'.

Undergraduate subjects taught experimentally;
speclal subjects offered by visiting faculty;
seminars on topics of current interest.
R. V. D. Whlman

1.906 Undergraduate Studies In Civil
Engineering
Prereq.: -
U (1, 2, 8)
An.

individual study, research, or laboratory Inves-
tigations under faculty supervision.
R. V. D. Whitman

CIi Enninoerno 14D



Mechanical Engineering

2.UR U u Research In
Mechanteel Sonen
Prereq.: -
U (1, 2, 8)

Individual study, research, or laboratory Inves-
tigations under faculty supervision, IncludIng
Individual partilpaon In an ongoing research
project. Coordinator: D. G. Wilson

Mechanics, Dynamics, and
Acoustics
2.01 MechanOcs of Solids
Prereq.: 8.01, 18.02
U (1, 2) 80
t4
Introduces mechanics of continuous deforma-
be media emphasizing three-dimensional
requirements of force equilibrium, geometric
compatibility, and constitutive behavior. Stress
and its relation to force and moment. Strain
and its reladon to dIsplacement. Unear elastle-
ity with thermal expansion. Failure modes.
Applications to stress distributions and defor-
matons of rods, shafts, beams, and other sim-
ple structures of engineering Importance.
Emphasites computer methods and matrix
structural analysis.
T. G. GuobwW, D. G. Kar

2.02 Introduction to System Dynanics
Prereq.: 8.01, 18.02'
U (1, 2) SD
4-0-8 .
Dynamic modeling by linear and nonlInear
lumped multport elements of physical sys-
tems. Unified treatment of active and passive
mechanical, fluid, elecrioal, thermal and eleo-
tronlc 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 inear systems. System func-
tions, pole-zero configurations and their Inter-
pretation. Generalized Impedance and source
equivalents. Extensive use of engineering
examples.
D. Rowell

2.023 Dynamic Systems
Prereq.- -
G (8)
3-0-8

Review of system dynamics primarily for In-
ooml radute students; a shortened ver-

ln .02. No graduate credit allowed for
students In Course 11.
D. N. Wormley

LOJ Dynamics
(Same subject as 13.003J)
Prerq.: 2.01,2.02, 18.03
U (1, 2)
4-0

Dynamics of lumped and continuous models
of mechanklal, elecridcal, and elsetromchani-
cal systenm.inemats and dynamics of rigid
bodIes In two- and three-dImensional motions.
Formulation of equations of motion ly mo-
mentum principles and rang's equations.
Behavior of inearized natural modes
and frequency response of lumped systems,
wave transmission and reflection In continuous
systems.
J. H. MIName, Jr., J. K. Vandver

2.02 Dynamlos (A)
Prereq.: 2.03J
G (2)
3-0.9
Momentum principles and energy principles.
Lagrange equations, Hamilton's principle. Ap.
ploatlons to mechanical systems Including gy-
roscoplo effects. Study of steady motions and
nature of small dviatn therefrom. Natural
modes and natural frequencies for continuous
and lumped parameter systems. Forced vibra-
tions. Dynamic stability theory. Causes of
Instability.
a. H. Orandall

2.034 Nonlinear Dynamics (A)
Prereq.: 2.032
G (2)
3-0-9
A unified treatment of nonlinear phenomena in
the dynamics of discrete and continuous sys-
tems. Qualitative methods of analysis, phase
plane techniques. Quandtative analysis of
weakly nonilnear systems In free and forced
vibrations; perturbation methods, noninear
resonances, self-excited oscillations, locki-in
phenomena. Introduction to nonlinear stablity
and bifurcaton theory. ApplIcations are made
to mechanical, fluid, electrical, and fow-struc.
ture Interaction problems.
T. R. Akyla.

2.06 Kinemstos and Dynamics of
Mechanisms sad ManIpulators (A)
Pre.: 2.03J
S(1) e rd1111 197-8
3-04
Analyzes idnemati and dynamic characteris-
tics of planar and spatial mechanisms, IjWlud-
Ing machines and robotios manipulators. Use
of vector, complex variable and 4 by 4 ma-
trioe methods for idnemado analysis. Systems
Including flexible and rigid elements ad Active
control systems. A brief Introduction to kine-
matic synthsis methods and use of digital1
simulations for dynamics. Applications fm
Industrial machine systems and robotic
manipulators.
S. Dubowsky

LOSJ Mechnal Vibmadon
(Same subject as 13.80J)
Prereq.: 2.03J or 13.003J
U (2)
3.04
See deecription under subject 13.80J.
R. H. Lyon, J. K. Vandiver

LOSOJ Principles of Acoustics (A)
(Same subject as 13.81J, 18.S1J)
Prereq.: 2.03J or 18.004, 18.075
G(1)
3-0-9
Combined with subject 2.083, forms a two-
term sequence In acoustics at advanced level
subjects may be taken In any order. Empha-
sizes acoustis of fluids: derivation of basic
equations, radiation of sound, diffracton and
scatterings. Acoustic, thermal, end vor#ity
fla0tuations as first order perturbation of equa-
tions of fluid dynamics; energy density and in-
tensity. Multdpole expansions of source filids,
spheroal harmonics, radIation Impedance and
direolivity. Scattering and diffraction of sound
by obstacles. Moving sources. Aeroscousios.
P. Leehey, R. H. Lyon

2.01 Random Vibration (A)
Prereq.: 2.03J, 18.075
0 (2)
3-0-9

Description of stochastio processes. Impulse
response and frequency response of linear
time-invariant dynamic systems. Correlations
and spectra of statonay response. Crossing
rates, peaks, and envelopes. Failure under
random loading. Polson pulse pro00ses.
Measurement, identification, and response

2
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problems. Coherence. Space-time correlations
and cross-spectra. Digital data processing.
Cepstrum analysis. Applications to vehicles
and structures subjected to wide-band random
excitation.
S. H. Crandall

2.0M2 Wave Propagation (A)
Prereq.: 2.03J, 18.075
G (1)
3-0-9

Wave concepts in applied mechanics with ex-
amples chosen from elasticity, acoustics, geo-
physics, hydrodynamics, and related subjects.
Plane wave theory, dispersion, phase and
group velocities, wave Impedance, energy
density and intensity. Theory of characteris-
tics. Reflection and refraction, wave guides
and boundary waves. WKB method, Green's
law and wave action. Generation, transmis-
sion, and reception of waves. Water-hammer
waves, Rayleigh waves, waves In periodic
structures.
S. H. Crandall, T. R. Akylas

2.063J1 Sound and Structural Vibration (A)
(Same subject as 13.82J)
Prereq.: 2.03J or 16.004, 13.004, or 18.075
G (2)
3-0-9

With subject 2.060J, forms a two-term se-
quence In acoustics at advanced level; to be
taken in any 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. Ra-
diation Impedance and input and transfer mo-
bility of structural elements. Statistical energy
analysis, reciprocity, energy sharing between
structures and sound fields.
R. H. Lyon, P. Leehey

2.08J Flow Noise (A)

(Same subject as 13.84J, 16.082J)
Prereq.: 2.20, 16.02 or 13.021
G (1) Next offered 1987-8
3-0-9

See description under subject 13.84J.
P. Leehey, S. E. Wldnall

2.071J Introduction to Structural Mechanics
(Revised Content and Unit)
(Same subject as 13.1 W)
Prereq.: 2.01 or 2.015
U (1)
4-0-8

See description under subject 13.1W.
J. H. Willams, Jr., D. G. Karr, A. Moshalov

2.072 Mechanics of Contlous Media (A)

Prereq.: Permission of instructor
0 (2) Next offered 198748
3-0-9

Principles and practical application of contin-
uum concept for deformation of solid, fluid, or
multiphase bodies. Kinematics and thermome-
chanic conservation laws through comprehen-
sive tensor notation. Stress and strain
measures and constitutive equations. Solution
of many basic problems for various materials

as relevant In metallurgy, materials process-
ing, gcomechanics and fluid dynamics, frac-
ture mechanics and structural analysis.
Analytical and numerical solution methodology
for differential and Integral equations.
W. P. Cleary

2.073 Solid Mechanics - Plasticity and
Inelastic Deformation (A)
Prereq.: 2.01, 2.31, 2.32
G (1)
3-0-9

Focuses on analysis of Inelastic deformations
of solids emphasizing behavior of polycrystal-
line metals. Develops continuum constitutive
models including consideration of physical
bases of deforrnrtion. Limit analysis of con-
tinua, structures, 'id polycrystalline aggre-
gates. Variational formulations of goveming
equations Including finite element Implementa-
tion. See also 13.131 and 16.24.
D. M. Parks

2.074 Applications of Mechanics for
Porous/Geological Materials (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Extension of contiruum mechanics to fluid-in-
filtrated porous media: coupled heat/fluid flow
and solid deformation/frictional yielding/frac-
ture. Constitutive relations, micromodeling, ic-
calization instabilities, and structural analysis.
Laboratory simulation. Examples from energy
and materials resources, prospecting and ex-
traction: machine excavation, oll/gas drilling/
fracturing, solution mining, geothermal; from
geophysics: wave propagation, earth-fault
mechanisms, igneous Intrusions; and from
biomechanical load-bearing elements.
M. P. Cleary

2.083 Applied Elasticity (A)

Prereq.: 2.01, 18.075
G (1)
3-0-9

Introduces basic concepts and special meth-
ods In linear elasticity. Reviews fundamentals:
stress, strain, tensors, etc. Simple problems:
tension, flexure, thick pressure vessels. Tor-
sion of noncircular cross sections. Energy
theorems and applications. Planar problems
with analytic function theory: holes, cracks,
point loads, dislocations. Fundamental three-
dimensional problems; contact problems. In-
troduction to elastic stability. Introduces plate
theory.
J. H. Williams, Jr., L. L. Buociarell

2.064J Structural Mechanics in Nuclear
Power Technology (A)
(Same subject as 1.56J, 3.82J, 13.14J,
16.261J, 22.314J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 22.314J.
0. Buyukorfurk, M. S. Kalml

2.02 Methods of Engineering Analysis (A)
Prereq.: 18.075
G (2)
3-0-9
Study of nature of complex problems In engi-
neering analysis and means of obalding
practical solutions. Survey of formulations of
mathematical models for complex physical sit-
uations and of computational procedures for
their solution. Examples chosn from mechan-
los, hydraulics, heat transfer, elasticity, com-
pressible flow, etc. Numerical methods
Including iteration, variational, finite difference
and finite element methods.
K. J. Bahe, T. R. Akylas

2.063 Computer Methods In Dynamics (A)
Prereq.: 2.03J, 18.075
G (2)
3-0-9
Formulation of finite element methods for
analysis of dynamic problems In solids, struc-
tures, fluid mechanics, and heat transfer.
Computer calculation of matrices and numeri-
cal solution of equilibrium equations by direct
Integration and mode superposition. Effective
elgensolution techniques for calculation of fre-
quencies and mode shapes. Digital computer
coding techniques and use of an existing gen-
eral purpose finite element analysis program.
Modeling of problems and Interpretation of nu-
merical results.
K. J. Bathe

2.094 Theory and Practice of Continuum
Mechanics (A)
Prereq.: 2.01, 18.075
G (1) Next offered 1987-88
3-0-9
Basic principles of continuum mechanics and
finite element methods, modem 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 goveming equations using finite element
methods. Solution of central problems using
existing computer programs.
K. J. Bathe

System Dynamics and Control

2.10 Elementary Programming and Machine
Computation
Prereq.: -
U (1, 2)
3-2-4
Introduces the use of digital computers In sci-
once and engineering. FORTRAN, the most
popular language for scientific applications, is
used. Covers fundamentals of digital computa-
tion outlines, numerical techniques, character
manipulation, simulation and software devel-
opment. Some topics - e.g. graphics or intro-
duction to C - vary by semester. Problems
include examples from many disciplines. As-
sumes no prior computing experience.
D. Rowell, S. H. Kim, L. Paul
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2,101 Computer Models of Physical and
Engineering Sylms
Prereq.: 18.02, 8.01
U (2) 8D
3-0-9
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
8. Shyam $under

2.14 Control System Prinolples
Prereq.: 2.02
U(1, 2)
3-2-7

Introduces 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. Translent response
using convolution Integral and computational
techniques. Root locus and frequency re-
sponse methods. Performance Indices and er-
ror cdteria. Controller realization. Examples of
pneumatic, hydraulic, electronic, and electro-
mechanical control systems.
D. Rowell

2.141 Modeling and Simulation of
Dynamlo Systems (A)
Prereq.: 2.151
G(1)
3-0-9

Modeling of complex linear and nonlinear en-
ergeo dynamic engineering systems. Empha-
sizes subdivision Into simple mulidport
elements and representation by bond graph
language. Distributed systems. Field lumping.
Analytcal and graphical reductions. Efficient
digIal simulation using the Department com-
puting facilities. Examples including mecha-
nisms, electromechanical transducers,
electronic and fluid systems, thermal systems,
chemical and biochemical processes.
N. Hogan

2.151 Advanced System Dynamlos and
Control (A)
Prereq.: 2.02, 2.14, 18.06
G(1,2)
3-0-9

Analytical and graphical descriptions of state-
determined dynamic physical systems; time
and frequency domain representations; system
characteristics: controllablity, observablity,
stability; linear and nonlinear system re-
sponses. Modification of system characters-
tics using feedback. State observers, Kalman
filters. Modeilng/performance trade-offs In con-
trol system design. Emphasis on application of
techniques to physical systems.
N. Hogan, D. Rowell

2.152 Advanced Control System Design
(New)
Prereq.: 2.151 or 2.154; or equivalent
0 (2)
3-0-9
Introduction to advanced methods In linear
and nonlinear control system design. Unear
Multivarlable State-Space techniques: Elgen-
structure Placement, State-Observers, Dis-
crete Kalman Filtering. Nonlinear Stability
Theory: Model-Reference Adaptive Control,
Applied Nonlinear Control System Design, Op-
timal Control. Emphasis on applications to
physical systems and the modeling/perfor-
mance trade-offs.
J-J. E. Slotin.

2.153 Nonlinear Analysis and Control
Methods (A)
Prereq.: 2.151
G0(1)
3-0-9

Fundamental properties of nonlinear systems:
multiple equilibrium points, limit cycles, jump
resonances. Simulation of nonlinear dynamic
systems, deterministic and stochastic, Phase
plans methods, extensions to higher order
systems via bifurcation and catastrophe the-
ory. Lyapunov stability theory and application
to sliding mode and model reference adaptive
control. Equivalent linearization methods In-
cluding sinusoldal and random Input descib-
Ing functions. Controller design via describing
function methods.
J. K. Heddok

2.154J Multivarable Control Systems I (A)
(Same subject as 6.233J, 10.28J, 13.47J,
1 6.341J)
Prereq.: 2.14 or 6.302 or 10.35 or 16.30
G (1)
4

See description under subject 6.233J.
J. K Heddk, J-J. E. Slofn, M. Athens,
G. Stephanopoulo., M. S. Tdantafyllou,
B. K Walker

2.155J Multivarlable Control Systems 11 (A)
(Same subject as 6.234J, 10.29J, 13.48J,
16.342J)
Prereq.: 8.233J
G (2)
4-0-8
See description under subject 6.234J.
J. K Heddck, J-J. E. Slodne, M. Athens,
0. Stephanopoulos, M. S. Tdantaslyou,
L. Valavani

2.157 Computer-Alded Design (A)
Prereq.: Permission of Instructor
G (1)
3-0-9
Use of computers to aid design and manufac-
turing functions. Geometry: representation of
three-dImensional objects, reticular surfaces,
Coons' patches, splines. Interactive graphics
system components: storage and refresh CRT
displays, data tablets, and software. Three-
dimensional rotation, translation and perspo-

tive transformations, hidden-ne removal.
Reviews and discusses state-of-the-art CAD
systems. Emphasizes development and usage
of system fcr computer-aided design.
FORTRAN proficiency required.
D. C. Gossard

2.161 Computer-Controlled
Experimentation (A)
Prereq.: 2.14 or 2.151
G()
3-0-9

State-of-the-art techniques Involving use of
digital and analog computers to monitor and
control physical processes. Topics: Introduc-
tions to analog and digital hardware at the
computing module level, programming tech-
niques for digital minicomputers In real-time
on-line applications and fundamental toplcs In
signal conditioning and data reduction. Stu-
dents should be able to program In FORTRAN
and to set up elementary simulations on an
analog computer.
D. Rowell

2.171 Analysis and Design of Digital
Control Systems (A)
Prereq.: 2.151; 2.14
G (2)
3-3-6

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
interfaces and data converters; analysis and
synthesis of sampled-data control systems us-
Ing classical and modem (state-space) meth-
ods; analysis of trade-offt In control algorithms
for romputation speed and quantization ef-
facts. Laboratory projects emphasize practical
digital servo interfacing and Implementation
problems with timing, noise, nonlinear devices.
W Dure

2.18J Human Factors In Design
(Same subject as 9.39J, 22.088J)
Prreq.: Permission of Instructor
U (2) HASS
3-1-8

Analyzes human and computer roles, interfac-
Ing and reliability In nuclear and chemical
plants, air traffic control, Industrial robots, of-
fe automation, and other systems. Introduces
methods for measurement of and statistical in-
forence about human behavior In such Interac-
tions. Reviews human sensory and motor
performance characteristics and the derivation
of human engineering design crteda for dis-
plays and controls. Readings from the human
factors engineering literature. Cms studs
and design projects.
T. B. Sheddan, D. D. Lanning, A. Hein
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2.181d1 Models of ManMachine Syetm. (A)
(Same subject as 16.365J)
Prowe.: 18.03
3-14S
Introduces mathematical models of human
performance and man-machine interaction.
Psychophysical methods. Theory and models
of manual control, supervisory control, Infor-
malon transmission, signal detection, Baye-
slan decision-making. Multi-attribute utility,
fuzzy set and other judgement scaling tech-
niques. Application to process control, aircraft
and robotic systems. Readings from the litera-
ture. Laboratory demonstrations and case
studies. Permission of instructor required.
T. B. 8heridun, S. R. Bussolar

2.192 Engineering Systems Analysis (A)
Prereq.: Permission of Instructor
G(1)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.

.de NeuMile, J. P. Clark

Fluid Mechanics and Combustion

2.20 Fluid Mechanics
Prereq.: 18.02, 18.03
U (1,2) SD
4-0-8
Introduces incompressible flows. Hydrostatics.
Mass conservation equation. Differential equa-
tion of motion for inviscid flows. Bernoulli's
equation. Unear and angular momentum theo-
rems and applications to engineering prob-
lems. Vorticity and potential flows. Equations
governing viscous fluid flow, and some special
solutions. Dimensional analysis and modeling,
with application to flow problems. Flows with
head losses and gains in ducts and pipes.
Boundary layers and separation. Drag and lift.
J. A Fay

2.21 Fluid Mechanics of Power and
Propulon

Prereq.: 2.20, 2.40
U (2)
3-0-9
The functioning and design of fluid systems
used for energy conversion and propulsion,
with emphasis on showing how fundamentals
of fluid mechanics may be applied. Analysis of
Incompressible flow in turbomachines such as
pumps and fans; performance characteristics
and scalng rules. Introduction to compressible
flow tmory. Performance of airfoil cascades.
Thermo-fluid dynamics of compressible-flow
machines, such as gas and steam turbines.
Thrust and propulsion efficiency of propeilers,
turbofans and turbojets, windmills.
M. A. El-Mw!

2.22 Computational Methods In
Engeering
(Now
Prereq.: 18.03, 2.10
U (1)
3-0-9
Computational methods most useful In engi-
neering analysis, including approximation, in-
tegration, solution of algebraic, ordinary, and
partial differential equations, are Introduced.
Applications from Heat Transfer, Fluid and Ap-
plied Mechanics are discussed, with emphasis
on: formulation of physical models, choIce of
numerical algorithms, error estimates, analysis
and Interpretation of results, and model valida-
tion. Extensive computer homework, knowl-
edge of FORTRAN is expected.
A. Ghonlem

2.25 Advanced Fluid Mechanics (A)
Prereq.: 2.20, 18.075
G(1)
3-0-9

Surveys principal concepts and methods of
fluid dynamics. Statics. Fluid kinematics. Con-
tinuity, momentum, and energy relations for
continuous fluids. Vorticity dynamics. Circula-
tion. Kelvin's and Helmholtz' theorems. Dy-
namical similarity in fluid flows. Navier-Stokes
equations for viscous fluids and applications.
Lubrication theory. Boundary layer theory, in-
cluding separation ard other examples of
shw flow phenomena. Introduction to turbu-
lence. Drag. Uft.
A. A. Sonin

2.271 Compressible Fluid Mechanics (A)
Prereq.: 2.20, 2.40
G (2)
3-0-9

Fundamental survey of compressibility effects
In transient and steady flows. Examples from
engineering practice. Steady one-dimensional
flows with area change, shock waves, frtion,
and energy exchange. Unsteady one-dimen-
sional flows: wave phenomena, method of
characteristics, shocks and rarefactions.
Steady, two-dimensional subsonic and super-
sonic flows: method of characteristics, stand-
ing shock waves. Numerical methods for
compressible flows.
R. D. Kamm, T. Y. Toong

2.272J Physloochemical
lydrodynamlcs (A)

(Same subject as,10.53J)
Prereq.: 2.25 or 10.50
G (1)
3-0-9

Fundamentals of physical-chemical interac-
tions with fluid flow including aspects of blo-
molecular hydrodynamics. Transport of mom,
heat, and charge in laminar flow; some effects
of turbulence. Particle-liquid flows with and
without charge effects. Macromolecules as hy-
drodynamic particles with application to sepa-
ration processes. Surface tension, phase
change and chemical reactions in flows. Poly-
mori liquids and suspension rheology.
R. F. Probstein, H. Brenner

2.273 Turbulent Flow and Transport (A)
Prereq.: 2.25
G (2)
3-0-9

Turbulent flows, with emphasis on engineering
methods. Governing equations for momentum,
energy and species transfer. Turbulence: Its
production, dissipation, and scaling laws. Av-
eraged (Reynolds) equations for momentum,
energy, and species transfer. Simple closure
approaches for free and bounded turbulent
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 com-
plex closure schemes and statistical methods
In turbulence.
A. A. Sonin

2.274 Computational Fluid Dynamics (A)

Prereq.: 2.25
G (1)
3-0-9

Techniques for the numerical simulation of vis-
cous incompressible flows. Spatial discretiza-
tion: finite-difference, finite-element, spectral
methods. Time-stepping. Accuracy, stability,
and generality considerations. Numerical diffu-
sion, dispersion. Vorticity-streamfunction and
primitive-vadable formulations. Examples from
internal and external flows, heat transfer. Fa-
miliarity with elementary numerical analysis
helpful. Computer assignments requiring
knowiedge of FORTRAN.
A. T. Patera

2.275 Turbomachinery DesIgn (A)
Prereq.: 2.20 or 2.25; 2.40 or 2.41J
G (1)
3-0-9

Momentum transfer in turbomachines. Axial
compressors and turbines: design considera-
tions, cascade aerodynamics including effects
of viscosity and compressibility, three-
dimensional flow, performance imitations; ra-
dial machines; hydraulic pumps and turbines;
cavitation.
D. G. Wilson

2.277 Biomedical Fluid Mechanics (A)
Prpreq.: 2.20
G(2) Ned offered 197-18
3-0-9

Engineering approach to the function of circu-
latory and respiratory systems and to othr
problems In physiology Involving fluid dynam-
ics. Reviews relevan anatomy and physiology
emphasizing quantitative considerations. Pre-
sents and discusses mathemaical or engl-
neering 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 instructor. Alternate years.
R. D. Kamm

........................... - ." .. ....... .....
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2.281 Reecting Gas Dynamics (A)
Prereq.: 2.20 or 18.02
G (1) Not to be offered 198748
3-0-9

Treats problems in non-equillbrium gas dy-
namics involving simultaneous occurrence of
chemical reaction and transport of mass, mo-
mentum, and energy. Applied chemical kinet-
ls. Conservation equations considering
chemical reaction and multispecies diffusion.
Relaxation phenomena. Method of character-
istics for non-equillbrium flows. Acoustic
waves, shocks, flames, detonations; their
propagation and structure. High-temperature
gas flow in jets, nozzles, hypersonic boundary
layers. Chemical effects on turbulence. Engi-
neering applications. Alternate years.
T-Y. Toong

2.282 Combustion (A)

Prereq.: 2.20 or 16.02
G (1) Next offered 1987-8
3-0-9
Comprehensive treatment of combustion prin-
ciples and their applications. Topics empha-
sized vary from year to year. Fire research.
Engine combustion. Combustion instability, lin-
ear and nonlinear mechanisms, Interactions of
acoustic waves with nonuniform and fluctuat-
Ing reacting flows. Laminar and turbulent
flames. Exothermic hypersonic flows. Super-
sonic combustion. Reacting boundary layers
with ablation. Alternate years.
T-Y. Toong

Materials

(See also listing under Polymers and
Fibers)

2.30 Mechanical Behavior of Materials
(New)

Prereq.: 2.01, 2.86
U (1, 2)
4-1-10

Introduces mechanical behavior of engineering
materials. Emphasizes a combined materials
science and continuum mechanics approach.
Major topics: linear elasticity, linear viscoelas-
ticity, rate-independent plasticity, rate-
dependent plasticity, linear elastic fracture
mechanics, creep fracture, and fatigue failure.
Laboratory experiments involving a variety of
materials, testing methods and analyses, and
a special project.
L. Anand, D. M. Parks

2.301 Advanced Mechanical Behavior
of Materials (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Selected topics treated from the atomic to the
applied level for insights into a variety of ma-
terials and applications. Deformation in elastic-
Ity, rubber elasticity, viscosity, creep, and
plasticity (with some slip line fields); viscoelas-
tic shift factor and superposition. Monotonic
and fatigue crack initiation and growth in duc-

tile and brittle structures. Hardness, friction,
wear. High-strength materials, composites.
Requires background in materials or mechan-
Ice. Text: McClintock, Argon, Mechanical Be-
havor of Materials, and notes.
F. A. McClintock

2.302J Physics of Inelastic Deformation of
Solids (A)

(2.333J)
(Same subject as 3.25J)
Prereq.: 2.31, 2.32 or 2.30 or 2.301
G (2) Next Offered 1987-88
3-0-9

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
crystalline polymers; statistical theory of elas-
tomeric behavior. Macro-plasticity in polycrys-
talline metals and in polymers. Strain
hardening and recovery. Macroscopic three-
dimensional constitutive relations for inelastic
deformation, usable in computational mechan-
Ics. Altemate years.
A. S. Argon

2.303J Micro Mechanisms of Fracture (A)
(New)

(Same subject as 3.26J)
Prereq.: 2.31, 2.32, or 2.30 or 2.301
G (2) Next Offered 1987-88
3-0-9

Fundamental crack tip solutions. Cohesive
strength of pure solids and interfaces. Micro-
crack initiation. Brittle fracture in tension and
compression. Static fatigue. Toughening of
brittle solids by crack tip shielding. Ductile
fracture by plastic cavitation. Intergranular
fracture at elevated temperatures. Brittle to
ductile transitions in fracture. Fracture of com-
posites. Fracture in cyclic deformation. Exam-
ples drawn from all prominent structural solids.
Altemnate years.
A. S. Argon

2.31 Mechanical Behavior of Materials I

Prereq.: 2.01
U (1)
3-1-5

Introduces mechanical behavior of engineering
materials emphasizing a combined materials
science and continuum mechanics approach.
Major topics: elasticity, rate-independent plas-
ticity, linear elastic fracture mechanics, and fa-
tigue failure. Laboratory experiments involving
a variety of materials, testing methods, and
analyses, and a special project. Requires
competency in 2.01. Recommended that it be
taken in term following 2.01.
L. Anand

2.32 Mechanical Behavior of Materials |1

Prereq.: 2.31, 2.86
U (2)
3-1-5

Combined materials science and continuum
mechanics treatment of rate-dependent defor-
matlon and failure. Major topics: reinforced
polymeric materials; strengthening mecha-
nisms in crystalline materials; phase micro-
structure of materials and methods for their

control; mechanisms and mechanics of via-
coelastcity, creep and creep fracture; ma-
terials selection. Project laboratory provides
opportunity for independent research into me-
chanical behavior of materials. Competency
required in 2.31 and taken in term following.
L. Anand

2.34J The Mechanics of Fracture

(Same subject as 3.41J)
Prereq.: 2.31, 2.32
G (2)
3-0-9

The understanding and prevention of fracture
of engineering materials requires an integra-
tion of basic concepts in materials science and
solid mechanics. Focuses on connecting ml-
crostructural fracture processes with appropri-
ate macroscopic (continuum) models. Topics:
linear elastic and elastic-plastic fracture; fa-
tigue and fatigue crack growth; creep rupture
and creep crack growth.
D. M. Parks, R. M. N. Pelloux

2.35 Role of Microstructure In Mechanical
Behavior
(New)

Prereq.: 2,30 or 2.31, 2.32
G0(1)
3-0-9
Equilibrium and non-equilibrium means of ob-
taining diverse microstructures in engineering
solids. Micromechanisms that govern the de-
formation 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

Piereq.: 8.02, 18.03
U (1, 2) SD
4-0-8

Classlal thermodynamics emphasizing rela-
tien of abstract concepts to physical situations.
Work and energy for pure conservative and
pure dissipative systems. Heat, temperature,
first law of thermodynamics. Pure thermal sys-
tems. Equilibrium and reversibility. Thermo-
dynamically coupled systems, second law of
thermodynamics, thermodynamic temperature,
entropy. Bulk flow and open systems. The
pure substance, solid, liquid, and gaseous
phases. Applications to engineering systems.
J. L. Smith, Jr., J. B. Heywood
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2.41J Thermodynamios of Power Systems
(Same subject as 13.25J)
Prereq.: 2.40
U (2)
3-0-9
Application of thermodynamics to power-
generating systems. Thermodynamics of com-
bustion and mixtures of gases. Analysis of
Camot, Rankine, Brayton, Otto, and Diesel
cycles. Availability. Performance of modem
steam plants, gas turbines, Internal combus-
tion engines, refrigeration plants, marine
power plants. Economic and pollution aspects.
New power generation concepts, such as fuel
cells, MHD, vapor engines, solar, wind, tidal.
J. 8. Heywood, J. L. Smith, Jr.,
A. D. Carmichael

2.451J General Thermodynamics I (A)
(Same subject as 22.571J)
Prereq.: Permission of instructor
0(1)
3-0-9

General foundations of thermodynamics valid
for small and large systems, and equilibrium
and nonequilibrium states. Definitions of state,
property, work, energy, stable equilibrium,
available energy, entropy, thermodynamic
potential, and interactions other than work
(nonwork, heat, mass transfer). Applications to
properties of materials, bulk flow, energy con-
version, chemical equilibrium, combustion, and
industrial manufacturing.
E. P. Gyftopoulos, G. P. Beretta

2.452J Ouantum Thermodynamics (A)
(Same Subject as 22.572J)
Prereq.: Permission of Instructor
G (2)
3-0-9
A comparative Introduction to the general
foundations of classical and quantum mechan-
ice, statistical mechanics, and thermody-
namics, pinpointing structual analogies and
conceptual differences. Perspectives and open
questions on the significance of entropy and
Irreversibility. A unified quantum theory of me-
chanics and thermodynamics, including a
novel equation of motion for Irreversible pro-
cesses. Examples and applications. Outline of
new research opportunities. Self-contained re-
view of necessary mathematical background.
0. P. Beretta, E. P. Gy"fopoulos

Heat and Mass Transfer

2.51 Heat and Mass 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 de-
velopment in ducts over flat plates and bilunt
bodies, through tube bundles and packed

beds. Condensation. Bolling. Hut exchanger
design; heat transfer In nuclear reactors. Ra-
diative heat transfer. Mass transfer in station-
ary systems; mass transfer associated with
laminar and turbulent flows.
B. B. MikidJ

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 se-
lected officers of US Navy and Coast Guard.
B. B. Mikkd

2.55 Advanced Heat Transfer (A)
Prereq.: 2.20, 2.40, 18.075
G (1, 8)
3-0-9
Reviews analogies among heat, mass, and
momentum transfer. Free and forced convec-
tion from theoretical and experimental view-
point for laminar and turbulent flows In ducts
and over flat plates and blunt bodies. Heat
transfer coefficients at high velocities. Heat
transfer-friction relationship In heat exchang-
ers. Film and dropwise condensation. Boiling
with forced and natural convection. Radiative
heat transfer; heat transfer between surfaces,
in absorbing media.
B. B. Mikid, M. A. El-Maerl

2.56 Conduction Heet Transfer (A)

Prereq.: 2.40, 18.075
G (2)
3-0-9

Steady and transient-state heat conduction
and mass diffusion for various boundary con-
ditions. Solution of differential equations in
rectangular, cylindrical, and spherical coordi-
nate systems. Approximate methods: finite
difference technique, analogies, fixed and
floating random walk. Moving boundaries:
problems in freezing and melting. Thermal
stress resulting from nonuniform temperature
distribution. Thermal contact resistance.
B. B. MI/id

2.67J Two-Phase Flow and Bolling Heat
Transfer (A)

(Same subject as 22.38J)
Prereq.: 2.20 or 2.25 or 10.52; 2.51 or
2.55 or 10.50; or 22.312
G (2) Next offered 1987-88
3-0-9
See description under subject 22.36J.
W M. Rohsenow, P. Grfflth, N. E. Todreas

2.56 Radiative Transfer (A)

(Same subject as 10.74J)
Prereq.: 2.51 or 10.302
G (2) Next offered 1987-8
3-0-9

See description under subject 10.74J.
L. R. Glkuman, A. F. Serofim

Power Systems

2.601J Thermal Power Systems (A)
(Same subject as 13.28J)
Prereq.: 2.20; 2.40 or 2.402, 2.51
G (2)
3-0-9

Design of thermal power system components
and system optimization. Reviews thermo-
dynamics, gas dynamics, and heat transfer.
Design of axial and centrifugal compressors
and pumps, axial and radial Inflow turbines,
heat exchangers, evaporators, boilers and
condensers: Takes problems and examples
from the fields of space, electrical utility and
marine power systems. Assumes knowledge
of elementary heat transfer and simple thermal
power cycles.
W M. Rohsenow, A. 0. Carmichael

2.615 Internal Combustion
Engines (A)
Prereq.: 2.20, 2.40
G (2)
3-0-9

Analytical approach to the engineering prob-
lems and performance analysis of internal
combustion engines. Study of fluid flow, ther-
modynamics, combustion, fiction, heat
transfer and other factors affecting power, effi-
cIency, and emissions. Design and operating
characteristics of different types of engines:
spark-ignition, stratified charge, diesel, and
mixed cycle engines. Engine laboratory proj-
ect. For graduate and selected undergraduate
students.
J. B. Heywood

2.621 Gas Turbine Design (A)
(Now)
Prereq.: 2.20, 2.40 or 2.41J or 2.51,
G (1) Next offered 1987-16
3-0-9

Applies engineering science to development of
gas turbines. Thermodynamics and fluid me-
chanics of flow phenomena in turbines and
compressors. Design of turbines, compres-
sors, heat exchanges, and combustion cham-
bers. Operating characteristics of gas-turbine
power plants in various applications. Altemate
years.
0. 0. I'Wason

2.63 Energy Production from Renewable
Resources (A)
Prereq.: 2.20, 2.51
G (2) Next offered 1987-66
3-0-9

Basic elements of energy production from
wind, solar light, ocean waves, tides, geother-
mal gradients, and biomass. Significant phys-
ical properties of solar radiation, the
atmosphere and the ocean which affect design
and operation of energy-gathering machines
and systems. System dynamics of production,
storage, and demand. Elements of component
design, including economic factors.
J. A. Fay
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2U Low-Temperature Refrigeration (A)
Pr eq.: 2.40
G l
3-346
Thermodynamic processes for producing low-
temperature refrigeration. Problems of heat
exchangers, Insulation and rectification. Appli-
cations of low-level refrigeration to liquefaction
of helium and to application of superconduc-
tors. Laboratory projects on related topics
according to lndvdual Interests.
J. L. Smith, Jr.

2OJ Pluldization (A)
(Same subject as 10.651J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 10.651J.
L. R. Glcksman, A. F. Sarofim

Experimental Engineering

2.671 Mesaurement and Instrumentation
Prereq.: 2.02
U (1,2) LAB
2-3-4

Experimental techniques for observation and
measurement of fundamental system variables
such as: force, pressure, temperature, flow,
and acceleration. Emphasizes electrical mea-
surement, associated Instrumentation, and un-
derstanding of statistical and dynamic
implications. Typical laboratory experiments
Involve: oscilloscopes, strain gages, accelero-
meters, thermocouples, digital recorders, etc.
Background for lab projects Is developed In
lectures. Six units may be applied to the Gen-
eral Institute Laboratory Requirement.
C. F. Dewey, Y. Iwasa

L672 Project Laboratory
Prereq.: 2.20, 2.40, 2.671
U (1, 2) LAB
1-3-2

Engineering laboratory subject for mechanical
engineering juniors. Major emphasis on Inter-
play between analytical and experimental
methods In solution of research and develop-
ment problems. Communication (written and
oral) of results is also a strong component of
the course. Groups of three students work
together on three problems during the term.
S. Motakef, W Cheng

2.6 Theory and Application of Modern

Prereq.: Permission of instructor
G (2) Next offeed 198748
3-2-4

Introduction to modem techniques for deter-
mining the mechanical, thermal, and chemical
properties of engineering systems. Principles
of operatich and applicatons of Instruments
such as interferometers, spectrometers, in-
frared detectors, lasers, chromatographs, nu-
dear and electron spin detectors, electron and

Ion microscopes. Theory includes optics,
quantum physics, and molecular theory. Com-
puter-based measurement and control Intro-
duced. Laboratory project using Instruments
selected by students. Graduate students only.
W . Unkel, J. C. Keck

Design

2.70 Introduction to Design
Prereq.: -
U (1)
2-3-4

Introduces design process in engineering,
stressing creativity and visual thinking. Instruc-
tion is focused on design projects carried out
by students working closely with section In-
structors. Lecture topics range from brain-
storming to basic machine elements. Includes
a design-and-build project. Designer's respon-
sibility and professionalism are emphasized.
W C. Flowers

2.701 Visual Communication In Design
Prereq.: -
U (1, 2)
2-2-2

Lectures and laboratory sessions on basics of
drafting as used to delineate engineering de-
sign Information and data. Introduces descrip-
tive geometry, orthographic projection,
sectional anauxillary views, techniques of di-
mensioning and tolerancing, and computer-
aided drafting. Use of drafting tools explained
and practiced In addition to orthographic and
pictorial sketching techniques.
W. C. Fkwers, J. B. Grinnell, Jr.

2.72 Elements of Mechanical Design
Prereq.: 2.01, 2.70
U (1)
3-3-8

Examination and practice In the application of
many mechanical design elements, Including
control components. Typically two or more In-
dividual design projects selected to employ a
variety of machine elements, demanding Inte-
gration Into a functional and practical device.
Topics: typical machine elements, power
transmission elements, motors and prime
movers, control elements, material selection,
and assembly techniques. Taken prior to 2.73,
this subject enhances the design experience
In the latter.
C. R. Peterson

2.73 Design Projects

Prereq.: 2.03J, 2.20, 2.30 or 2.31, 2.40, 2.70
U (2)
2-3-4

Practice in engineering design through proj-
ects specifically chosen to integrate significant
portions of material covered in prerequisites.
Typically, one group project and two Individual
projects. Emphasizes pursuirg creative solu-
tions to current, real, engineering design prob-
lems. Guest lecturers Invited to provide

problem backgrounds and Insights. Other lec-
turers address the breadth of topics Involved
In engineering design from analytical tech-
niques to human-machine Interactions, eco-
nomics, and patent laws.
C. R. Peterson

2.731 Advanced Engineering Design (A)
Proreq.: 2.73
G (1) Next offered 198748
3-3-8

Two sections. 1)lnvolves advanced topics In
engineering design: optimization, kinematics
and mechanics, human factors engineering,
and Idea generation and creative problem
solvingb. 2)As ongoing case studies of the de-
sign process, students design, build, and test
pIeces of mechanical hardware for industrial
clients. Requires two semesters for design,
assembly, and debugging" of the mechanical
devices. During the fall, defines problems,
creates and evaluates solutions, and gener-
ates a detailed design. Graduate status or
permission of Instructor.
W P. Seering

2.732 Advanced Design Projects (A)

Prereq.: 2.731
G (2) Next offered 197-46
3-0-6
Continuation of 2.731. Includes discussions of
such topics as applications of microproces-
sors, product liability and safety, entrepreneur-
ship, marketing of a product, patent
applications, and methods of redesign. From
parts built for them by participating Industrial
clients, students assemble and "debug" de-
vices which they designed during term 1 in
2.731. By the end of term devices are brought
to specification and presented to the respec-
tive sponsors. Permission of Instructor
required
W P. Seering

2.733J Engineering Design In Social
Context
(Same subject as STS 430J)
Prereq.: -
U (2) HASS Next offered 198748
3-0-

See description under subject STS 430J.
L. L. Buoccareill

2.741 Fundamentals of Mining
Technology (A)
Prereq.: Permission of Instructor
G (1) Next offered 198748
3-0-9
Essential features of mining operations, begin-
ning with the nature and origins of orebodies,
properties of materials, and a study of the ge-
ometry of mining In general. Safety and envi-
ronmental considerations, Including regulations
for gassy mines. Study of force and energy
requirements of basic excavation and frag-
mentation elements. Application of basic Infor-
mation to design and/or evaluation of
Innovative mining concepts. Study of potential
for interplay between mining geometry and
equipment design In development of new
methods. Altemate years.
C. R. Peterson
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BIomedIcal Engineering

(See also 2.277, 2.900J and 2.07)

2.75 Physiology and Blomeohanics of
Human Movement (A)
Prereq.: Permission of instructor
G(1)
3-3-6

Synergistic study of anatomy-physiology and
blomechanics of human movement. Human
sensory, nervous, muscular, and skeletal sys-
tems and their integration as they relate to
posture, gat, and manipulation. Blomechanics
of muscle, bone, and skeletal joints. Human
performance measurement and sports biome-
chanics. Focus on normal human system
leads to pathological conditions and to techno-
logical responses, I.e., amputaton prosthesis,
arthroldal joint deterioration and replacement.
R. W Mann

2.76J Ultrasound: Physics, Biophysics, and
Technology (A)
(Same subject as 6.562J, HST 53W)
Prereq.: Permission of Instructor
0 (1) Not to be offered 1967-46
4-1-7

Physics and technology of generation and de-
tection of ultrasound. Transducers and arrays.
Propagation and fields. Diagnostic, therapeu-
tic, and processing applications In medicine
and Industry. State of the art of Imaging and
Doppler systems. Biophysics, biological ef-
facts, linear and nonlinear phenomena. Haz-
ards and safety levels.
P. P. Leis, F. R. Morgenthaler

2.761J Principles of Medical Imaging (A)
(Same subject as 22.56J, HST 561J)
Prereq.: Permission of Instructor
G (1)
4-0-8

See description under subject 22.56J.
P. P. Lele, G. L. Brownell, A. C. Nelson, Staff

2.762J Laser, Microwaves, UltravIolet,
Magnetic Fields, and Ultrasound In
Biomedioal Solenoes (A)
(Same subject as HST 531J)
Prereq.: Permission of instructor
G (1) Next offeredl 196-66
4-1-7

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. Lel, Staff

2-77 Re"ssroh in lnlogiol 0f0etle and
Aplications of Ultrasound and Other
Non-ioniting fadiations (A)
Prereq.: 2.76J
G(1,2)
Arr.
Opportunity for graduate students and ad-
vanced undergraduates desiring to pursue
substantial theoretical or practical projects of
their own cholce or to conduct cical analysis
of literature in this area. Details arranged on
an Individual basis.
P. P. Leao

2.79 Seminar on Rehabiltadon Engineering
Research and Practice
Prereq.: Permission of Instructor
G (1, 2)
2-0-4
A seminar for graduates and undergraduates
providing a contemporary overview of re-
search, professional roles, and conceptual
framework In appiostion of engineering to re-
habilitation medicine and underlying patho-
physiology. A critical review paper and
presentation related to a seminar topic re-
quired. Lecturers include authorities from the
Boston area, Including MIT and Harvard Medi-
cal School faculty; members of the intema-
tonal research community; students
conducting research and participants in the
seminar series.
M. J. Rosen, R. W Mann

2.781J Blomedical instrumentation
Electronics
(Same subject as HST 57W)
Prereq.: Permission of Instructor
G(S)

See description under subject HST 57W.
D. Rowel, R. V. Kenyon, S. K. Bums

2.791J Quantitative Physiology: Cells and
Tissues
(Same subject as 6.021J, HST 541J)
Prereq.: 2.02 or 6.002 or 6.071; 8.02; 18.03
U (1)
4-2-8
See description under subject 6.021J.
/. V. Yannas, T. F. Weiss

2.792J Quantitative Physiol : Orgn
Transpor Systems
(Same subject as 6.022J, HST 542J)
Prersq.: 2.791J; 2.20 or 6.013
U (1)
3-2-7
See description under subject 8.022J.
B. B. Mfk, R D. Kamm, R. G. Mar

2793J Quaitative Physiology: Sensory
and motor System
(Same subject as 6.023J, 16.351J, HST 543J)
Prereq.: 2.02 or 6.003 or 16.30
U (2)
3-2-7
See description under subject 6.023J.
R. W Mann, L. S. Fdhkopt, L. R. Young

Manufacturing

(611 also 2.110)

2.00 Tribology (A)
Prereq.: Permission of Instructor
G (1)
3-0-9
Geometdc, chemical, and physical characted-
zatlon of sufaces. Vadous theories of fotion
and wear of metals, polymers, and ceramics.
Special emphasis on frettin and erosion,
boundary lubrication and id flm lubrication.
Rolling contact problems. Tribologioal prob-
lems In magnetic recording and electrical oon-
tacts. Monitoring and diagnosis of fdodon and
wear. Case studies.
E. Rabinowioz

2.620 Polymer Proosesing (A)
Prereq.: 10.301 or 2.20
G(2)
3-0-9
Reviews physloochernical, mechanical, and
rheological properties of polymers. Surveys
processing techniques. Modeling, analysis,
and scale-up of extrusions, moldin, hermo-
forming, calendering, and mdxing. C stud-
Ies in process syntheses. Relationship
between selected processing techniques and
properties of end products. Umitations of the
present state of the art. Assigned projects.
G. Gulowsk, D. Roylmnce

2.622 Procesing of Polymerlo
Composites (A)
Prereq.: 2.01, 2.20
G (1)

Scientific and engineering aspects of manu-
facturing with polymeric composite materials.
Effects of processing on mechanical perfor-
mance, interfaces, rheological behavior of pol-
ymers and reactive systems. Modeling of
processing steps including forming, flow and
mold filling, fiber orientation and breakage,
consolidation, cure, solidification, and bonding.
Discussion and models taken from major pro-
cessing technologies. Topics in automation
and new and Innovative processes.
T. G. GuloW

2.m Cont for Manufacturing
Automation (A)
Prereq.: 2.14
G (2)
3-0-9
Provides background for applying computer-
based control system techniques to batch
manufacturing processes. Follows a brief
review of classical control concepts and servo-
systems with an In-depth study of the model-
Ing and control problems associated with
several manufacturingi prm oneesse. These In-
clude metal cutting, metal forming, and weld-
ing processes.
D. E. Hardt
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2.S Robot Design and Control (A)
(RetedContent')
Prereq.: 2.05, 2.151
G (2)
3-0-9
Graduate subject on the analysis, design, and
control of robot manipulators. Geometry, kine-
matos, statics, and dynamics of manipulators.
Sensors and actuators, arm design. Position
and trajectory control, compliant motion con-
trol. Robustness and adaptation In robot
control, modeling performance trade-offs.
J-J. E. Slodne, K. Youcef-Touml

2.045 Nondestructive Evaluation and
Guality Engineering (A)
(Now)
Prereq.: Permission of Instructor
G3(2)
3-3-6
Principles and applicationis of nondestructive
techniques for materials evaluation, with em-
phasis on physics, signal processing, and
Interpretation. Relation to manufacturing qual-
Ity assurance tools, statistical quality control,
In-process sensing, and automation. Life test-
Ing considerations Including reliability, acceler-
ated te'ting, proof testing, and failure analysis.
Laboratory projects.
M. Tee, E Rabinowlcz

2.00 Machine Tools and Manufacturing
Systems (A)
Prreq.: Permission of Instructor
G (1)
3-3-6
Machine tool basic building principles. Compu-
tational methods for machine tool elements.
Machine tool quality. Machine tool automation.
Numerical control and positioning systems.
Adaptive control and Flexible Manufacturing
Systems. Process planning and scheduling re-
lated to machine tools. Future concepts In the
machine tool technology.
G. Chrysolourls

2.86 Manufacturing Processes and
Systems
(Revised Content)
Prereq.: -
U (1, 2) LAB
3-3-3
introduction to modem manufacturing pro-
cesses for metals, polyners, ceramics, and
composite materials. Discussions on manufac-
turing systems, automation technology, design
and manufacturing Integration, computer appli-
cations, and principles and techniques for
quality assurance. Lectures emphasize pro-
cess modeling and analysis, while laboratory
encompasses both hands-on practice and en-
ginering experimentation. Six units may be
applied to the General Institute Laboratory
Requirement.
M-K. Tee

2.00 Biomedical Malerlale
Prereq.: 2.901J or 3.091 or 7.01
U (2)
2-0-4

Science and engineering of materials used In
medical applications: orthopedic Implants, arti-
ficial joints, blood vessel replacements, artifi-
cial organs. Structure and properties of
polymers, ceramics, and metals on Interaction
with the human body. Histological analysis of
connective tissua on materials science and
engineering. Fracture, structure, healing of
normal and abnormal bone. Implantation prob-
lems: Inflammation, thrombogenesis, rejection,
resorption, corrosion.
I. V. Yannas

Polymers and Fibers

2.01J Structure and Properties of
Polymers
(Same subject as 3.061J)
Prereq.: 3.091 or 5.11, 3.00
U (2)
3-0-6

See description under subject 3.061J.
L. V. Yannes, D. R. Uhlmann

2.907 Science and EngIneering of
Biological Membranes and Structural
Tissue (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Covers biophysical design and function of the
cellular membrane and of skin considered as
a membrane. First part: Introduces basic mo-
lecular components of the cellular membrane,
models of membrane structure and experi-
mental models of membrane proteins. Second
part: molecular biology of components of skin
(collagen, elastin, mucopolysacharldes, pro-
tein polysaccharides), Interaction of fibr.5s
components with the protein polysasochaide
matrix, physiological and pathological aspects
of structural tissue, and an analysis of skin as
an engineering composite material.
L. V. Yannes

2.921 Polymer Deformation and
Fracture (A)
Prereq.: 2.30 or 2.31, 2.32
G (2)
3-0-9

Linear and nonlinear viscoelastlolty below and
above T,.Phenomenology of plastic deforma-
tion In crystalline, and glassy polymers, molec-
ular theories for yielding, post yield extensions
for Intermediate and large strains,* develop-
ment of deformation textures, anlsotropic yield
conditions. Fracture in polymers, statistical
damage accumulation. Crazing as a precursor
to fracture, kinetics of nucleation of crazes,
mechanics of craze extension, development
and propagation of cracks. Fatigue In poly-
mers under both static and cyclic loading.
. V. Yannas

2.22 Plber Prooessing Mecharics (A)
Prereq.: 2.01 or 3.11, 2.31, 2.32
G (2) Next ofered 197-8
3-0-9
Analysis of mechanical processes used to
convert natural or synthetic fibers Into useable
forms such as bonded, twisted, woven, knit-
ted, stitched, or tufted materials. Review of
mechanical principles of textile technological
processes used In fiber producing, textile, and
apparel Industries. Focus on mechanics of se-
lected processes such as drafting, twistng,
texturing, weaving, and knitting. Treatment of
materIal-process Interactions In steady state
and during transient operation. Effect of pro-
cess variables on product quality and
performance.
8. Backer

2.24 structural Mechanics of Fiber
Assemblies (A)
Prereq.: 2.01 or 3.11, 2.31, 2.32
G (2) Not to be offered 194748

Interaction between the mechanical properties
of polymero fibers and their statistical vada-
tion, and the geometric configurations of fiber
assembies. Differential geomtric models of
twisted structures and of woven, ntd, and
stitched materals. Consideration of Influence
of textile manufacturing process on local de-
viations from Ideal geometry and their signifi-
cance In product performance. Analysis of
mechanical behavior as In tensile load-
deformation, fabric tearing, abrasion, drape,
pucker, curl, shear, yam slippage, buckling,
bending, and seam failure.
S. Backer
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Special Studies

.4IJ Invention

(Same subject as 13.77J, 18.671J)
Prersq.: Permission of instructor
G(1)
3-0-
Analyzes Invention process. Presents metho-
dology for Invention. Topics: I)observng tech-
nology: 2)analyzing needse 3)Indentifying
critical parameters to trigger potential solu-
tions; 4)creatie synthesis based on key pa-
rainstors. Also patents, licensing, and
marketing. Requires term project. Students
work on Inventing to meet needs of their own
choice as well as those from companies be-
longing to the Innovation Centers industry
progam.
D.a. Jnason, A. D. Carmichael,
W. R. Markey,

2.942 Entrepreneurship
Prereq.: -
G (2)
4-0-5

School-Wide Elective Subject. Description
Iven at end of this chapter on SWE page.

. .Jansson

2.943 Engineering Rilsk-eneflit Analysis (A)
Prereq.: 18.02
G (2)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. W. Drake, A. R. Odoni

2.944 Product Design
Prereq.: Permission of Instructor
G (2)
3-1-5

Project-centered subject addressing transfor-
mation of new Ideas Into technology-based
products, attaining a proper match between
product and marketplace, from the perspective
of both source and customer. Product design
issues: evaluation, market perception, aesthet-
ls and human interfacing, design for manu-
facturability, reliability, and repairability,
pricing, and legal implications.
D. G. Jansson, W. C. Flowers

L9511"ner"i nternship
Prereq.: -
U (1, 2, 8)
0--0
2.962 Advanced Engineering Internship (A)
Prere.: 2.951
G (1,2, 8)
0_-
Provides academic credit for undergraduate
and graduate work assignmente for Mechani-
cal Engineering students participati In th
Engineeding Intnship Program. Undrgradu-
ate participation is approximately six months
over two summers of practical work In manu-
facturing, engineering, research and develop-
ment at an Industrial plant. Graduate
participation by students admitted to the De-
partment's graduate program consists of p-
proximately seven months at Industrial plant.
Credit Is awarded after evaluation and ap-
proval of the actual work performed.
/. Paul

2.96 Management In Engineering
Prereq.: -
U (1)
3-0-9
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
0. P. Hout, H. S. Marcue

2.97 Independent Activities
Proreq.: -
U (J)
Arr.
For undergraduates desiring to carry on Inde-
pendent studies during the (January) period
between terms. Each student will carry on a
program of his or her own choosing, 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 Instructor. Credit
arranged with the coordinator: D. G. Wilson
D. G. Wilson

2.98IJ Project Proseminar In Technology
and Policy I (A)
(Same subject as TPP 11J)
Prereq.: Permission of Instructor
G (1)
4-0-8
2.982J Project Proseminar In Technology
and Policy 11 (A)
(Same subject as TPP 12J)
Prereq.: TPP 11J
G (2)
4-0-8
See description under subjects TPP 11 J and
TPP 12J.
T. B. Sheridan, J. T. Kildow, L. L. Bucclareill

2,m spooal Toples In MechnIloal
ENgieedng
Prereq.: -
U (1, 2, 8)
Arr.
For undergraduates desiring to cany on sub-
standal projects of own choosing In mechani-
cal engineering. Work may be of experimental,
theoretical, or design nature. Projects may be
arranged Indvidually In moat fields i depart-
ment Interest, i.e., in mechainice and materials,
thermal and fluid sciences, systems and de-
sign, and biomedical engineering. Coordinator:
D. G. Wilson

2.996 Advanced Topis In Mechnloial
Engineering (A)
Proeq.: -
G (1, 2, 8)
Arr

Assigned reading and special problems or re-
search in special areas, either theoretical or
experimental, or design. Arranged on Individ-
usi basis with Instructor In the following areas:
Mechanics and Materials, Thermal and Fluid
Sciences, Systems and Design, and Biomedi-
cal Engineering. Coordinator: A. A. Sonin

2.990 Introduction to Technology and Law
Prsreq.: -
U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
J. D. Nyhart

2.999 Engineers Degree Thesis Proposal
Preparation (A)
Prereq.: -

S(1, 2, S)
Arr.

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 hav-
Ing received an S.M. degree.
A. A. Sonin
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Materials Science
and Engineering

3

.UR Undergraduate Research
Prereq.: -
U (1, 2, 8)
Arr.
Extended partolpatIon in,work of a research
group; includes independent study of NIera-
tUre, direct involvement In groups research
commensurate with student Wksd, project
work under an indidual faculty member.
See UROP coordinator for registration
procedures.
C. V. 'hanmpan

3.0 Thermodynamiee of Materials
Prars.: 18.02

4-4
Essential features of firet, second, and third
laws of thermodynamics and their applation
to materlale. Statstical Inlerpretation of en.
topy. Expedimntal techiques und to ne-
sure thermodynaml fonoons. Introduces
phase diagrams, phase rule, and thermody-
namics of solutons. Thermochemistry of ho-
mogeneous and heterogeneous reaotons.
r. W Eager

3.01 Physical Chemistry of Materialse
Prereq.: 3.00 or 5.00 or 2.40 or 10.13
U (2)

Reasotons Involving pure condensed phases
and gaseous phase, behavior of solutions,
free energy-comporition and phase diagrens
of binary and tenary systems, reacton eqi-
Niam in sysems cntaning com ponents in
condeRned soluion. ElroIhemisby, corro.
sion, Gbbe phase rile, chemical Idnetos, ale-
mentary mechanlems, reotion rate constant,
actiaton energy, surface tension
G. J. Yurek

3.0 Crystal Deets and Phase
Tran-ees
Preeq.: 3.01 or 10.14, 3.13
U(1)
3-0
Dilcaton properties and Interactions; plasti
fow; struOLure of interfaces; nucleaton in Hq-
ulds and solids; solid-state transformations, In-
kxing dffusona transorations, massive

transformatons, and martensltes; solidification.
R. M. Rose

3.06 Chemical Metallurgy
Prereq.: 3.1865
U (2)
3-0
Chemical princlples of extractive meluy.
RepresentatIons of heterogeneous qui ilr.
Unit operations and processes. Routigof
sulphides. Gaseous reduction of Iron .
Reduction of Zinc oxide and ferroalloy oxides.
Reducdon of halides. Smelting of Iron ores,
mate smeltng of opp ores. Refining pro-
eesee-as-quid, sol uid and Hquld-quid.

Hydrometanurgy and electrometagy. KI.net-
Is of high-temperature processee. Examise
taken from industrial proesses.
A E. SWr

304 SpeIlal Problems In Materials Scwence
and Engineering

u (1, 2 9)
Arr.
For undergraduates desiring to cany on proj-
sole of their own tooeing which may be ex-
pedmental, theoreical, or of a deslgn nature.
Also for undergraduale studles arranged by
students or staff which may consist oemi-
nars, assigned reading, or laboratory projects.
See Chakman of undergraduate Committee
for registradon rodum.
0. R. Sadowey

3.041 Theels Seminar

U (1, 2)
Arr.
Lectures on basic sMis noosesary for con-
duoting theeis lanning, research, analysis,
and preparation of inal document. Included: 0-
brary resources, how to plan experiments, de-
pa-rn central feligs, seyor,
data analysis, technoal wiing, and for-
mat. Seminar also requires that each student
present an inital oral research proposal and
deliver a leiture reportng on completed
theele. Must be taken both tems to receive 3
units of ore.
S. M. Agen

3.05 Computer Modela of Physical and
EngineerIng ylm
Prereq.: 18.02, 8.01
U (2) 80
3-0
Scol-Wide EleOve Subject Descorpon
given at end of this chapter on SWE page.
& .40 &ha urw

.00 Glass Scene and Engineering
Prereq.: 3.01 or 10.14, 3.13
U (2)
3-0
Glass structure and microstructure and their
relation to proce g and properIes. Attenion
to glass formaton, separaion, viscous
flow and relaxaton, glass meling and foming.
Consideration of appNatons such as: glass-
ceramic materials, fast-ion conductng glasses,
op"cal waveguidee, amorphous semiondu
Or and ftathn s Om, and glass maix

oompoltes.recent developmente
and th present state of the partiular technoi.
oge, includng dicousslon of the relevant pat-
ant literature.
Y-M. Chiang

3.001, Streture and Propertes of

(Same subject as 2.901.1)
Prersq.: 3.001 or 5.11, 3.00
U (2)
344.
Structure and properteN of bulk De-
sign of engineerng materals n
mere. Molecular weight and configurations of
macromolecules, rubber elaslity, deformaton
and fracture, electrical and optal properies,
poye-based composite maeria. Reion-
ship between processing and morphology.
Amorphous and semlystafine polymer
treated.
0. A Lfnan, . V. Vannes

3M Polymer Chemitry
Prereq.: 3.001 or 5.11
U (1)
3-0
Preparation of polmo maerials and their
haedgon. Topios: ftndamenta of

ohain and step growth polymersaion, chemis-
try of organic radicals and Ions, synthesis-
struoure-property rela Znship and use of
modem techniques for deermiinaion of poly-
mer compositon, molecular weight, and
mdcrostruAure.
G. E. Wmhk



Materials Soigrice end Engineering 200
,04 Polymer EngineerIng

Prereq.: 3.11, 3.165
U (2)
3.0-6
Cuantitative models for engineering analysis
and design as applied to polymers. Includes
inear and nonlinear viecoelasity, yoild
models, homogeneous and flaw models for
fracture and fatigue, rheologloal properties of
polymer fluids, goveming equations for ther-
momechanical fluid processing, and models
for industrially important processing methods.
0. K. Roylmnce

3006 Polymer Laboratory
Prerq.: 3.061, 3.11
U (2)
1-6-
Synthesis of typical plastics. Methods of pro-
ceesing. Techniques of polymer characteriza-
tion: IR, DSC, viscosity, density, dynamic
mechanical analysis, light scattering, micros-
copy, pholoelastilty. Also modulus, strength,
Impact, creep, time-temperature superposition,
environmental stress cracidng.
0. K. Roylmnce, G. E. Wnek

3.0 Ceramios Prooessing
Prereq.: 3.07, 3.185
U (2)

Principles for processing technical ceramics
based on an understanding of and application
of fundamental principles for rullable and re-
producible manufacturing. Case studies: ferrite
magnets, alumina chip carriers, oxide varis-
tore, and heat engine components. Topics:
powder formation and conditioning, powder
pecking, densification and microstruoturs de-
velopment, melt and vapor processing. De-
sriptlon of Industrial manufacturing processes
and how these relate to the fundamental
ococepts.
H. K Bow

3.07 itroduction to Ceramics
Proersq.: 3.01 or 10.14, 3.13
U (1) D
3-0-6
Characteristics of the crystal structures, In-
cluding crystal defects, of oxide materials and
local atomic arrangements In silicate glasses
docused with regard to relative stabi of al-
1tilee P arrangements and influence
of structure on properties. Applies phase equl-
Ibda, interface properties, atomic mobility, and
phase transformations to development of
structure discussed together with relationship
of structure to certai physical properties: Indi-
vidual study of a partioular ceramic, ceramic
property, or ceramic process selected by the
student required.
W . gery

SA0J Mletled for Nuclear Applications
(Same as 22.07W)
Prereq.: or 3.14 or 3.071J
U (2)
3-0-

Seescriptiunder subject 22.070J.
A G. Bawe

3.071J Physloal Metallurgy Prinolplee for
Engine
(Same subject as 22.071J)
Prereq.: 3.061
U (1)
3-0-9

See description under subject 22.071J.
A. Mortensen

3.074 Glass, Ceraml, and Metal Porming
Prereq.: 3.091
U (2)
1-4-1
Plastic shaping of clays, blowing of glass,
casting and brazing of metals In the laboratory
to provide direct hands-on experience with
materials behavior and forming methods. The
prnciples Involved In shaping materials and
their historical development are explained and
discussed.
W 0. KIngery

3.075 Ceramics and Glass Laboratory
Prereq.: 3.081
U (1)
2-7-3

Laboratory Investigates ceramic and glass
processing by means of a series of laboratory
experiments plus an extensive project. Labo-
ratory experiments cover a range of powder
and glass processing together with physical
property measurements. Laboratory project Is
undertaken with faculty supervision. Limited
enrollment. Permission of Instructor required.
Y-M. Chlang

3.081 Mterials iLaboratory
Pr-req.: Permission of Instructor
U (1, 2) LAS
24-7

Introduces study of materials by light, X-rays,
and electrons. Examines microstructures and
inverates relationship of structure to mode
of fabrication. Applies classical techniques of
light microscopy and X-ray diffraction and the
modem analytical tools of transmission and
scanning electron microscopy. Limited
enrollment.
L. W Hobbs

3.063 Metals Processing Laboratory
Prereq.: 3.01, 3.081, 3.13
U (2)
141-5
Introduces relationship between processing-
structure-properties and performance of
matedals. Each student participates in three
laboratory experiments drawn from metals
processing. Includes Instructon In safety,
technical writing, oral presentation, and exped-
mental design.
R. G. Banger, K. C. Russell

8.064 ElectronIc Materials Pfoeet
Laborory"
(Revise Unit)
Prereq.: 3.147J
U (1)
1-6-2
Student use of facilities of Microelectronics
Laboratory for individual or team projects.
Projects Illustrate processing-structure-
properties relationships in electronic materials.
Students participate In choie and design of
projects which Include fabrication and charao-
terization phases.
C. V. 7hompson

3.091 Introduction to Solid-State Chemistry
Prereq.: -
U (1, 2) SD
5-0-7

Development of relationships between elec-
tronic structure of elements, bonding charac-
tedstios, and crystal structure. Characterization
of atomic and molecular arrangements In crys-
talline solids. Mechanisms and energy
changesrI chemical reactdon and phase
transfmations. Chemical and physical prop-
orties of solids - metals, semiconductors, In-
sulators, glasses, and polymers - as they
relate to basic atomic parameters and pro-
cessing technology.
J. S. Vander Sande, A. F. Wtt

3.094 Materials Technology
prereq.: -
U (2)
3-0-9

Mechanical behavior, phase diagrams, micro-
structures and phase transformations In stsels,
aluminum alloys, andItanium alloys used in
aerospace, automotive and ocean vehicles. In-
fluence of microstructure and environment on
fatigue and fracture behavior. Concepts and
applications of fracture mechanics. Overview
of polymers, composites, and ceramics used
In vehicles.
B. L. Avstbach

3.09J Introduction to Mining and Mineral
Technology
(Same subject as 1.384J, 12.043)
Proreq.: -
U (1)
3-0-
A basic Introduction to mining and the min-
erals Industry with emphasis on stats-ofthe-
art technology. Includes mineral exploration,
surface and underground mining, extreclve
metallurgy, health and safety, and environ-
mental considerations. Integration of diverse
subject matter stressed. Guest lectures by a
variety of faculty tembers, classroom diecus-
slons besed on assigned reading.
J. P. $ft, R . ums, H. H. Onein,
C. R. Peterson
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3.10 Chewmiee Physlos of Materials
Prereq.: 3.01 or 10.14, 3.13,18.03
U (1) SD
4--

Introduction to quantum phyaica of electronic
structure and chemical bonding of atoms, mol-
ecules, and solids. Emphasis on those con-
cepts which are basic to an understanding of
the chemical and physical properties of ma-
todals. Topics: wave mechanics and Schroe-
dinger's equation; atomic and molecular
orbital*; the nature of the chemical bond; elec-
tronic structure of semiconductors and Insula-
tors; electronic structure of metals and alloys.
G. Kalon V

3.11 Mechanics of Materials
Prereq.: 8.01, 18.02
U (1) SD
4-8
Aspects of solid mechanics necessary for un-
derstanding the response of polymers, metals,
and ceramics to applied loads; static equilib-
rium, states of stress and strain, material
stress-strain-temperature relations, response
to torsion and bending, stability. Subject in-
cludes an introduction to computational me-
chanics, Including FORTRAN student projects.
D. K. Roylance

3.13 Structure of Solids
Prereq.: 8.02
U (2)
4-0-8
Uses symmetry theory In the description of the
atomic arrangement In crystals. Derivation of
space lattices, point groups, crystal systems,
and plane groups. Principles of space group
derivation and equivalent positions and their
use In specifying structure. Interprets struc-
tures In terms of packing and coordination poly-
hedra. The nature of Imperfections In real
materials: point defects and the structure of
line and planar defects.
B. J. Wuench

3.14 Physical Metallurgy
Prereq.: 3.02
U (2)
3-0-6
Relationship between structure and properties
of engineering alloys presented and discussed
in detail. Alloy systems covered Include steels,
stainless steels, aluminum and titanium alloys,
and superalloys. Processing history, micro-
structure, and properties of each alloy system
Illustrated by case studies. Fracture analysis
of alloys widely used In engineering applica-
tions emphasized.
N. J. Grant, R. M. N. Pelloux

3.143J Materls of Construction
(Same subject as 1.59J)
Prereq.: 8.01
U (2) SD
3-0-9
See description under subject 1.59J.
F. J. McGarry, F. Mosvenzadeh

3.146 lectronlc Malterisl
Prereq.: 3.10
U (1)
3-0-6

Various aspects of slconductors such as
crystal growth, impurity segregation, crystal
structure, and electronic properties relevant to
device applications. Emphasizes relationships
among structure, bonding, and properties in
elemental and compound semiconductors.
H. L. Tuller

3.147J Microelectronics Processing
Technology
(Revised Content and Unit)
(Same subject as 6.701J, 10.611J)
Prereq.: 3.185
U (1, 2)
3-4-5
Introduces theory and technology of Inte-
grated-circuit fabrication. Lectures and labora-
tory sessions on basic processing techniques
such as diffusion, oxidation, epitaxy, photolith-
ography, chemical vapor deposition, and
plasma etching. Emphasis on Interrelation-
shlis between material properties, device
structure and electrical behavior of devices.
Provides background for thesis work In elec-
tronic materials and 3.084.
D. A. Rudman, C. V. Thompson,
D. J. Edell, R. T. Howe, 4. H. Sawin,
C. G. Sodini

3.15 Electrical, Optical, and Magnetic
Materials and Devices
Prereq.: 3.10
U (2)
3-0-6

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 re-
flection, luminescence, magnetism related to
microstructure, impurities, and degree of disor-
der. Manipulation of properties for Incorpora-
tion into devices.
H. L. Tuller

3.17 History and Anthropology of Materials
Technology
Prereq.: -
U (1) Not to be offered 1987-8
3-0-6

Evaluates development of several major ma-
terials technologies and their Impact on preln-
dustrial socleties. Considers criteria societies
use when selecting and processing materials
and why people engineer certain properties of
materials to exclusion of others. Explores Ide-
ological and aesthetic crterla and social val-
ues so often overwhelmingly influential in
materials development. Meets with 3.79. Re-
3earch term project required for graduate
credit.
H. N. Lechtman

3.171 Ceramic Artifact lnterpretion
Prereq.: -
U (2) Next offered 198748
1-3-5

Ceramic artifact examination and Interpretation
form the basis for failure analysis, product de-
velopment, and many inferences In archaeol-
ogy, art history, and the history of technology,
In combination with laboratory Investigations of
actual artifact samples, seminar discussions
focus on the nature of the Induction process
applied to artifact data. In particular, the use of
statistical hypotheses and the nature of plausi-
ble reasoning examined as applied to ma-
terials technology. Limited enrollment.
Permission of Instructor required.
W 0. Klngety

3.172 inventions and Patents

Prereq.: 14.02
U (1)
3-0-8
School-Wide Elective Subject. Descdption
given at end of this chapter on SWE page.
R. H. Rinse

3.166 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
transfer, and mass transfer coefficient. Illus-
trative examples given throughout, chosen
from the materials processing field.
J. Szekely

3.20 Thermodynamics of Materials (A)
Prereq.: 3.01
G 't

Offen -. lvanced treatment of thermodynamic
propertlis of Inorganic materials including in-
troductcry 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.
G. Kalonji

3.21 Kinetic Processes in Materials (A)
Prereq.: 3.185
G (2)
4-0-8

Presents unified treatment of kinetics from
phenomenological and atomistic viewpoints.
Covers diffusion In metals and non-moels,
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

6 ---
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3.2J Physics of Inletie Delornation of
Solids (A)
(Same subject as 2.302J)
Prersq.: 2.31, 2.32 or 2.30 or 2.301
0 (2) Next ofered 19748
3-0-9
See description under subject 2.302J.
A S. Argon

3.26J Micro Mochnlsms of Fracture (A)
(New)
(Same subject as 2.303J)
Prrq.: 2.31, 2.32 or 2.30 or 2.301
G(2) Next offered 198748
3-0-9

See description under subject 2.303J.
A. S. Argon

3.27 DIffraction and Structure (A)
Prereq.: 8.03, 18.03
G (2) Not to be offered 198748
4-8

X-ray and neutron production, absorption, and
scattering. Overview of symmetry theory, point
groups, and space groups. Interprets diffrac-
tion effects through the Ewald construction, re-
ciprocal lattice, and Fourier transforms.
Instrumentation and the Interpretation of dif-
fraction patterns produced by the Laue, De-
bye-Scherrer, Welsenberg, and procession
techniques. Diffractometer geometries. Applies
diffraction to determination of particle size,
pole figures, texture, and crystal structure.
B. J. Wuenech

3.271 Structure of Materials (A)
Prereq.: 18.03, 3.10
G (1)
4-0-8
Quantitative description of atomic arrange-
ments In selected metals, oxides, and silicates
Important In materials science. Interprets
structures In terms of coordination polyhedra
and pacing. Relationships between struc-
tures: polymorphism, polytypism, and dedva-
tive structures. Describes diffraction using
Fourier transforms and series. Determines
structure through diffraction effects: the phase
problem, Patterson function, and direct meth-
ods for phase determination.
B. J. Wuensch

3.29 Special Problems in Materials
Sclence (A)
Prereq.: -
G (1, 2, S)
Arr.
Advanced work in the field for qualified stu-
dents. Course work involves lectures, confer-
ences, assigned readings, or supervised
laboratory work.
L. W. Hobbs

3.0 Electron Mioroeoopy: Image
Interpretation (A)
Prereq.: 3.081, 3.12, 3.13
G (2)
3-2-7
Derives relationship between detail In trans.
mission electron microscopy Images and Inter-
nal 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.
Kinemaical 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 (A)
Prereq.: 3.20, 3.21
G (1)
3-0-9
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 mecha-
nisms In systems with multicdtical points. Eu-
tectoldal transformations and cellular
precipitation. Crystallographic theory and
mechanisms of martensitic transformations.
S. M. Allen

3.32 Introduction to Electron Optical
Instruments (A)
Prereq.: 3.13, 3.14
G (1)
2-4-6
Treats Interaction of electrons with materials In
detall. Describes modem scientific tools em-
ploying results of these Interactions to obtain
Information about structure and chemistry of
materials on a microscale. Techniques: elec-
tron microanalysis, Auger spectrometry, scan-
ning and transmission electron microscopy,
low-energy electron diffraction, and field Ion
microscopy.
J. 8. Vander Sande

3.33 Defoots In Crystals (A)
Prereq.: 3.02, 3.12
G (2)
3-0-9
Unified treatment of point, line, and planar de-
facts in crystals. Point defects include vacan-
cles, self-Interstitials, and solute atoms. Une
defects Include dislocations. Planar defects In-
clude stacidng faults, small and large ang':.
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 ninning, dislocation climb and grain
boundaries As point defect sources/sinks.
R. W Balluffi

3M Theory of Dislocatione (A)
(New)
Prereq.: -
G(1)
3-0-9

Basic treatment of the structure and properties
of dislocations In crystals. Particularly useful
for students Interested In applying dislocation
concepts to the mechanical properties of me-
torals. Extensive usage of elasticity theory. In-
cludes: Dislocadon topology; tresses and
energies of straight and curved dislocatons;
Interactions between dislocations; dislocation
dynamics; effects of crystal structure on dislo-
cations; Interactions between dislocations and
point defects; groups of dislocations.
R. W Bauffl

3.35 SolIdIfoation Processing (A)
Prereq.; 3.02
G (2)
2-0-4

Principles of control of structure, properties,
and shape in processes Involving liquid-solid
and vapor-solid transformations. Heat flow,
solute redistribution, nucleation, growth idnet-
ic. Resultant structures and properties. Ex-
amples drawn from commercial processes,
including metal casting, zone refining, electro-
deposition, and crystal growth from the melt,
vapor, and solution.
M. C. Flemings

3.36J Welding Engineering (A)
(Same subject as 13.17J)
Prereq.: 3.02 or 3.141
G (1)
3-0-8

See description under subject 13.17J.
K. Masubuchl

3.37 Welding and Joining Processes (A)
Prereq.: 3.185
G (2)
2-0-4

Discusses a wide variety of processes and
materials from the viewpoint of their funda-
mental physical and chemical properties. Spe-
cific topics: cold welding, diffusion bonding,
soldering, brazing, flames, arcs, high-energy
density heat sources, solidification, cracing
resistance, shielding methods, and electric
contacts. Emphasis on underlying science of a
given process rather than a detailed descrip-
tion of the technique or equipment.
T. W. EOgar

3.38 Behavior of Metale at Elevated
Temperatures (A)
Prereq.: 3.14 or 3.141
G (1)

Studies mechanical behavior of pure metals
and alloys above the minimum recrystallization
temperature. Mechanisms of deformation and
fracture at elevated temperatures. Creep theo-
ries. Applications of stress rupture and thermal
fatigue testing. Strengthening principles of su-
peralloys and refractory metals.
N. J. Grant
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3.3MJ Meohanical Behavior of Materials (A)
(Same subect as 22.74J)
Prereq.: 2.30, 3.11 or 22.71J
G(1)
3-0-9
Reviews elasticity theory. Elements of plas-
ticity theory. Strengthening mechanisms In
metals. Mechanical behavior of polymers. Ap-
plicatlon of principles of linear elastic fracture
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.
R. M. N. Pelloux, R. 0. Ballinger

3.40 Physical Metallurgy (A)

Prereq.: 3.02, 3.11
G(1)
3-0-9

Discusses structure-property relationships in
metallic alloys selected to Illustrate some basic
concepts of physical metallurgy and alloy de-
sign. Considers mostly mechanical properties.
Also considers structural features: structural
stability, grain size, Interstitial and substitu-
tional solutes, precipitates, second-phase par-
tdes, eutectics and outectolds, and
composites.
K. C. Russell

3.41J The Mechanics of Fracture
(Same subject as 2.34J)
Prereq.: 2.31, 22
G (2)
3-0-9
See description under subject 2.34J.
R. M. N Pelloux, D. M. Parks

3.43 Physics and Chemistry
of Materials (A)

Preq: 8.03,18.03
G (1)

Introduces physics and chemistry of materials,
based on unified treatment of quantum phys-
ics, chemistry, and statistics of electrons, at-
oms, molecules, and solids. Includes: review
of classical mechanics and electromagnetic
theory; basic concepts and formalism of quan-
tum mechanics; free electron, molecular-
orbital, and band theories; quantum statistics
'of electrons; defect and interface states; lattice
heat capacities; Boltzmann theory of electrical
and thermal transport; Ising model of order-
disorder transformations; electronic phase
transitions.
K. H. Johnson

3.44 Advanced Topios on the Physics and
Chemistry of Materials (A)
Prereq.: 3.43
G (2)
4-0-8

Covers advanced topics on the physics and
chemistry of materials not covered In the core
subject 3.43. Includes: molecular and crystal
symmetry group theory; ligand field theory;
computer applications of quantum chemistry to
the electronic structures of materials; elec-
tronic structures of crystalline and noncrystal-

line materials, surface physics, chemlsorption
and catalysis; structural and electronic phase
transitions, including superconductivity, lattice
Instabilities (martensitic transformation), and
melting.
K. H. Johnson

3.45 Magnetic Materials (A)
Prereq.: 3.43
G (1)
3-0-9

Magnetization phenomena, origin of magne-
tism in a material, magnetic domains and do-
main walls, magnetic anisotropy, reversible
and Irreversible magnetization processes.
Special topics: ferromagnetism of thin films
and fine particles, magnetic recording, mag-
netic circuits, amorphous magnetic materials.
B. L. Averbach

3.46 Electronic Materials (A)

Prereq.: 3.15 or 6.012, 6.301
G (2)
2-0-6

Properties and reactions of materials systems
which are used In semiconductor device tech-
nology. A fundamental and practical approach
to structure, Imperfections, defect equilibrium,
and processing developed. The source of the
electrical, optical, and magnetic properties of
both homogeneous and heterogeneous struc-
tures derived. A macro- and microscopic ap-
proach to the phenomena of reactivity,
metastability, and diffusion included.
L. C. Klmerfing

3.47 Electronic Materials Processing (A)

Prereq.: 3.20, 3.21, 3.15
G (2)
3-0-9

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-
cult fabrication including oxidation, junction
formation, and metallization. Emphasis on re-
lationships among processing, structure, and
properties. Examples taken from materials
processing for applications in VLSI, optoelec-
tronics, and multi-layer Integration.
C. V. Thompson

3.49 Special Problems In Electronic
Materials (A)

Prereq.: -
G (1, 2, S)
Arr.'
Advanced work In the field for qualified stu-
dents. Course work Involves lectures, confer-
ences, assigned readings, or supervised
laboratory work.
H. C. Gatos

3.50 Physical Chemistry of Metallurgical
Processes (A)
Prereq.: 3.20
G (2)
3-0-6

Studies physiocochemical nature of pyrometal-
lurgical processes and systems. Nature and
behavior of principal phases of Interest: liquid
metals, slags, fused salts, mattes, gas, and
refractory materials. Nature of heterogeneous
reactions among constituents of these phases.
Application of physloochemical principles to
analysis of behavior of pyrometallurgical
processes.
J. F. EllioWt

3.501 Physical Chemistry In
Pyrometallurgical Processes (A)
Prereq.: 3.20
G (1) Next offered 1987-4
3-0-6

Studies current state of understanding of the
thermodynamic and kinetic behavior of reac-
tions, components, and phases In pyrometal-
lurgical systems. Advanced treatment of the
reactions among components In metals,
gases, slags, and mattes. Emphasizes current
literature on the oubject.
J. F. Elt

3.53 Electrochmlcal Processing of
Materials (A)

Prereq.: 3.185
(1) Next offered 1967-66

3-0-6

Principles of electrochemistry: thermody-
namics and kinetics of electrode processes,
thermodynamic and transport properties of
aqueous and non-aqueous electrolytes. Elec-
trolytic processing: electrowinning, electrorefin-
Ing, electroplating, electrosynthesis,
electroslag rometing.
D. R. Seoway

3.54 Corrosion - The Environmental
Degradation of Materials (A)
Prereq.: 3.00

3-0-6

Applies thermodynamics and kinetics of elec-
trode reactions to aqueous corrosion of metals
and alloys. Forms of corrosion and corrosion
testing. Methods of corrosion control including
alloy selection, water chemistry, design rules.
anodic and cathodic protection, and coatings.
Extension to environmental degradation of ce-
ramics and polymers. Discusses materials
degradation problems In marine environments,
oil and gas production, energy conversion and
generation systems.
R. M. Latanislon
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3.41 OxWmon and Corrosion of Maarlais
at steveld Temperatures (A)
Prereq.: 3.20, 3.21
0 (1) Not to be ofered 1967-4
3-06

Application of fundamental principles of ther-
modynamics and idnetics to determination of
the mechanisms of the oxidation a'nd corrosion
of materials at elevated temperatures. Rela-
tionship of oxidation theory to design of alloys
and of coating materials for protection against
oxidation. Discussions of high-temperature ox-
idation and corrosion problems that occur In
systems for the conversion and utilization of
energy, and in petrochemical and metallurgical
Industries.
0. J. Yursk

3.6 Macroscopic Transport In Materials
Procing (A)
Prereq.: 18.03
0G(2)
3-0-9

Elements of laminar and turbulent flow, heat
transfer by conduction, convection, and radia-
tion, mass transfer in laminar and In turbulent
flow. Modeling of transport phenomena in in-
dustrial systems, Including steelmaldng, con-
tinuous casting, and vacuum degossing.
J. Stekely

3.51J Gas4olid Reactions (A)
(Same subject as 10.48J)
Prereq.: 3.55, 10.50
G (2) Next offered 196748
3-0-6

Gas-solid reactions, Involving single particles;
chemical idnetics, heat and mass transfer,
pore diffusion, and structural changes. Reac-
tion of porous and non-porous particles, reac-
tions between solids, proceeding through
gaseous intermediates. Reviews experimental
techniques for study of gas-soid reactions, in-
cluding physical characterization of solid spec-
imens. Mult-particle systems, such as packed
beds, fluidized beds, and rotary kilns. Gas-
solid reactions of industrial importance.
J. 81W-

3652 Mathematical and Physical Modeling
of Materiels Prooessing Operations (A)
Prereq : 3.55
0 (1) Not to be offered 196748
2-0-7

Principles of mathematical and physical mod-
eling of primary metals processing, welding,
rapid solidification, and the processing of elec-
tronic materials. The transport equations as
buiding blocks of mathematical models. Simi-
aritly criteda in buiklng of physical models.
Synthesis of an opimal modehng approach,
Involving mathematical models, physical
models, and pilot plants.
J. Sekely

3.866 Maerials Selection and Design (A)

Prsreq.: 3.56
G (2) Next offered 197461
3-0-6

Synthesis of materials selection, design and
manufacturing from the viewpoint of the mate-
rais engineer. Includes: relationships between
material properties and performance, Including
design for strength, stiffness, failure mode,
toughness, creep, fatigue, surface durability;
databases of materials properties and their
use; cost and performance criteria; Interaction
between selection and processing. Ca stud-
les used to Illustrate integration of topics.
Alternate years.
J. P. Clark

3.56 Engineering Systems Analysis (A)
Prereq.: Permission of Instructor
G (1)
3-0-6

School-Wide Elective Subject. Description
given at and of this chapter on SWE page.
R. de NeutWle, J. P. Clark

3.561 Materials Systems Analysis (A)
Prereq.: 3.56
G (2) Not to be oflered 1997-68
2-0-4

introduction to quantitative methods for analy-
sal of technical and economic factors associ-
ated with the processing and use of materials.
Includes techniques of microeconomic analy-
als, mathematical optimization, decision analy-
Wla, and simulation modeling. Application of
these techniques to study production problems
associated with metals, polymers, ceramics,
and composite materials, and competition
among materials in selected applications.
Alternate years.
J. P. Clar*

3.565J Manufacturing/Technology
Interface (A)

(Same subject as 13.85J. 15.365J)
Prereq.: Permission of Instructor
G (1)
3-0-6

See description under subject 15.365J.
J. M. Ufferback

3.566 EntrepreneurshIp
Prereq.: -
G (2)
4-0-5

School-Wide Elective Subject. Deacripdon
given at end of this chapter on SWE page.
D. G. Jansson

3.7 Particulate Technology (A)
Prereq.: 3.21
0 (2) Next ofered 1987-66
3-0

Methods of particle size analysis are pre-
sented in detail to set the stage for a discus-
sion of the following ceramic and metallurgical
processes In particulate technology: commlnu-
tion classification, sedimentation, crystalliza-
tion, agglomeration, and powdered metal
generation. Analysis of these topics provides
familiarity with population balance theory of
particulate processes.
T. A. Ring

3.676J Law, Technology, end Public Policy

(Same subject as TPP 32J)
Prereq.: Permission of Instructor
0 (2)

See description under subject TPP 32J.
N. A. Ashford

3.77 Engineering Risk-Benefit Analysis (A)

Prereq.: 18.02
G0(2)
3-"

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

3.66 Seminar on Problems In Materials
Policy and Economics

Prereq.: -
G (2)
2--

Discussion of resource base and production
capacity as determinants of materials supply,
costs of production, nature of materals de-
mand, materials markets, prics of materials,
production cartels and price stabilization, ma-
terials substitution, conservation and recycling,
and govemmental policies concerning supply
sufficiency. Materials of mineral and organic
origin considered. Attention given to the rela-
tion of materials to the environment, energy
consumption, Innovation, and productivity.
Open to qualified undergraduates.
M. B. Bever

3.59 Reearoh Proposals - Planning for
Discovery (A)
Prereq.: -
G (2) Next offered 1967-6
2-0-4

Analyzes Individual research proposals aimed
at new discoveries in relationship to concepts
such as market for discovery, Importance of
paradigms, importance of anomalies, Influence
of communities, distinction between discovery
and proof of discovery, and nature of plausible
reasoning. Requires preparation of research
proposals and Includes individual counseling
and evaluation by a facuity member other than
advisor or thesis supervisor. Umited enroll-
ment. Permission of instructor required.
W. D. Kingery
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3.80 Special Problems In Materials
Engineering (A)
Prereq.: -
G (1, 2, S)
Arr.
Advanced work In the field for qualified stu-
dents. Course work Involves lectures, confer-
ences, assigned readings, or supervised
laboratory work.
J. P. Clark

3.60 Thermal and Tensor Properties of
Ceramics (A)
Prereq.: 3.08 or 3.07
0 (2) Next offere 106748
3-0-
Analyzes tensor representation of properties of
crystalline ceramics. Includes anisotropy, rep-
resentation surfaces and effects of crystal
symmetry, as well as application to plezoelec-
trio and elastic properties and propagation of
elastic waves In crystals. Discusses thermal
properties: heat capacity, thermal expansion,
and thermal conductivity, emphasizing ma-
tedals and influences of microstructure.
B. J. Wuensch

3.601 Electrical, Optical, and Magnetic
Properties of Ceramics (A)
Prereq.: 3.07
0(1) Next offe 1987-88
3-0-6

Analyzes electrical, optical, and magnetic
properties of ceramics In terms of band theory,
transport theory, and defect chemistry. Exam-
Ines effects of materials processing, composI-
tion and microstructure on properties.
Discusses applications of theory towards new
materials development.
H. L. Tuller

3.602 Mechanical Properties of
Ceramics (A)
Prereq.: -
G (2) Next offered 1987-4
3-0-6

Discusses use of ceramics as structural ma-
tedals Including both fracture and deformation
as related to engineering applications.
R. L. Coble

3.604 Problems In Nonstoichiometry (A)

Prereq.: 3.601
G (1) Not to be offered 1967411
2-0-4

Derives thermodynamics of nonstoichlometric
phases and analyzes inherent limitations of
this approach. Extends theory to highly defec-
tive systems. Applies defect chemical analysis
to binary and higher order systems. Analyzes
cluster models and extended defects In highly
nonstoichiometric systems. Examines implica-
tions of defect structure on structural, kinetic,
electrical, and other properties of such
materials.
H. L. Tuller

3.61 Gloss Structure and Properties (A)
Prereq.: 3.06 or 3.07
0 (1) Not to be ofered 106746
3-0-

Considers topics of Interest in the science and
technology of amorphous solids, Including
glass formation, crystallization of glass-forming
liquids, flow and relaxation phenomena, struc-
ture of glasses, phase separation In glasses,
mechanical, electrical, and thermal properties
of glasses. Emphasizes Information from re-
cant publications. Alternate years.
D. R. Uhlmann

3.611 Polyphase Ceramics (A)
Prereq.: 3.06, 3.07
G (2) Not to be offered 198748
3-0-9

Applies phase transformation kinetics and
multI-component phase equilibria to structure
and properties of polyphase ceramics such as
glass-ceramic compositions, triaxial porcelains,
glazes, clay products, and refractores.
W 0. Klngery, D. R. Uhlmann

3.63 Ceramio Processes (A)
Prereq.: 3.06 or 3.08, 3.20
0 (1)
3-0-6

Presents quantitative treatment of unit opera-
tons In powder processIng-powder prepara-
tion, fabrication, and firing. Discusses glass
processing-homogenization during melting: re-
lationship to mixing theory-glass forming. Also
covers growth of crystals, thermodynamics,
transport processes, and kinetics In relation to
structures developed.
R. L. Coble

3.64 Special Problems In Ceramics (A)
Prereq.: -
G (1, 2, S)
Arr.
Explores advanced work in this field. Course-
work Includes lectures, conferences, assigned
readings, and laboratory work.
W 0. Klngery

3.691-3.0 Teaching Materials Solence and
Engineering
Proreq.: -

r (1, 2)
Arr.

Laboratory, tutorial, or classroom teaching un-
der the supervision of a faculty member. Stu-
dents selected by Interview. (Enrollment
limited by avaIlability of suitable teaching
assignments.)
). R. Sadoway

3.70 Special Problems In Metallurgy (A)
Prereq.: -
G (1, 2, S)
Arr.

Minor Investigation in one of the special
branches of metallurgy. (Open only to stu-
dents properly qualified In the special field.)
R. M. Latanison

3.71J Physical Metallurgy Principles for
Engineers (A)
(Same subject as 22.71J)
Prsreq.: Permission of Instructor
G(1)
3-0-9

See description under subject 22.71J.
A. Morensen

3.7111 Materials for Nuclear
AppiloatIons (A)

(Same subject as 22.70J)
Prereq.: 3.14 or 3.71J
G (2)
3-0-9
See description under subject 22.70J.
R. G. Ballinger

3.72J Nuclear Fuels (A)

(Same subject as 22.72J)
Prereq.: 3.14 or 22.71J
0 (1) Not to be offered 1987-88
3-0-9

See description under subject 22.72J.
R. G. Ballinger

3.73J Radiation Effects In Crystalline
Solids (A)
(3.721J)
(Same subject as 22-73J)
Prereq.: 3.02 or 3.71J or 22.071J or 22.71J,
3.39J
G (2)
3-0-9

See description under subject 22.73J.
K. C. Russell

3.77 Laboratory Measurement and Control

Prereq.: -
G (1) Not to be offered 1907-4
2-1-3

Discusses laboratory techniques. Instrument
characteristics. Basic electrical circuits. Trans-
ducers for force, stress, pressure, displace-
ment, flow, and temperature input. Vacuum
techniques. Special methods such as radio
tracers, ultrasonic, laser. Control and record-
ing systems. Analysis of experimental data.
J. T. Blucher

3.79 History and Anthropology of Materials
Technology (A)

Prereq.: Permission of Instructor
G (1) Not to be offered 1987-4
3-0-

See description under subject 3.17.
H. N. Lechman

3.82J Structural Mechanics In Nuclear
Power Technology (A)
(Same subject as 1.56J, 2.084J, 13.14J,
16.261J, 22.314J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 22.314J.
M. S. Kazim, 0. Buyukozturk
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3.9OJ Practure of Structural Materials (A) 3,93 Materials Science of Polymers (A)

(Same subject as 1.591J, 13.16J)
Prsreq.: 1.59J or 2.30 or 13.15J
G (1)
3-0-

Analyzes criteria for crack initiation and propa-
gation leading to structural failure. Studies
fracture mechanics starting with Grifith theory
for Ideally brittle materials and through plane
strain fracture toughness phenomena. Effects
of geometry, rate, environment, fatigue, tem-
perature, composition, and microstructure.
Fracture behavior of welded metals, heat
affected zone. Relation to dislocation meuhan-
ice. Significance of fracture surface morphol-
ogy. Metals, polymers, fiber reinforced
composites. Emphasizes current research In
field.
F. J. McGarry, K. Masubuchi

3.91J Mechanical Behavior of Plastics (A)

(Same subject as 1.593J)
Prereq.: 3.064
G (1)
3-2-4

Relation among chemical composition, phys-
leal structure, and mechanical behavior of
plastics or synthetic high polymers. Study of
types of polymers; fundamentals of viscoelas-
tic phenomena such as creep, stress relaxa-
tion, stress rupture, mechanical damping,
Impact; effects of chemical composition and
structure on viscoelastic and strength proper-
ties; methods of mechanical property evalua-
tion. Influences of plastics fabrication methods.
Emphasis on recent research techniques and
results. Individual laboratory projects Investi-
gating problems related to current research.
F. J. McGany

3.92J Composite Materials (A)

(Same subject as 1.594J)
Prereq.: 3.064
G (2)
3-2-4

Concepts underlying formation, characteristics,
and behavior of plastics-based composites
such as fiberglass laminates, structural sand-
wiches, plywood, and load-bearing adhesive
joints. Typical components such as metals,
glass, synthetic and natural adhesives, plas-
tics, foams, wood, paper, fabrics, and rubber.
Correlation between adhesion principles and
physical behavior. Methods of design, analy-
sis, fabrication, and testing. Discusses failure
mechanisms of chemical and mechanical
types. Individual laboratory projects investigat-
ing problems related to current research.
F. J. McGany

Prereq.: 3.061J, 10.891
0 (1) Next ofered 19874
3-0-9

Considers structure and properties of poly-
mers from viewpoint of materials science.
Specific attention to polymerization processes,
met and crystal structures, crystallization from
the meit and dilute solutions, rheology and re-
laxation behavior, rubber elasticity, mechanical
properties, and effects of orientation and fillers
on various properties. Emphasizes student
participation In class discussion.
D. R. Uhlmann

3.930 Industrial Practice
(Revised Unit)
Prereq.: -
U (8)
0-6-0

Enrollment restricted to students in Course
1il-B. Provides academic credit for first
approved work assignment at a company. For
reporting requirements consut faculty Indus-
trial practice coordinator.
R. M. Pelloux

3.931 Industrial Practice
(Revised Unit)

Prereq.: -
U (S)
0-64"

Enrollment restricted to students In Course
Ill-B. Provides academic credit for second
approved work assignment at a company. For
reporting requirements consut faculty indus-
trial practice coordinator.
R. M. Pelloux

3.932 Industrial Practice (A)

Prereq.: -
G (1, 2, S)
0-.-a

Provides academic credit for graduate stu-
dents in Course lil-B for approved work as-
signments at companies. May be repeated.
R. M. Pelloux

3.96 Spectroscopy and Electrical
Properties of Polymers (A)

Prereq.: 3.062, or 10.641
G (2) Not to be offered 196748
3-0-9

The first two-thirds of subject focus on working
knowledge of modern spectroscopic tech-
niques (primarily UV-VIS, IR, and NMR) for
determination of polymer composition, micro-
structure, and molecular dynamics. Selected
Instrumentation available for laboratory work.
Also diem usses topics of current interest con-
ceming ewctrical properties Including dielectric
behavior and highly conductive polymers.
G. E. Wnek

3.961 Polymer Synthesis and Properties (A)
Prereq.: 10.691
G (1)
3-1-5

Fundamental chemistry of polymerization re-
actions. Reaction mechanisms and polyMrI-
zation techniques. Emphasizes relationships
among preparation, structure, and properties.
Topics: coupling reactions, radical, Ion, and
coordination polymerization and chemical
modification of polymers.
G. E. Wnek

3.97 Polymer Laboratory 11 (A)
(New)

Prereq.: Permission of Instructor
G3 (2)
1-5-6

Techniques for characterizing morphology and
physical properties of polymers; polymer
rheology.
D. K. Roylance

3.99 Special Problems In Polymer Science
and Engineering (A)
Prereq.: -
G (1, 2, S)
Arr.
Advanced work In the field. Lecture, con-
ferences, assigned readings, and laboratory
work.
D. R. Uhlmann
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4.UR Undergraduate Research In
Archlisoume
Prereq.: -
U (1, 2)
Arr.

Research and project activities which cover
the range represented by the various research
Interests an projects In the Department.

4.01 Issues In Archtecture
Prereq.: -
U (1)
34
Introductory architectural design studio about

and understanding the built world In a
p a framework of places for

people. A series of cumulative exercises In-
volving designIng places for oneself, for a few
people, for many people. Lectures, Individual
and group design projects. Intended for fresh-
men and sophomores.
8. Kanda

4*7IJ Design wih Mloroollmate
(Same subject as 11.18W)

.:8.01 18.01
U (1) LAS
344
Introduces microolimate design principles
through leoture and flld Investigations. Wind
effects on buildings, noise control, solar and
noctumal radiallon control, human comfort do-
terminaion, thermal sage design. Invest
gates how vegetaion affects microolmate and
how moroclimate influences vegetation. Mod-
eing methods for testng design alternatives
and measurement techniques for adequate
sie reconnaIssance. Concludes with a corm- v environmental design problem.
T. WE Johnson

4.12, 4.126 Architectural Design'
(RevWse Unit)
Prersq.: 4.26
U (1, 2)
0-12-g
Estabishes basic attitudes to architectural or-
ganization and Its reflection In form. Includes
projects where Imposed conditons of ite, pro-
gra, and build isem emphiasize the In-
teelatlonalp Af fundamental elements In the
pattern of decelson making that constitutes ar--hliectral design. Develops
through drawings and models. Intended for
juniors, seniors andentering graduate

Arc ral Dosign taff

4.131, 4.132 Architeotural Design'
(Revised Unit)
Prersq.: 4.125, 4.126
U (1, 2)
0-12-9
4.143,4.144 Architectural Deelgn (A)'
(Relveed Unit)
Prereq.: 4.125, 4.120
G (1, 2)
0-12-9
Projects develop awareness of the principal Is-
sues facing the contemporary architectural do-
signer and the range of possibilities avable
for effective satisfaction of common environ-
mental needs. Design for Intensive, extensive,
and multiple space uses. Buildings of multI-
story construction. Considers natural and arfi-
cdal environmental controls as they Influence
the design concepts and the Installations
associated with them.
Architeftral Design Staff

4.166, 4.156 Architeotural Design (A)
(Revised Unit)
Proreq.: 4.144
G(1,2)
0-12-9
Emphasizes seting of architectural work as
part of an organized community In projects
having to do with built-up areas as well as
those on new ites. Studies piano for long-
range development giving students Increasing
experience In the analysis of realife situations
requiring program research.
Archifeotural Design Staff

I Nobs ad t* PAIn k AwhI~soMM OuN: ThM.w
quNo M Abtout Din DO M s n O ssign .1 s0

Usn sirs elsinkdepmndmnlire omid grtes bssuulahd.

4.160 Urban Settlement Design In
Countries I(A)

Prereq.: Permission of Instructor
G (2)
0-12-9

4.161 Urban Settlement Design in
De ng ntrIes 11 (A)

(RvsdUIt)
Preroq.: 4.160
a (1)
0-12-9
Advanced projects on urban settlement envi-
ronments for low Income groups in developing
countries. Alms: to prepare designers to par.
tiolpate effectively in the process of
the environment; to develop tools to
and evaluate design determinants; and to
make these tools available to those conoemed
and responsible for action at the polloy-making
level.
R. Goe~hrt

4.163d Urban Design (A)
(Same subject as 11.332J)
Prereq.: Permission of instructor
G (2)
Arr.
The design of urban environments. Strategies
for change In large areas of clties, to be do-
veloped over time, Involving different actors.
Fitting forms Into natural, man-made, histori-
cal, and cultural outlooks; enabling desirable
actv#t patterns; conceptuasizIng built form;
providg Infrastructure and service systems;
?udling th sensory character of development.
involves archiecture and planni students In
joint work; requires Individual or do-
sign and planning guideines.
D. Frnohman

44 o Design end Methods (A)

Prereq.: 4.211, 4.224
G (2)
0-12-9

Unertndn problem related to deeig of
reiedental environments and development of
sils to deal with these problems. Emphasizes
appliaion of methods which deal with issues
of change, evaluation of the capacit of a
given environment to accommodate to ang-
Ing uses and Hestyles. Assesses the impact of
changing normative terlea on the physical
environment. Developing iernate solutions
within a given set of constraints. Projects In
te design of build oanf urban (rean-
td) environments.
N. Nam$u
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4.10 Arehltmtural Design for Islamic
Cuftues (A)
(Revisled Unit)
Prereq.: 4.231
G(2)
0-12-9

Architectural design studio focusing on a spe-
cinc urban area In a Muslim country. Projects
selected to develop awareness of the principal
Issues facing the architectural designers in
those countries. Cross-cultural comparisons
used as part of the teaching method. Consid-
eration of environmental, social, and aesthetic
factors.
R. Lewock, A. BadShah

4.17, 4.171 Special Problems in
Architectura Deelgn
Prsreq.: -
U (1, 2)
Arr.
Supplementary work on Individual or group
basis. Registration subject to prior
arrangement for subject matter and
supervision by staff.
Archtectural Design Staff

4.181-4.183 Architectural Design
Workshope (A)
(NeW)
Prereq.: 4.131, 4.132 or 4.143, 4.144
(3(1,2)
Arr.

Form-maldng exercises which explore and/or
inquire into a generic architectural design
prolen. The problem may be prototypical or
a particular aspect of a whole project; it Is
ofnen research-odented and non-site specific.
ArchfecturmI Design Staff

4.1g, 4.191 Special Problems In
Arohiteotural Design (A)
Prereq.: Permission of Instrucor
G0(1,2)
An.

Supplementary work on individual or group
basis. Registraton subject to prior arrange-
ment for subject matter and supervision by
staff.
Architectural Design Staff

4.=J Structuring Computer Programs for
Architecture and Planning
(No")
(Same subject as 11.015J)
Prersq-
U (1)
4-4'4
Ses description under subject 1 I.015J
A FIshw

4203 Computers and Arhiteotne I
(4.201)
Prereq.: 4.01
U (1, 2)
3-6-3

Provides a general and up-o-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 in-
dude case studies of computer application In
architectural practice, and current research In
computer graphics, color modeling, computa-
tional video, and man-machine interaction.
Emphasis on digital modeling. Previous pro-
gramming experience useful but not required.
Umited enrollment.
F. Miller

4.204 Computers and Architecture 11 (A)
(NOW
Prereq.: 4.203
G (2)
3-0-
Project-orlented subject in which topics intro-
duced in 4.203 are further developed particu-
larly In the areas of micro-CAD, visual
Information systems, and knowledge base en-
gineedng. Work relates to ongoing research in
the Computer Resource Laboratory.
F. Miller

4.206 Design with ComputerS (A)
(Revised Content)

Prereq.: 4.143, 4.204
G (2)
4-0-8

Explores architectural design projects, both on
the micro and macro level. A combination of
microcomputer-aided design and pencil-based
design methods facilitate the exploration of
easy scale changes (zooming) and the Inser-
tion of building elements and components,
from preliminary site diagramming to the spe-
cifcs of construction detals. Umited
enrollment.
F. Mller

4.211 Interventions to Urban Housing (A)

Prereq.: 4.125 or 4.126
G (1)
3-3-6

Introduces the relative roles which users and
institutions play In shaping the urban residen-
tial environment and the processes of planning
and buiding. Evaluating the evolution of these
processes in various cultural and historical
contexts, tacking related design information
and regulatory controls. Assessing profes-
sional, govermental, and Industrial interven-
lions In these processes, types, tools, and
Implications. Case studies Ilustrate altemadve
approaches at dwelling and neighborhood
levels.
N. Hamdl

4.224 Thenmtio Design: Theory (A)
Prereq.: 4.125, 4.126
G (2)
3-4-5

Lectures and exercises on the principles of
thematic design. Theme, pattern, and type as
ordering devices. Spatial and physical the-
madc systems. Levels among thematic sys-
tems. Change and the dimension of time in
design. Territory and territorial order. Inside-
outside and public-private transitions. Social
and personal values and their relations to
form. Provides understanding and sidlis for
general use in architectural and urban design.
N. J. Habraken

4.225 Thematic Design: Methode (A)

Prereq.: 4.125, 4.126
G (1)
3-4-5

thodological principles of thematic design
and their application. Develops a spatial
theme and its elaboration on the level of the
building as well as the urban tissue. Involves
development of variants within given thematic
rules; evaluation of the capacity of specific
configurations; analysis of zones, sectors, and
sector groups; formulation and use of selec-
tion and position rules. Familiarizes students
with generation and control of more complex
form systems and appropriate use of available
methods.
N. J. Habraken

4.227 Issues of Theory and Method In
Design (A)

Prereq.: Permission of Instructor
G(1)
2-0-4

Examines questions of methodology In design,
theory of design, and theory of the built envi-
ronment based on readings and visual docu-
mentatIons. Topics vary each semester.
N. J. Habraken

4.231 Introduction to Deelgn for Islamic
Cuitures

Prereq.: Permission of Instructor
G (1)
3-6-3

Introductory workshop concerned with the un-
derstanding of built form in Muslm countries
both at the Individual bulding and the urban
scale. Design methods and design and its ap-
plicatlons addressed in the three major seo-
tions of the workshop: describing and
analyzing the urban and rural environment,
methods of design, and form vocabularies.
Major themes explored through lectures and
case studies.
R. Lewcock, A Badshah
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4.241 3-D Compuler Graphios
Prereq.: -
U (1)
4-0-8

Overview of the techniques of computer image
synthesis, Including both hardware and soft-
ware. Line drawing and color raster graphics.
Homogeneous coordinates, hidden surface,
and smooth-shading algorithms. Programming
problems and a term project. Limited enroll-
ment. Previous programming experience
required.
D. Zitzer

4.242 Advanced Computer Graphios (A)
Prereq.: Permission of instructor
G (2)
4-04
Treats In-depth current research In 3-D com-
puter graphics. Readings from recent papers.
Significant term projects including an Imple-
mentation, written report, and classroom
presentation.
D. Zeolier

4.245 Computers and Graphics
Prereq.: Permission of instructor
G (1)
4-2-6
A general introduction to computer graphics
and its applications in design, architecture,
and the graphic arts. Practical assignments
provide experience in the use of 2-D and 3-D
graphics in the extensive facilities of the Media
Laboratory, including touch-sensitive screens,
color raster displays, and computer-linked
video systems. PLI is the programming lan-
guage most In use. Programming experience
not mandatory. Open to undergraduates. Con-
suit Department headquarters.

4.251 Digital Video (A)
Prereq.: Permission of Instructor
G (2)
2-0-7
Provides a technical introduction to video im-
aging, storage, and display devices, and their
digital counterparts. Regards the video system
as a general communications link capable of
transmission of anaiog Images as well as
computer data, connected to Image process-
ing equipment as well as digital computers
and displays. Topics: raster scan display ar-
chitecture, anti-allasing, optical storage, video
encoding. Requirements include individual
term projects.
A. Uppman

4.254J Me Communications Technology
and Policy (A)
(Same subject as 17.742J)
Prereq.: Permission of Instructor
G(2)
3-0-9
See description under subject 17.742J.
A, Lppman, W. R. Neuman

4.211, 4.29 So Pro -'- in Computer
Graphics and Communca (A)
(New)
Prereq.: Permission of Instructor
0(1,2)
Arr.
Supplementary work on Individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.26 Observing Form in Context
Prereq.: 4.01
U (2)
3-3-6

Introduction to disciplined observation of the
built environment. Study of architectural places
and gestures In their context by observing
qualities of space, light, form, and materials.
Lectures, field studies, drawings, sketches,
designs, and discussions.
F. Domeyko-Perez

4.261 Design Skills Workshop

Prereq.: Permission of instructor
G (1)
Arr.

Supplements Level I Architectural Design Stu-
dio. Emphasizes acquisition of drawing and
observational skills. Field trips, guest lectures,
and pre.sentations focus on Issues specific to
developing a design drawing repertoire. ndi-
vldual tutorials in graphic skills Restricted to
and intended for entering M.Arch. students.
J. R. %yer

4.273 Methods of Inquiry In Architecture
Studies

Prereq.: Permission of Instructor
G (1)
3-2-7
Introduces ways of acquiring systematic
knowledge about the built environment. Exam-
ines what constitutes valid knowledge in archi-
tecture and compares various approaches to
the understanding of the built environment.
Emphasizes theory building and testing appro-
priate to architectural studies. Requirements
include exercises aimed at improving skills in
conceptualizing problems; developing con-
cepts; interpreting information; and communi-
cating results. Required of all first-year
S.M.Arch.S. students.
E. Robbins

4.276 introduction to Building Economics
Prereq.: Permission of Instructor
G (2)
4-2-6

Introduces basic analytical concepts of micro
and macroeconomics, with applications to
building and the building industry. Prepares for
microeconomic analysis of firms engaged in
planning, real estate development, design,
construction, and maintenance of buildings, as
well as for macroeconomic analysis of the
building industry in developed and developing
countries. This subject satisfies the economics
requirement for the S.M.Arch.S. program.
R. Bon

4.27,1 Design Reseerch Seminar (A)
(Same subject as 11 .338J)
Prereq.: -
G (1, 2)
2-0-7

See description under subject 11.338J.
D. A. Schon

4.281 Preparation for M.Arch. Thesis (A)
4.262 Preparation for S.M.Arch.S.
Theies (A)
4.23 Preparation for S.M.Vis.S. Thesis (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.

Selection of thesis topic, definition of method
of approach, and preparation of thesis pro-
posal. Independent study supplemented by
Individual conference with faculty.
Staff

4.201 SpecIal Topics In Design information
Prereq.: Permission of Instructor
U (1, 2)
Arr.

4.291-4.291 Special Topics In Design
Information (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.30 Basic Structural Theory
Prereq.: 8.02, 18.02
U (2) SD
3-3-6
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. Labora-
tory to solve structural problems by building
simple models and testing them.
L. B. Groisser

4.315J Structural Engineering Laboratory
(Same subject as 1.105J)
Prereq.: -
U (1) LAB
0-3-3

See description under subject 1.105J.
L. J. Gibson
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4.31 Synthesis of the Behavior of
9tructural Systems I
Prereq.: -
G(1)
4-0.4

4.333 SynthesIs of the Behavior of
Structural Systems i
Prereq.: 4.331
G (2)
4-0"4
Classiflcation of the most characteristic
patterns of the behavior of basic structural
materials, structural systems, and their com-
ponents. Catenary, arch, and shell structures.
Flow of Intemal forces in deep walls and
beams; trusses; frames And plates. Studies
relationship between shape of structure and its
technological and mechanical efficiency as ud
way to general optimization. Applies mastery
of simplified procedures - graphical and nu-
merical - to the design of structural systems.
W. P. Z~aewekl

4.341 Framing Systems for Small
Structures
Prereq.: 4.30 or 4.331
G(1)
4-0-4

Approximate methods for the initial selection
of framing systems for vertical loading. Load-
ing conditions and building codes. Design of
beams for shear, bending moment, and de-
flection criteria; design of columns. Application
to a wood house Including atemative wood
floor framing, wals, columns, and rafters.
Optimum truss depth.
L. B. Grolsser

4.348 Structural Design Workshop (A)
Prereq.: 4.128, 4.30 or 4.331, 4.402J
G (2)
4-4-4
Allows participation In faculty-initiated struc-
tural design research projects related to archl-
tectural applications of new building
components and methods of their assembly.
W P. Zalewsid

4.30 Special Problems in Structural
Design (A)

Prereq.: 4.30 or 4.331
G(1,2)
Arr.
Supplementary structural design on individual
or group basis. Registration subject to prior ar-
rangement for subject matter and supervision
by staff.
W P. Zalewksk

4402J Building Construction I
(Same subject as 1.411J)
Prereq.: -
U (1)
4-0-8

Basic principles of materials and methods of
construction as appiled to common generic
building types. Emphasizes Integrated systems
approach from preliminary design to on-site
Implementation.
E. Dluhoech

4AO3J Building Construton i
(Same subject as 1.412J)
Prereq.: 1.02, 1.04; or 4.402J, 4.30 or 4.331
U (2)
2-4-3

Technical analysis and on-site case studies of
selected building projects and/or their consttu-
ent sub-systems and elements. Investigates
operational Integration and technical imple-
mentation of materials and processes to real-
ize explicitly stated design criteria by means of
best current building practice. Develops con-
struction documentation, details, and basic
specifications within given lmits of codes, reg-
ulations, and other legal restrictions.
E. Dluhoech

4.406 Speolial Problems in Building
Technology (A)
Prereq.: 4.30, 4.402J, 4.43
G (2)
Arr.

Supplementary work on Individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
E. Dluhoech

4.43 Acoustics In Architecture and
Planning
Prereq.: 4.402J

4-"4
Describes desirable and undesirable Interac-
tions between people and sound, Indoors and
outdoors, and uses this information to develop
acoustical design criteria for architecture and
planning. Physical principles of sound genera-
tion, propagation, and reception. Techniques
and data used to provide good hearing condi-
tions in Interior and exterior spaces, and to
control noise in rooms, buildings, sites, and
regions. Practical examples and case-history
illustrations.
C. J. Rosenberg

4.45 Use of Energy in Buildings
Prereq.: 4.402J
U (1)
3-0-8
Explores energy utilization in buildings spe-
clally emphasizing energy conservation. Em-
phasizes a qualitative understanding of the
various energy flows affecting buildings as
well as a quantitative understanding of the
major factors influencing building dasign and
operation. Topics: thermal comfort, climatic
analysis, thermophysical properties of building
materials, psychrometrics, heat gain and loss,
lighting, and HVAC selection and Integration.
H. J.Bymn

4.46 Solar Architecture (A)

Prereq.: 4.45
G (2)
3-0-6
Develops and applies principles for the utiliza-
tion of solar energy in buildings. Covers meth-
ods for designing solar energy systems and
predicting their performance. Topics: solar
movement, solar radiation, fundamentals of
solar heating and cooling, active solar design

-- 4r -7!4-7 r

for space heating, cooling, and domestic hot
water, passive solar design for space heating
and ooling, perfoman and economic
analysis, and the integration of soar concepts
Into building design.
H. J. Bryan

4.46 Energy Coneolous Design (A)
Prereq.: 4.071J, 4.131 or 4.143, 4.45, 4.46
G (2)
4-4-12

Examines energy-conscious design Issues us-
ing a commercial design problem In a studio
format. Presents design and modeling meth-
ode for predicting thermal and lighting behav-
lor. Studies building material choices and
introduces the latest building technology for
conserving energy.
T. E Johnson

4.474 Uses of Daylighting In Buildings (A)
Prereq.: 4.45
G(1)
3-0-6

Explores and analyzes in detal the principles
associated with utilization of daylighting in
buildings. Topics: history of daylighting, funda-
mentals of light, daylight availability, strategies
for daylighting design, architectural considera-
tions, calculations and design methods, ther-
mal and energy considerations, integration of
daylighting with artificial lighting, lighting con-
trol strategies and integration of daylighting
into building design.
H. J. Bryan

4.48 integration of Mechanical Systems (A)
(New)
Prereq.: 4.45
G (2)
3-0

Major Issues in bringing a building and its me-
chanical systems Into a well-integrated whole.
Mechanical systems interaction with the build-
ing envelope and the structure. HVAC topics
Including comfort conditions, building and oc-
cupancy types; HVAC system types including
control, unitary, heat pump; building automa-
tion and control by microcomputer.
W. Wright

4.47-4.400 Special Problems In
Environmental Controls (A)
Prereq.: -
0 (1,2)
Arr.
Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
H. J. Bryan
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4.51 Building Systems I
Prereq.: Permission of instructor
G (1)
3-0-8

Technological Innovation In building construc-
tion, including mechanization, prefabrication,
Industrialization. Analyzes processes for build-
Ing system productior. and delivery on and off
site. Applies appropriate building systems in
both industrialized and developing countries.
Lectures, case studies, and field trips.
E. Dluhoach

4.52 Building Systems 1i - Workshop (A)
(Revised Content and Unit)
Prereq.: 4.51
G (2)
0-12-9

Development of a coordinated building system
for a selected generic building type. Applica-
tion of performance concept to the selection,
procurement, and deployment of materials,
elements, components, and/or sub-systems to
be assembled on or off-site, based on explicit
rules of dimensional and positional coordina-
tion. Testing of design solution against alter-
native technological implementation process.
Emphasis on resoMng a given basic design
concept In terms of a fully developed technical
solution.
E. Oluhosch

4.56 Building Economics: Project Life
Cycle Analysis (A)
Prereq.: 4.276

Examines microeconomic aspects of building
and building technology In framework of proj-
ect life cycle analysis. Analyzes economic role
of design professionals in network of key ac-
tors participating in project life cycle: planning,
real estate development, design, construction,
maintenance, reconstruction. Requires empiri-
cal research projects Into life cycle phases
and/or facets in a unified case study format.
R. Bon

4.66 Building Economics: Inter-Industry
Analysis (A)
Prereq.: 4.276
G(2)
3-0-6

Studios macroeconomic aspects of building
and building technology In framework of inter-
industry analysis. Emphasizes input-output
analysis and extensions: social accounting
matrices, multiregional input-output analysis,
development network analysis. Requires em-
pirical research projects into industrial and re-
gional interdependencies of building industry
in developed and developing countries.
R. Son

4.66 Special Topics in Systems
Building (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.

Supplementary study on selected topics such
as managerial, economic, socioeconomic,
and/or political problems connected with the
building Industry. Registration subject to prior
arrangement for subject matter and
supervision.
E. Dluhosch

4.601 Topical Studies in the History
and Theory of Art

Prereq.: -
U (1) HUM-D
4-0-5

Introduces selected topics In the history and
theory of painting and sculpture from prehisto-
ric times to 1800, often focusing on a central
theme. Examines key objects In terms of style,
iconography, and function, and considers them
as expressions of the social, political, rel-
gious, and intellectual values of their respec-
tive cultures. Emphasizes discussion of the
different functions of art and basic modes of
artistic formation.
A. Wagner

4.606 Introduction to the History #id
Theory of Architecture

Prereq.: -
U (2) HUM-D
4-0-5

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

4.615 Selected Topics in Architecture of
the Ancient World

Prereq.: 4.605

3-0-6
Analysis of role of mass, space, structure,
light, surface, and related social, political, and
economic factors In architecture and urban de-
sign from prehistory through Roman times.
Open to qualified undergraduates. Permission
of instructor required.
D. H. Friedman

4.62 Selected Topics in Architecture in the
Middle Ages
Prereq.: 4.65
G (1)
3-0-6

A history of buildings from the time of Rome's
conversion to Christianity to the beginning of
the Renaissance. Deals with the history of ar-
chitectural form, methods of design and con-
struction, and the historical and physical
contexts of the buildings. Open to qualified
undergraduates.
D. H. Friedman

4.626 Advanced Study In Medieval
Architecture (A)
Prereq.: Permission of instructor
G (1 or 2)
Arr.

Seminar on a selected topic from medieval ar-
chitecture. Requires original research and pre-
sentation of oral and written reports.
D. H. Friedman

4.635 Renaissance Architecture
Prereq.: 4.605
U (1) HUM-D
3-0-6

A history of the architecture of the 15th and
18th centuries in Italy. The formation and de-
velopment of the classical style, drawing and
model making, the relationship between archi-
tecture and the fine arts, buildings and their
patrons, architectural theory, architecture and
politics.
D. H. Friedman

4.636 Baroque and Rococo Architecture

Prereq.: 4.605
U (2) HASS
3-0-6

A history of European architecture in the 17th
and 16th centuries. Works of Bemini, Borrom-
iN, Mansart, Wren, Juvarra, and Neumann.
The major developments In the history of ar-
chitectural design in the context of the political
and cultural environment of the period.
D. H. Friedman

4.638 Advanced Study in Renaissance
Architecture (A)
Prereq.: Permission of Instructor
G (1 or 2)
Arr.

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 Baroque
Architecture (A)
Prereq.: Permission of instructor
G (2)
Arr.

Seminar on a selected topic from Baroque ar-
chitecture. Requires original research and pre-
sentation of oral and written reports.
H. A. Millon

4.642 Modern Art from impressIonism
to Cubism

Prereq.: -
U (2) HUM-D
4-0-5

Presents Cezanne, Gauguin, Van Gogh, and
Seurat against a background of Impressionism
and other 19th-century styles and their rela-
tionship to the Synthetist, Nabis, and Symbol-
ist groups. Required readings from letters and
other writings by the artists, their artist and
writer friends, and their critics.
A. Wagner
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4.441 VIrgin, Herlot, Hysteria: 4663 Advanced Study in 20th-Century
Visual imagery of Women in 19th-Century Art (A)
Cuur Prereq.: Permission of Instructor

G (2)
(Same subject as SP 474j)

U (2) HASS
3-0

Examination of the representation of women In
19th-century European and American visual
arts and literature: the forms it took, the beliefs
it tapped, the myths it offered and sustained.
A range of problems and themes common to
the arts of the period - from female sexuality
to feminism - viewed both in terms of specifi-
cally artistic procedures, and in relation to so-
cial reality and consciousness.
A Wagner

4.64 seacted Topics In Architecture -
1760 to the Present
Prereq.: 4.605
G 1
3-"
General study of modem architecture in Eu-
rope and America in the context of architec-
tural and social programs. Open to qualified
undergraduates.
S. Anderson

4.646 AmerlIcan Landscapes, Towns, and
Builldinge
Prereq.: 4.605
G (1)
3-"
Introduces environmental history In the US
concentrating on 19th- and 20th-century de-
velopments. Open to qualified undergraduates.
S. Anderson, 0. H. Friedman

4.647 Amerlcan Architecture: Boston

Prereq.: 4.605 -

G (2)
3-0

Studies urban and architectural development
of Boston and its region. Selected topics In
American architecture and urbanism as con-
text for or comparison with Boston. Open to
quallfled undergraduates.
S. Anderson, D. H. Friedman

4.661 Modern Art from Cubism to the
Present
Prereq.: -
U (1) HUM-D
4-0-5

Cubism, Futurism, Constructivism, and other
phases of early 20th-century art during which
the theories, styles, and attitudes of contem-
porary art were formulated. Dadalem, Surreal-
Ism, and other intermediate phases leading to
Abstract Expressionism in New York. Consid-
era Post-Painterly Abstraction styles, Pop Art,
Minimalism, and the resurgence of Realism
both historically and critically.
A Wener

Arr.
Seminar on a selected topic from 20th-century
art. Requires original research and presenta-
tion of oral and written reports.
A. Wagner

4.664 Advanced Studies In loonography
and Symbolism (A)
Proreq.: Permission of Instructor
(3(2)
3q8

Selected topics and guided research In icon-
ography and symbolism in 19th- and 20th-
century art. Registration subject to prior ar-
rangement for subject matter and supervision
by instructor.
W. V. Anderson

4.666 Modern Architecture In Europe from
166 to the Bauhaus (A)

Prereq.: 4.645
G3(2)

Art and architecture in Europe from the late
19th century to the time of the Nazi repression
of modem art. Intensive study of the people,
works, and controversies from which the Euro-
pean "modem movement" emerged, leading
in turn to the transformation of American
architecture.
S. Anderson

4.666 Advanced Study In Modern
Architecture (A)
Prereq.: Permission of Instructor
G (1 or 2)
An.

Seminar on a selected topic in the architecture
of the late 16th century to the present. Re-
quires original research and presentation of
oral and written reports.
S. Anderson

4.661 Theory and Method In the Study of
Architecture and Art (A)

Prereq.: Permission of Instructor
G3(1)
3-0-6

Studies theoretical and historiographical works
pertaining to the fields of architecture, art, and
environmental studies. Members of seminar
pursue work designed to elucidate and criti-
cize their own presupposition and methods.
Open only to Ph.D. candidates and other ad-
vanced students.
S. Anderson

4.663 Studies Toward a Theory of
Architecture and Environmental Design (A)
Proeq.: Permission of Instructor
G (2)
3-"
Considers contemporary theoretical posltions.
Requires reports in the context criticism, or
support of the seminar thesis.
S. Anderson

4.664 Crltiolem of Architecture (A)
Prereq.: Permission of Instructor
G (1)
3-0-8

Surveys various approaches (social, environ-
mental, economic, compoeltional, structural,
functional) and beas for the criticie of archi-
tecture. Emphasizes the formal bases of criti-
clam. History of criticism, relation of criticism
and history, value of criticism to the profes-
sion, criticism as a means of achieving quality
in architecture, and criticism as a rational and
emotional response to architecture.
S. Anderson

4.671 HIstory of Urban Form (A)

Prereq.: Permission of Instructor
G (1)
3-0"
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
changing contexts of culture, politics, and the
structure of public and private Institutions,
D. H. Friedman

4.673 Seminar In Urban Communal
Spew (A)
Prereq.: Permission of Instructor
G(2)
Ar.

A working seminar conducting continuing re-
search on the sociophysical structure of urban
communal space. Attention to the literal quall-
ties of this space and especially to the models
by which the form, meaning, and use of com-
munal space are understood and changed.
The seminar to produce theoretical or critical
essays, graphic analyses, formalizations or
designs. Limited enrollment,
S. Anderson

4.67 Advanced Study in the History
of Cities (A)

Prereq.: Permission of Instructor
G (1 or 2)
Arr.
Seminar on a selected topic on cities and ur-
banism. Requires original research and pre-
sentation of oral and written reports.
S. Anderson

4.661 Introduction to Building In est Asa
Prereq.: -
U (Z) HASS
3-0

Promotes understanding of society in East
Asia through the study of conscious and un-
conscious making, perception, and represen-
tation of the built environment as well as
attitudes toward and behavior within it, both
historically and at present. Historical and an-
thropological approach, Emphasizes Indla,
China, and/or Japan.
G. Nltschke
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4.102 Selected Topios In the Study of East
Asian Architecture (A)
Prereq.: Permission of Instructor
G (2)
2-0-7

Research seminar on the development, struc-
ture, and module of the traditional Japanese ,
house and garden and their relation to folk
and religious architecture as well as to their
urban contexts or their setting in nature. His-
toro and structural approach based on mea-
sured drawings and translations of early texts
on the subject written by craftsmen, priests,
and I11011111.
0. ke

4.63J The "Islamic City": History,
Culture, and Form
(Same subjbct as 21.482J)
Prereq.: Permission of Instructor
G (1)
3-0-6

Introduces Islamic civilization, past and pres-
ent, through a study of the city in the Muslim
world. Illustrates how the lenses of social and
architectural history, anthropology, and plan-
ning reveal different phenomena In the city
and different aspects of urban culture and
form. Examines the extent to which the soclo-
economic, political, architectural, and spatial
features of such cities as Fez, Calr, and La-
hors can be explained in terms of Islam.
P. S. Khoury, Y. Tabbaa

4.164 Islamic Architecture

Prsreq.: -
U (1) HASS
3-0-6

Survey of Islamic architecture from Its origins
in the late antique world to the pre-modem
world. Examines the formation of early Islamic
architecture and a "classical" style; the devel-
opment of regional schools from Spain to In-
dia; and the eventual synthesis of these
traditions within the architectural styles of the
Ottomans of Turkey, the Safavids of Iran, and
the Mughals of India.

. Tabbaa

4.66 Islamic Architecture from the
Ottoman Empire to the Present (A)
Prereq.: -
G (2)
3-0-6

Islamic Architecture in Turkey and the Arab
Middle East from the Ottoman Empire to the
modem period. Examines the structural, for-
mal, and symbolic elements of Ottoman archi-
tecture In the capital and the provinces, the
penetration of European architectural styles in
the 18th and 19th centuries, and the search
for an "appropriate" style throughout the pres-
ent century.
Y. Tabbaa

4.66 fom and Meaning in Medieval
Islamic Architeoture (A)
Prereq.: Permission of Instructor
G (1)
3-0-6
Discusses methods of finding meaning In
Islamic architecture using the medieval Middle
East as its field of Inquiry. Emphasizes the
use of loonography, philology, theology, and
philosophy to investigate the meaning of forms
and the expressive content of architectural
styles. Requires original research and presen-
tation of oral and written reports.
Y. Tabbea

4.667-4.00 Special Studies In the History,
Theory, and Criticism of Architecture and
Urban Form In the Islamic World (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.

Special topics in the history, theory, and crti-
cism of architecture and urban form In the
Islamic World, varying at the discretion of
the instructor.
Y. Tebba

4.061 Spoolal Studies In the History,
Theory, and Criticism of Art
Prereq.: -
U (1, 2)
Arr.

4.692, 4.063 Special Studies In the
History, Theory, and Critiolsm of Art (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.

individual or group projects on topics in the
history, theory, and criticism of art. Registra-
tion subject to prior arrangement for subject
matter and supervision by staff.
A. Wagner

4.094 Advanced Study In East Asian
Architecture
Prsreq.: Permission of Instructor
G(2)
An'.

Seminar on a selected topic from East Asian
architecture. Requires original research and
presentation of oral and written reports.
G. Niltschke

4.095 Speole Studies In the History,
Theory, and Criticism of Architecture and
Urban Form
Prereq.: -
U (1, 2)
An'.

Individual or group projects in the history,
theory, and criticism of architecture and urban
form. Registration subject to prior arrangement
for subject matter and supervision by staff.
$. Anderson

4.000-4.Z SpsoIlStudies in the History,
Theory, and of Architecture and
Urban Porm (A)
Prereq.: Permission of Instructor
G(1,2)
Arr.
Special topics in the history, theory, and orti-
cism of architecture and urban form, varying at
the discretion of the Instructor.
S. Anderson

4.713 Architectural Theory and Function In
Islamic Sooleties (A)
Prereq.: Permission of Instructor
G(1)
3-6-3

Analyzes theoretical approaches to creative
activity in Islam, comparing and contrasting it
with observable practice at different times and
places In the Muslim world. Disoussee the
functioning of many slemrents of design in the
architecture and urbanism of Islamic societies
and probes the real significance of the theo-
ries, practices, and functions to the Individual,
society, and to the designer, In the ight of the
changes taking place in the islamic world.
R. Lewcock

4.714 Sult Form and Society (A)
Prereq.: Permission of Instructor
G (2)
3-6-3

Analyzes the relationship of bult form to de-
terminism in Muslim and other cultures, I.e.,
the theories that physical factors, defense,
scarcity of arable land, etc., may determine
the but form. Discusses other theories that
social and religious values and beliefs may
sometimes have a deterministic effect in es-
tablishing architectural and urban form, at-
tempts to construct a rational method and
analysis using evidence from many areas,
concludes by examining consequences for the
design of built form.
R. Lowcock

4.721IJ Introduction to th Development
Industry
(NOW)
(Same subject as 11.430J)
Prreq.--
0(1)
2-0-7

See description under subject 11.430J.
J. McKellar

4.724 DesIgn for Development (A)
Prereq.: Permislon of Instructor
G (1)
4-0

Introduction to the design process from the
perspective of the developer. Includes: the
developer/architect relationship; quality and
design; Interrelationship of form, function, and
financial outcome.
M. Buckley
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Ion and Dye Lasers, CW and Pulsed COg Las-
ar, Raman Spectrometer, microcomputers,
and several auxiliary signal processing equip-
ments.

Many graduate and undergaduate students
perform thesis research In Laboratory;
UPIOP projcts are offered in many areas of
law research.

Further Information on the Laboratory may be
obtained from the Office of the Director, Pro-
fesor Michael Feld, Room 6-014, MIT, Cam-
bridge, Massachusetts 02139, (617) 253-7700.

ShstnaCener

The Statistics Center offers Interdepartmental
masters and doctoral degree programs In sta-
tios and helps to coordinate research,
teaching, and consulting activities In statistics
at MIT. Students considering MIT for graduate
study In statstics should seek the advloe of
the Statistics Center about which department
or School would be most appropriate for ad-
mission to MIT. Once admitted to a depart-
ment (or School), students pursue S.M. and
Ph.D. programs In statistics In the department
or under the general guidance of an Interde-
partmentai committee established through the
Dean of the Graduate School. The Statistics
Center can also provide assistance In obtain-
ing financial support. (Undergraduates can
focus on statistics In a number of depart-
menis, partioularly Mathematics, Economics,
and the Sloan School of Management.)

Usually, S.M. degree programs can be com-
pled In one year by students with back-
grounds In linear algebra, probability, and
statistios. A thesis Is required for the S.M. do-
gres and almost all theses in recent years
have made contributions to applied projects.
The doctoral programs for students In statis-
dos can be Individually planned In oollabora-
tion with various MIT departments.

Major theoretical folds of Interest at the Statis-
tis Center are pattern recognition and cluster
analysis, robust regression, categorical data
analysis, statistical computing and graphics,
detection of Influential data, time series analy-
sis, slochasti control, sequential analysis,
Byseslan statistics, risk assessment, and
probability theory.

Fields of appliction have ranged from micro-
biology and astrophysics to political science,
and from the health sciences to the Massa-
chuseft lottery. Departments In which Center
members are involved Include Mathematics;
Electrical Engineering and Computer Science;

Earth, Atmospheric, and Planetary Sciences;
Economios; Applied Biological Sciences; Civil
Engineerng; and the Sloan School of Man-
agement

The statistical consulting service at the Center
gives studente and faculty the opportunity to
collaborate with researchers at MIT and neigh-
boring Institutions on projects covering the full
range of statistical theory and practice on real
problems. -

While much of theoretical statistics draws
heavily on mathematics, applied statistics Is
Increasingly linked to computer science via
numerical analysis, graphics, and the develop-
ment 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 Center's in-
tordepartmental programs.

Further Information, Including a list of the 60
statistics subjects offered at MIT, may be ob-
tained by contacting the Office of the Director,
Professor Roy E. Welsch, Room E40-129,
MIT, Cambridge, Massachusetts 02139,
(617) 253-8411.

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 sooloeconomic growth of de-
veloping countries. More specifically, the goals
of the TDP are to promote an awareness
among MIT faculty and students of the rela-
tionship between science, technology, and de-
velopment; to provide a focal point for the
activities of faculty, students, and visiting
scholars Interested In the fld 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 socioeconomic
and technological problems.

The TDP is administered by a policy commit-
tee with faculty from the Schools of Engineer-
Ing, Humanities and Social Science, and
Management.

The MIT/Cairo University Technological Plan-
ning Program was Initiated in 1976, under
TP auspioes, to assist Cairo University in the
establishment of a Development Research
and Technological Planning Center. Modeled
on similar centers at MIT, this organization
now provides an institutional mechanism at
Calo University for faculty members to con-

duct contract research with Egyptian and inter-
national organizations on development topics.
Recently, the TDP has begun research on a
regional and country basis in Latin America,
the Middle East, Africa, and Asia.

TDP provides educational and research op-
portunities for master's uandidales interested
In specific areas of technology and develop-
ment. 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 ap-
proval. Details of the program are available
upon request. Students may receive financial
support In the form of research assistantships
associated with current TOP research projects.

Further information about the program, Includ-
ing a list of current reseamh projects, may be
obtained from the Office of the Director, Pro-
fessor Fred Moavenzadeh, Room 1-171, MIT,
Cambridge, MA 02139, (617) 253-7178.

Technology and Policy (S.M.)

The Technology and Policy Program prepares
young men and women for competent leader-
ship In the constructive development of tech-
nology. it educates "eneers with a
difference," persons with both strong technical
foundations and sidlls In dealing with Important
social concerns. it is unique in the opportuni-
ties it provides to combine a base In technol-
ogy with sidls in Identifying, analyzing, and
Implementing solutions to policy Issues.

Students In the Program work on problems In
the wide range of technological folds available
at MIT, for example: computers, electronic
systems, and communications; energy produc-
tion and management; Industrial innovation
and producivity; disarmament; regulation of
chemicals and pollution; transportation; marine
and mineral resources; office automation;
space technology; and solar and nuclear on-
orgy. A complete list of theses completed In
the Program is available on request.

The Master of Science In Technology and Pol-
icy leads directly Into practice, or continued
study at MIT or elsewhere. Challenging jobs In
industry, consulting, and govemment, both In
the US and abroad, are open to our gradu-
ates. Many graduates of the Program proceed
to doctoral studies, either through departmen-
tal or Interdepartmental arrangements. Others
obtain further technical degrees or go on to
law or business schools.



The curriculum Is based on three subjects in
each of four aroe: 1) advanced competence
in a spooc technological area of the stu-
dent's choice; 2) methods of policy analysis
such as Engineering Systems Analysis (an
Engineering School-Wide Elective subject) and
15.012 Applied Macro and International Eco-
nomice; 3) the legal and political context of

ocydevelopment, and specifically 17.220J
The PoiyMaking Process; and 4) a core of
integrative subjects. Academic credit ls rou-
tinely granted for comparable studios done
elsewhere.

Students determine Individual curricula In con-
sutation with their faculty advisors. We expect
them to take full advantage of all the subjects
available at MIT and, through cross registra-
tion, at Harvard. All students take a minimum
core of two subjects, TPP 11J and TPP 12J
Proseminar in Technology and Policy. The
Proeeminar helps students confront policy is-
sues as they really are - complex, difficult,
often Il-defned, and full of conflicting values.
it Is the element that distinguishes this Pro-
gram from just a set of subjects, and it pro-
vides the common ground where students
meet to discuss issues of technology
and policy.

A thesis i required. This Is a major analysis In
the student's field of interest. Students prepare
for this effort by taking TPP 13J Engineering
Policy Thesis Seminar. Theses frequently are
published as reports or professional papers.
Many graduates regard the thesis as the most
significant part of their education at MIT.

Because clear expression is a practical neces-
sity, students must demonstrate sufficient writ-
ing sidlis 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 capablities In
technology and policy can complete the do-
gros program In one calendar year. Others
may need an additional semester.

Students typically obtain part-time jobs to sup-
port their education. These are mostly re-
search assistantships on MIT projects -that
match their areas of specialization, for exam-
ple, in the Canter for Technology, Policy, and
industrial Development and the Energy Labo-
ratory. A number of students will also find it
desirable to work in off-campus Intemships.
Teaching assistantships are also available.

Student funding Is avaiable through a number
of gants and gifts to the Proa. A Xerox
Fellowship is awarded annually to a student
Interested in communications studies, Bernard
Rablnowitz Fellowships are awarded for lead-
ership in technology, a Champion International
Thesis Fellowship is available for work on en-
vironmental issues, and several Jessie B.
Noy.s Foundation grants support students in
water manam studis .Several other par-
tal tuition felowshIps are available and are
awarded on the basis of excellence and need.

The Program also offers two prizes: Best The-
sis Award and the Alumni Award for Excel-
lence and Leadership, which carries a tuition
stipend.

Applicants should have a strong basis in engi-
neering or science. Applications are reviewed
by the Program and the MIT departnent cor-
responding to their particular interests. This
process starts February 15 and candidates are
notified as soon as possible.

The Program enrolis about 20 students each
year. We limit the class to maintain close, col-
legial relationships between faculty and stu-
dents, and to provide the best possible
Integration of Technology and Policy.

The steering committee for the Program con-
sists of faculty members and student repre-
sentatives from the Departments of
Aeronautics and Astronautics, Chemical Engi-
neering, Civil Engineering, Electrical Engineer-
Ing and Computer Science, Materials Science
and Engineering, Mechanical Engineering, Nu-
clear Engineerng,4ocean Engineering, Polnti-
cal Science, and Urban Studies and Planning,
as well as from the Center for Technology,
Policy, and Industrial Development, the Eo-
orgy Laboratory, and the Program In Science,
Technology, and Society.

Further Information may be obtained by con-
tacting the Chairman, Professor Richard de
Neufvie, Room 1-138, MIT, Cambridge, Mas-
sachusetts 02139, (617) 253-7693, the Asso-
ciate Chairman, Professor Joel Clark, Room a.
413, 253-6865, or the Director of the Center
for Technology, Policy, and Industrial Develop-
ment, Professor Daniel Roos, Room E40-202,
253-5322.

Undergraduate Reseerch Opportuniosa
Progrsm (UNOP)

The Undergraduate Research Opportunities
Program (UROP) provides undergraduatee
the opportunity to participate with MIT faculty
and research staff In a wide range of research
activities throughout the institute. Students
may participate in ongoing research or find a
faculty sponsor for a self-originated project.
The first several pages of the UROP DIrutory;
published each year, give details on how to
get started. Students are urged to read this
before they embark on their research. Infor-
mation on some current project Is posted on
UROP bulletin boards in the main corridor of
the Institute, and in the UROP Offce, Room
20B-141. New listings are announced each
week in Tech Talk. Further Information may be
obtained by contacting the staff at the UROP
Office, Room 208-141, or by calling (617) 253-
5049.

Students Interested In research also may con-
tact various laboratories and centers directly.
For Information about the opportunities for In-
terdisciplinary research, se the descriptions
of the various interdepartmental laboratories,
centers, and programs in the UROP DOectory
and in this chapter of the catalogue.

Undergraduate Seminare

The Undergraduate Seminar Program offers
an opportunity for students to interact with fac-
ulty members In small, Informal clan settings.
Seminars vary tremendously both In style and
topic; some are oriented around small, infor-
mal class discussions while others bring In
speakers, go out on field trips, or Involve ex-
tensive laboratory projects. Some seminar In-
structors also serve as a freshman advisor to
students In their clan. Many of the topics are
Interdisciplinary, and taught jointly by mem-
bers of several departments. Other seminar
topics are of particular interest to faculty mem-
bers but are outside of their department's
usual scope. Therefore, it is helpful to look
through all of the offerings for topics that may
be of Interest.

For more details about the program, Including
titles and descriptions of seminars, see the
Undergraduate Seminar Booklet issued twice
yearly. This publication Is available from the
Undergraduate Seminar Office, Ms. Peggy
Richardson, Room 7-143, MIT, Cambridge,
Massachusetts 02139, (617) 253-3561.
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Unseled Degree for
Mintmengs-elplIn"8d ( B.)

In a number of departments it Is possible to
pursue a lesspca "major," leading to
an degree gat does not pso-
Ify a pleld. To enrol for such a de-
gre without speolfiton, the student
registers In the normal way In the department
choen. The exdbty of an unspecifed de-

program, coupled with appropriate advioe
the home department and from other de-

partments, can give students a valuable op
portunity for interdepartmental study.

Walles Geophysloal Obevtory

The GeorgeR. Wallace, Jr., Geophysical Ob-
servatorys a unique researmh facilty de-
signed to monitor ground modon and to aid In
the development and testing of new selemic
and other geopWhys Instumentalon. It Is the
oenter of aeivity for MiT' nine-station network
in New England.

The Observatory, located 35 mIles north of
Boston in Westford, Massachusets, has a
large, mult-room underground vault and a sur-
fe control room. The vault has a controlled
temperature environment and inetrument piers
resting direoty on te basement granite. The
Observatory contaIne sensitive olemometers
and instrumente for monitoring round tis and
the earth's tidal motions. The Observatory also
serves as a key station of the GEOSCOPE
global network. The surface building houses a
work area and control and recordrig instru-
ment. Date from the Observatory are teleme-
tered direotly to the Eath Resources
Laboratory of the Dapartent of Earth, Atmce-
phedo, and Planetary Solences. The data from
the Observatory and the New England sesmic
network are recorded, analyzed, and displayed
by a dedicaled HP-1000 computer system.
Dea from the Observay along with the nu-
meroue resources of the provide a
unk fality for undergraduates, graduate
students, and staff to pursue research oon-
oering the interior of the earth.

Further Information may be obtained by con-
tactng the Director, Professor M. NO TokO,
Room E34-440, MIT, Cambrdge, Massachu-
set 02139, (617) 253-7852.

Women's ti Program
The Women's Studies offer unIque
oppodtunlie for INW-di piay study and re-
eaMh for both undegradut and graduate
Sludents. The Prog'ns coures focus on
the soolali, orc, and cultural contributons
and percepions of women, and can provide a
Humanu" -ononhtiron for undergraduates.
The ourriouium Iniudes two oors subjects -
introdutioon to Women's Studies and Contem-
porary Issues In Women's Studies - and a
slecgon of subselts from many departments
at the inemute. Speola Independent study top-
ls and UROP proeats can be aranged. The
primary objeotive of Women's Studies Is to on-
courage the reexamination and reinterpreteion
of aedegn data, as wen as to promote new re-
search about women and gender, in all disl-
pines, offeng new perspotives in leide s
diverse as biology, , engineering,
and Ilterature. To interdepartmental
research, the Women's Studies Research
Room in the Humanities Lbrary offers the MIT
community a mulldisolinary resouroe for the
study of women and gender. The Program l
decodbed in greater detal in Chapter III of this
catalogue,



.2~' 41





Vil Departmental Degree Programs and
Requirements



School of Architecture and Planning
Architecture (Course 4)
Urban Studies and Planning (Course 11)

The first university program In architecture In
the United States began at MIT In IS and
the second program pannmin started in the
igNSe. The present School of re and
Planni connuee In the 4orefront of architec-

planning education, benefing from
the special collaborations fostered In a univer-
skty of science and technology.

Today the School students for pro.
fo ar t respond to the social,
aesthetc, and technical demands of a growing
variety of clients. The School is particularly
concerned with services for communities that
traditionally have Iaoked access to profes-
sional help. These goals are nourished by a
culturally diverse student body and faculty, re-
cruited with a special emphasis on minorities
and women.

Departmente and Spola Programe

The School consists of the Department of Ar-
chitecture and the Department of Urban Stud-
Ws and Planning. The departments offer
undergraduate, graduate-professional, and
doctoral programs In architecture, planning,
and media arts and sciences, which prepare
students for practice, research, and further
study. Students have had a wide variety of
field experience In private and public sector
programs.

Two special programs aow mid-career pra*d-
tioners from minority communities who work In
urban and regional development In the US
and In developing countries to study and pur-
sue Independent research during one aca-
demic yew. In addition, the general Insttute
support for cross-registration at Harvard Uni-
versity gives professional students the oppor-
tunity to enrich their education at the Graduate
School of Design and the Kennedy School of
Government, among other areas.

International engagements and their relation to
educational and profeonal are an im-
portant factor In the reach Influence of the
School. These Include masters degree tracks
for planners in developing areas and design
for Islamic cultures; the Special Program in
Urban and Regional Studies (SPURS) and the
Aga Khan Program for Islamic Architecture.

The School's academic programs are shaped
by the search for new knowledge, Including in-
dependent scholarly research, with its written
products, and the consulting work that Individ-
uals carry out, often as members of architec-
ture and planning firms.

As part of a great research institution, the
School provides a base for research In two
laboratories - the Laboratory of Architecture
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and Planning and the Media Laboratory - as
well as In several programs and the Center for
Real Estate Development. The School also
profits from collaborations with other parts of
MIT, especially In such fields as operations re-
search, transportation, and nrgy technology,
and, beyond the Insttute, through the MIT-
Harvard Joint Center for Housing Studies. As
research assistants, students have the oppor-
tunity to gain flek experience in the public and
private sectors and to formulate Ideas for new
proposals.

Laboratory of Archilecture and Planning

This Laboratory Initiates and administers re-
search within the School, providing seed funds
that enable projects to expand thei support
and move on to new, sometimes Independent
phases. Recent Laboratory projects have rep-
resented the areas of energy conservation and
appropriate technology, environmental Impact
assessment, dispute resolution, solar design,
special needs housing, neighborhood and
community development, and management of
public participation for large-scale urban de-
sign projects. Areas of Intemational focus In-
clude housing for developing countries and
archiecture and planning In East Asia.

Media Laboratory

In the late 1940s, MIT pioneered In relating
experiments In science and engineering to the
arts, which suggested an alliance through vi-
sual education of scientists and through the
opportunity for ardsts to be stimulated by the
tools and constructs of science and technol-
ogy. In 1983, innovations In computer systems
manipulating spatial data were Introduced at
MIT; In 1972, the Department of Architecture
introduced television-based computer graph-
los, which resulted In the merger of video with
computers.

For a School concerned with the quality of the
human environment, an extension of scope to
Include the media environment has been as
reasonable as the extension years ago from
the physical to the social environment. The
product of that extension Is the School-based,
Institute-wide Media Laboratory, In MiTs new
arts and media technology facility, which
draws together such once discrete disciplines
as film, graphics, photography, music, and
computer science in combinations made pos-
sible by new digital video technologies and by
advanced computer applications capable of si-
muitaneously manipulating sound, images,
and data. Special emphasis is placed on the

design of opportunities that enhance human/
machine Interaction. Some current Media Lab-
oratory projects cover computer graphics,
home computing, speech recognition, and
studies of the school of the future.

Center for Real Estat Deelopment

Much of what the School doe Is associated
with real estate development. The Department
of Architecture educates students who,
through their skils In design, give form to real
estate development. The Department of Urban
Studies and Planning teaches students to plan
for and manage the consequences of Invest-
ment and disinvestment In the urban environ-
ment. The research of each Department tries
to understand the processes that shape and
Influence new development.

Recognizing the need to better understand the
development process, the School created the
Center for Real Estate Development In 1983.
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
Science In Real Estate Development, an Inter-
departmental degree program that educates
students to assume postons of responsibility
In both public and private sector development
organizations.

Computer Resource Laboratory/Project
Athena

A computer facility shared by the Departments
of Architecture and Urban Studies and
Planning Is the School's chief link with Project
Athena. In addition, several dozen work sta-
tions throughout the School are connected to
one another and to the rest of the Institute via
the Athena network. School faculty and stu-
dents are developing a computer-based de-
sign support system that will enable
exploration of new multimedia approaches for
computer-assisted teaching of design and
planning.

Offlee of the Dean
John do Monchaux, M.Arch.
Professor of Architeclure and Urban Planning
Dea"

LO' A. Craig, B.A.
Asoil Dean

Barbara uster-James
Assistant Dean for Adminlsiaion

Cynthia Ware, S.A.
Communicaton CoordInator

Michael Joroff, M.C.P.
Director, Laboratory of Architecture
and nanneu

James McKellar, M.Arch., M.C.P.
Director, Center for Real Estate Development

Nichola Negraporite, M.Arch.
Director, Media Laboratory

Otto Pline, M.A.
Director, Center for Advanced
Visual StudIe
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John Randolph Myer, B.Arch.
Professor of Architecture
Hed of the Department

Leor, Bnnet Grolser, Sc.D.
Professor structures
Execulive Offiwr

Plfesor

Stanford Anderson. MArch., Ph.D.
Professor of History and
Arciteture
(On Iave, spring)

Julian BeInart, M.C.P., MArch.
Professor of Architecture

John de Monchax, M.Arch.
Professor of Architecture and

Dean, School of Architecture and
Planing

N. John Habraken, 9.1.
Proleseor of Architecture

Iers Halaez, Dip. Arch.
Profeseor of Architeoture

Richard Lesoo. D.F.A.
Professor of Cinema

Tunney F. Lee, 9. Arch.
Professor of Architecture and Urban
Studies and Planning
Heed, Department of Urban
Studies and Planning

Ronald Bentley Lewoock, BArch.,
Ph.D.

Khan Profeesor of Deelgn for
Cultures

Chainan, Age Khan Program for
'Ia*io Architecture

Henry A. Mion, B.Arch.,
M.Arch., Ph.D.
Proleaor of HIstory and
Architecture
(V"ing)

icholas Ptr Negroponte,
M.Arch.
Jerone B. Wiesner Proleseor of
Media Technology
Director, Media Laboraory

Seymour Aubrey Papert, Ph.D.
Profeseor @f Media Technology

OD1o Plene, M.A.
Profeseor of Visual Design
Drector, Center for Advanced Visual
Sluie

WUim Lyman Porter, MArch., Ph.D.
Professor of Archilecture and
Planin

Maurice Kh Smith, B.Arch.
Proleeaor of Architecture

Jerome Sort Wiener, Ph.D.
Instiute Profeeor, Emeritus
President, Emnuts

Waclaw Pir Zaleweld,
D. Tech. Sci.
Professor of structures

Amoco" Profe sr

Stephen Senion, Ph.D.
Assoclate Professor of
Media Technology

Muriel Cooper, B.FA.
Associate Professor of Visual
Studies

Eric Dluhosch, M.Arch., Ph.D.
Associate Professor of Buiding
Technology

Fermando Domeyko-Perez, Dipl. Arch.
Associate Professor of Architecture

Richard Filpowkeli. B.A.
Associate Professor of Visual
Design

David Hodes Friedman, Ph.D.
Ansoiate Professor of the History
of Archltcture

Nabe"l Hamdl, Dipl. Arch.
Associate Professor of Housing
Design

Sandra C. Howell, Ph.D.
Associate Professor of Behavioral
Science in Architecture

Jeffrey H. KuUK, Ph.D.
Associate Professor of Media
Technology
(Visiting)

Andrew Lippman, M.S.
Associate Professor of Media
Technology

Robert J. Slattery, M.Arch.
Associate Professor of Architecture

Chester Lee Sprague, M.Arch.
Associate Professor of
Architecture

Jan Wampler, M.Arch.
Associate Professor of
Architecture

Anssat Preisee

Ranko Son, Ph.D.
Assistant Profesor of
Ear'omics In Architecture
Geodrge Macomber Career
Development Assistant Professor in
Conseructon Management

Rosemary Grimshaw, MArch.
Assistant Professor of Architecture

Tod Machover, M.M.
Assistant Professor Of Media
Technology

Edward Robbine, Ph.D.
Assistant Professor of Anthropology
In Architecture

Ysser Tebba, Ph.D.
Assistant Professor of the
Hitory of Architecture
Aga Khan Development Professor
In the History of islamic
Architecture

Anne Wagner, Ph.D.
Assistant Professor of the History
of Art

David Zeltzer, M.S.
Assistant Professor of Media
Technology
NEC Career Development Professor
of Computer and Communicatione

Adunst Profemse

Wayne V. Andersen, Ph.D.
A4unct Professor of the History
of Art

Glancario De Carlo, LA.
Aiunct Professor of Architecture

Arun N. Netravall, B.Tch., M.S.. Ph.D.
A4unct Professor of Media
Technology

Richard Chester Tremaglo, MArch.
Aqunot Professor of Architecture

Prinolpal Reswrh Assoolais

Reinhard Goethert, MArch., Ph.D.
Timothy E. Johnson, SM.

Leture

Benjamin Bergery, BA.
Nishan Blohelan
Michael Buckley, M.AA.S.
Glorianna Davenport, MA
John Furiong, M.LA.
Dennis Frenchman, MArch., M.C.P.
John Glanvito, S.M.VI.S.
Bryan Harvey, Ph.D.
Shun Kanda, M.Arch.
Alan Kay, Ph.D
Gunter Ntechke, DIpL Arch.
Carl Rosenberg, M.Arch.
William Wright, B.S.E.E.

Instrucore

David Levitt, Ph.D.
Frank Miler, MArch.

Technical Instarutes

Vanessa Doris, M.A.
WUiam F Kelley. B.BA
Jason Kinchen, BA.
Steven Kuttel, O.A.
Peter Randlette, BA.

Administraive OfWleer

Anne Shepley, BA.

Aesieltnt to OW Hed
of the Department

Nancy Jones, BA.

Assisalnt Director for
Adminletration and Plnanea,
Mais Laboratory

Robert P. Greene, B.8.

Admliratinve Assistente

Ellen Liao
Linda Okun, MA.

epartment of Architecture



Department of Architecture

(Course 4)

awrence Bernhart Anderson,
M.Arch.
Profeor of Architecture,
Emerius '
Dean of the School of
Architecture and Planning,
Emerius

Herbert Lynes Beokwth, M.Arch.
Professor of Archhtcture,
Emeritus

Plietro Belluechi, Dotting., .L.D.,
So.D., D.F.A.
Professor of Architecture.
Emeritus
Dean of the School of
Architecture and Planning,
Emneritu

Eoraeo Qaminos, Arq.
Professor of Architecture,
Emerhius

Eduardo Femando Catalano,
M.Arch.
Profeso of Architecture,
Emeritus

Albert H George Hnry Dlet, Sc.D
Professor ofBulding
Engineering, Emeritus

Gyorgy Kepes, M.A.
Insinute Professor, Emeritus
Professor of Visual Design,
Emeritus
Director. Center for Advanced
Visual Studies, Emeritus

Robert Ormerod Preuseer
Professor of VIsual Design,
Emeritus

The Department of Architecture Includes a
number of diverse fields of interest in architec-
ture and the arts. The programs encourage
students to combine theoretical Interest with
tangible application and to consider the social
consequences of their work. The diversity of
attitudes and worldng methods in the Depart-
ment make possible a variety of altemative
career paths. Undergraduate and graduate
students have the opportunity to structure their
own academic programs to suit their special
aptitudes and Interests within an overall
curriculum framework.

The Department offers five degree prograns:
the Bachelor of Science in Art and Design, the
Master of Architecture, the Master of Science
In Architecture Studies, the Master of Science
in Visual Studies, and the Doctor of Philoso-
phy. The Department Is composed of five dis-
cipline groups: architectural design;
architecture studies; building technology; his-
tory, theory, and criticism of architecture and
art; and arts and media technology. Students
In each degree program are encouraged to
take subjects in the different discipline groups.

Archiltectural delgn is taught from a broad
range of perspectives linking several common
concers: 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 role of the architect Is less often
seen as the sole creator of a completed build-
ing than as a participant with user groups, or
as a generator of a structure to which users
may add or aiter over time.

A broad range of architectural design studios
is offered. Rather than a single core curricu-
lum I focus is on a set of design projects of
aso*..uing complexity. Introductory studios
provide a basic architectural design back-
ground and vocabulary and help undergradu-
ates decide whether they want to continue in
architecture. The design method studlos pro-
vide a range of experiences of form-making In
which individual faculty present their particular
ways of exploring a design Issue. The ad-
vanced studios give graduate students the op-
portunity to sharpen 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 de-
sign to a final product.

The School's new computer center is avalabie
to experiment with modeling techniques,
graphic representations, design methods, and
assistance with the design process itself. In
addition, students may participate In research
work In these areas.

The stress In Architeoture studlee is on com-
bining the study and practice of shaping the
bult environment with research on the bulit
environment, on the fores which mold it, and
on the design process itself, and covers such
areas as large-scale physical settings, behav-
ioral studies, environmental programming, the
form and evaluation of cities, design theory
and methodology, decision-maling procedures
in design, housing and settlement forms in de-
veloping countries, and self-help processes.
Central to these topics is the role of the user
as an active force In the development of envi-
ronments and the role of the designer as an
agent in the process of human habitation.

Building technology includes research and
teaching In budin structures, construction
Procsses, Induszed building systems,
acoustice, energy in buldings, solar architec-
ture, and daylghting. Faculty In the group offer
subjects and design studio experiences exam-
ining the technical and/or contextual aspects
of their fields. Students may then, for example,
have the opportunity both to study problems of
energy resources and technologies, and to
use what they have larned In designing phys-
ical environments. Research faclifties include
the Program for Energy Efficient Buildings and
Systems and the MIT Solar BuIlding No. 5.

The history, theory, and oritlelm of archi-
teoture and art group emphasizes ways of
developing and organizing concepts as well as
understanding the physical and social context
of an architect's and artists works. The group
is most concerned with the creative prooses it-
self, both in understanding the meanings of
architects' and artists' actions and, more Im-
portantiy, 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 bult envi-
ronment on many acales. While not Umnited to
any particular period of time, they generally fo-
cus on contemporary understandIng relevant
to the basic premises on which architects
work. Theory and criticism of architecture
serve as the methodological bases for evalua-
tion of the premises, the process, the final
product, and the Implications (social, formal,
and other) of proposed action and non-action.
They study the development of and changes
In significant attitudes about architectural
works.
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Undergraduate Study

The Arts and Media Technology facilty was
completed last academic year, duri which
time ten previously separate groups from three
Schoole moved together to create a new inter-
disciplinary laboratory caled the Media Lab,
and to begin an academic iiative called Me-
die Arls and solenese. The academic pro-
rm Includes an experimental Ph.D. In Media
echnology, with concentrations in epistemol-

ogy and leaming, electronic media, and com-
puter music. An established Master of Science
runs concurrently, Including a concentration In
visual studies. The goal of both the research
and academic programs is to bring together
the Invention and creative use of modem me-
dia In general and electronic means, with spe-
cifc application to education, medicine, and
the arts.

Ony one suble in o felds of vsuaI Ar and Desgn,
H~O"y of An an Archltr, ed Urba Studle Lwd in
Wuament of Om DesMsenel Prgram may be uad to

Nefy fm Hunmane, Art, and SocIa solnos (HAsS)
nsquirement Shudente Onnot have me same departmental
acif r oncentraln ad MASS Fid of Concentasion.

The Department offers two undergraduate Bachelor of Golenes In Art mid Des8gn
courses of study: Course IV, leading to the Couree IV
Bachelor of Science In Art and Design, and
Course IV-8, leading to the Bachelor of Sci- Degree requirements applicable to the Class
ence. entering MIT September Is (Class of

19U0) and subsquent Cleases:
Wslelor of Solene n Art and Deslgn

Coure IV

Course IV offers a flexible program for stu-
dents In four possible areas of concentradon:
visual arts (including visual design, photogra-
phy and spatial imaging, the Visible Language
Workshop, and film making); architectural de-
sign; building technology (Including structures,
building process, energy systems, and envi.
ronmental control); and history, theory, and
criticism of architecture. Within a broad frame-
work, students develop Individual courses of
study best suited to their needs and Interests.

The requirements for the S.8. In Art and De-
sign curriculum begin with an Introductory sub-
ject, 4.01 Issues In Architecture, designed to
be taken by freshmen and sophomores. The
remaining Restricted Electives include begin-
ning work In the arts, architecture and the
building process, and the history and social
context of art and architecture.

Students should discuss their educational In-
terests and plans with a faculty advisor not
later than the beginning of the fall term of their
junior year. The Department has prepared a
list of subjects which gives the requirements
for each of Its four areas of concentration.
Each area of concentration provides a variety
of subjects among which to choose, as well as
an opportunity to get deeply Involved In a par-
ticular 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 sufficient number of professional subjects.
This requires careful use of a student's Unre-
stricted Electives.

Students who Intend to continue with graduate
studies In the visual arts, building technology,
and history, theory, and criticism of architec-
ture should consult with an appropriate faculty
member to design a program of study which
establishes the basis for graduate study.
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Graduate Study

Isahelr af 66lenes

Geure MVB 1OfI WkA ftM
Coure IV-BlIs offred for studen'i who find
that their bes*c inteleluua commItmente are to
subjW " f t iln i of Ar*4houre
buto Oie Oout wrow
deparimenlai boundorle The student
may, with the approval of the Department,
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ual neran interests while including the
fundamental areas within the Depament. For
emple, students might create a coherent
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The D-p-rtmet offe four graduae
n- the Master of Ahtecur,

Siof oene in Visual Studies, the Mas-
tsr of SOene in Amhitecture Studies, and the

Doolor of Phwsophy.

The Mater of Architecure is awarded to Stu-
dents who complete a p am oredted by
the Natonal ArchiteOural oard,
that is an eseendal ses toward Nllenaure for
arhitectural ro .

The Master of Science in Visual Studlee pro-
gram plores arts and mdia tcnog; It
accepts only students who have ard de-
onstrated a high level of competence and
achievement in their fild.

The Master of Scoeno in Archioteure Studiee
progrw e.m ha inqu y in te
but ewironant; the d is meant both
for students who already t ir t
professional arhntelure degree and thos
whose previous educaton matches the pro-
gram.

The Ph.D. program is an advanced degree
program initated in the area of History, The-
ory, and Cutiln, but Is being expanded to
other areas - poolnesly Design Methodol-
ogy, and Media Arts and Soiences.

Meeter of Arshtscture

The Master of Archlsoture is awarded upon
the satsfactory completon of an agpvod
program of at least 184 wits, of g6
unIt must be in IA" subjects, and an accept-
able thesis. Completmn ordinarly requine at
Wast two year of reeidence beyond the inst-
tute's un raduae helor of Science In
Art and Des. A eubalnal number of can-
didates are admied wih a Bachelors degree
from other Itiutons. Those who have not
yet studied in a department of architcture re-
qure at Ueast and one-half yer of reel-
dance to fulfI the =e ent for the
M.Arch. degree.

The profesional M.Arch. program is seen as
being diverse and open-ended with many
views of an appropriate theory and practi of

whisotture avaiabl, yet wih a general set of
shared conoems. These include a commiment
to n, a conem for ft behavior of peo-
Pie their* parolpeon In archbwo
ture, an interest in inquky an a view
of the environment as a and developing
phenomenon, an interest in relaon be-
tween the buut environment and inlbtutone, a
regard for the matedal proesees of bulling,
and a concem for the spaial and temporsi
conte of buidings.
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Sdhol of Arhitecture and Planning

Architectural design studios are the center of
the MArch. 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 specifles that a student study a
range of subjects In several Interrelated fields,
students in the M.Arch. program have a num-
ber of choices within each of the study areas
offered In the Department, and have the op-
portunity to concentrate In one area which
they may define.

Mas-er of Science In Visual Studies

This program offers graduate education in vi-
sual studies and visual media with emphasis
on their technological development, communi-
cations applications, and use In and as art. It
is open to students from varied backgrounds.

Eleven previously separate or new groups
have been assembled from different Schools
and departments at MIT to form a new and
unique Interdisciplinary laboratory In the Media
Laboratory. These groups are: Electronic Pub-
lishing, Leaming Research, Advanced Tele-
vision, Computer Music, Spatial Imaging,
Graphics, Human-Machine Interface, Telecom-
munications, Fim and Video, Computer
Graphics and Animation, and Computers and
Entertainment.

As part of the curriculum, each student will no-
gotiate with his or her advisor an exceptional
distribution of Introductory subjects to cover
those areas In which the student has no pre-
vious proficiency or experience. Students In
the degree program are required to complete
their studies In a common culture which in-
cludes advanced placement or an MIT experi-
once with computer programming, video
technology, holography, and studies of episto-
mology. The degree Is awarded upon satisfac-
tory completion of an approved program of
study and submission of an acceptable thesis.
The program requires four semesters of resl-
dency, one of which may be a summer term.

Master of Science In Architecture Studies

This program Is designed to provide a climate
for research and inquiry which stresses the in-
vestigative component of understanding the
bult environment. It Is open to students with
professional degrees In architecture, or to stu-
dents with degrees in other fleids who demon-
strate experience and significant achievement
In those fields. The S.M.Arch.S. degree is
awarded upon satisfactory completion of an
approved program of study and the completion
of an acceptable thesis. The Department re-
quires two full academic years of residency.

The program has a strong Interest In the
methods of Inquiry, development and testing
of knowledge, and the building and application
of theory as it pertains to the built environ-
mont. it allows students to specialze in areas
In which they wish to obtain particular abilities.
The four major areas of study are:
1) Environmental Design - a joint enterprise
of the Department of Architecture and the De-
partment of Urban Studies aid Planning. Ma-
jor Interests include environmental design,
models and evaluation, policy analysis, behav-
lor and programming, and history and theory.
2) Housing and Settlement Design - which
cohcentrates on Issues of human habitation as
relatsd to design, and deals with problems In
developing countries. Sub-areas of research
and teaching are methods, behavior studies,
technology and settlement design. 3) Building
Systems Design - concentrating on the arcnl-
tectural applications of various aspects of the
technology of building and their related sys-
tems. Emphasis is on energy systems, Indus-
trialized building systems, structural systems,
and environmental control In building.
4) Design for Islamic Cultures - which con-
centrates on Issues conceming regional ande
cultural identity in the design of buildings, and
the relationship between urban design and ar-
chitectural form in Islamic and other non-
Westemrn societies. Sub-areas of research are
appropriate building technology, climate, con-
servation and preservation, and the develop-
ment of new design vocabularies.

An additional area - History, Theory, and
Criticism - admits only a few S.M.Arch.S.
students each year. They work alongside doc-
toral students In the program, and, as a result,
are able to carry their loaming experience
back to architectural practice or desigr educa-
tion. The stongth of the faculty In this area
lies in the period from the late Middle Ages to
the present.

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.

Doctor of Philosophy

The Ph.D. program In Architecture, Art, and
Environmental Studies is primariV 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 Westem
(19th and 20th centuries) and Islamic architec-
ture and urbanism, and methodological Issues
that Inform or link historical and practical work.
A small number of Ph.D. candidates may work
In close association with the faculty and its re-
search in two areas: studies in architecture
and environmental structure; and studies In
Islamic architecture and urbanism (part of the
Age Khan Program for Islamic Architecture). In
addition, some students are working In the
area of design methodology.

Candidates for the program should have a
Master's degree or the equivalent. Previous
university work may be in academic or profes-
slonal schools, and in the history of architec-
ture; some professional experience is
recommended also. Candidates with degrees
from other institutions are required to be in
residence for two 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 lan-
guages Is mandatory. Students are encour-
aged to take subjects appropriate to their
programs in other departments at MIT, and at
Harvard nd Wellesley; active coilaboration
with MiTs gollery and exhibitions program and
with other institutions In the Boston-Cambridge
area also Is possible.

A new experimental program under the Media
Arts and Sciences Program has been an-
nounced, which leads to a Ph.D. In Media
Technology. Initially there are three areas of
concentration: electronic and communications
media, epistomology and leaming, and music
and music cognition. The thrust of this new
program Is modem Information technology
serving as a vehicle for human expression,
either artistic or intellectual.

inquiries

Further information concerning undergraduate
and graduate academic programs in the De-
partment, admissions, financial aid, and assis-
tantships may be obtained from: Department
of Architecture, Room 7-303, MIT, Cambridge,
Massachusetts 02139, (617) 23-7791.



Department of Urban
Studies and Planning

Tunney F. Lee, .Arch.
Professor of ArchItsolure
and Urban Studw and Planning
Head of the Department

Prems

John do Monchaux, MArch.
Professor of Architecure and
Planning
Deen, School of Architecture and
Planning

Aaron Flelher, S.D.
Profeseor of Urban and Regional
Studies
(On Mave, spring)
Robert M. Fogeleon, Ph.D.
Professor of Hiatory and
Urban Studies

Bernard Joel Frieden, M.C.P., Ph.D.
Professor of City Planning

Ralph A. Gakenhelimer, M.R.P., Ph.D.
Profeesor of Urban Studies
a Planning and CI Engineering

Gary Hack, M.Arch., M.U.P., Ph.D.
Profeesor of Urban Deegn

Bennet Harrison, Ph.D.
Profeesor of Poli"cal Economy
and Planning

Frank Sidney Jones, M.B.A
Ford Professor of Urban Affairs

LCarleton Keyes, Ph.D.
of Ct and Regional

Richard Charles Larson, Ph.D.
Professor of Urban Studies and
leWiOal Engineering

Codirector, Research
Coner

fT. Man, Ph.D.
of sociology

James Mcielar, M.Arch., M.C.P.
Professor of Architecture and
Planning -
lrector, Canter for Real Estate

Development.
(Ve*ing)

Karen R. Poleneke, Ph.D.
Professor of RePonal Poitioal
Economy and Planning
(On leave, spring)

Wiham Lyman Porter, MArch., Ph.D.
Professor of Architecture and
Planning

Marin ReIn, M.S.W., Ph.D.
Professor of Sociology
(On lave)

UOyd Rodwin, M.P.A., Ph.D.
Frn temdonal Professor
Diector, Spamal g for
Urban and Regional
(SPURS)

Donald Allen Schon, Ph.D.
Ford Professor of Urban Studies
and Education

Lawrence E. Suseldnd, M.C.P., Ph.D.
Professor of Urban Studies and
Planning
(On leave, spring)

Lance Taylor, Ph.D.
Professor of Nutritional
Economics

Judith Tendler, Ph.D.
Professor of Political Economy
(on leave, fall)

Michael Wheeler, J.D., LLM.
Professor of Law
(Vieidng)

Associate Profesesre

Lawrence Bacow, J.D., PhD.
Associate Professor of Law
and Environmental Policy
(On lave)

Phllip L Clay, Ph.D.
Aoclate Professor of Urban
Studies and Planning

Joseph Ferreira, Jr., S.M.E.E., Ph.D.
Associate Professor of Urban
Studies and Operaune Research

Marc Andrea Louaigand, Ph.D.
Associate Professor of Real
Estate Finance
(Visitng, faN)

Wiliam Wheaton, Ph.D.
Associate Professor of Economics
and Urban Studies

Aeslsbant Profeswse

Dsnia DiPasquals, Ph.D.
Asestant Professor of Urban
Studies and Regional Planning
(Visiting)

Merrie G. Klapp, Ph.D.
Assistant Professor of Environmental
Studies and Planning
(On leave, faN)

Edwin Melendez, Ph.D.
Assistant Professor of Urban Studies
and Planning

Lynne Isyar Begalyn, M.C.P., Ph.D.
Assistant Professor of Planning and
Real Estate Development
(On lave, fail)1

Slshwepdtya Sanyal, M.C.P., Ph.D.
Assistant ProleWor of Urban and
Regional Planning

J. Mark Davidson Schuster, Ph.D.
Asilatant Professor of Urban
Studies and Planning
Assistant Department Head

Adjnt Prfesfem

Phil Barnard Herr, M.C.P.
Adjunct Professor of City Planning

Melvin H. King, M.Ed.
A4unct Profsesor of Urban
Studies and Planning
Director, Community Fellows
Program

Setior Lecturers

Michael Joroff, M.C.P.
Director, Laboratory of Architecture
and Planning

Edward J. Logue, L.L.B.

Alan Strout, Ph.D.

David L Birch, D.B.A., Ph.D.
Senior Research SolendtK
Laboratory of Architecture
and Planning

Louise Dunlap, Ph.D.

Dennia Fenchman, M.C.P., M.Arch.
Director of Environmental Deegn

Arthur Row, M.C.P.
Director of SPURS Summer Program
(Visiting)

Thomas A. Stokes, M.C.P.

Administrative Oficer

Rolf R. Engler, A.S.A.

Roland Bradford Greeley, M.C.P.
Professor of Regional Planning,
Emeritus

John Tasker Howard, M.C.P.
Professor of Cay Planning,
Emeritus

UraN RrAlid Pe"t1o, Ph.D.
Professor of Urban Anthropology,
Emeritus



Department of Urban
Studies and Planning
(Course 11)

Undergraduate Study

The Department of Urban Studies and Plan-
ning (DUSP) offers several degree and non-
degree prorams: Bachelor of Science in
Planning; of City Planning; Master of
Science in Urban Studies and Planning; Doc-
torate in Urban Studies and Planning; Joint
programs with the Departments of Architec-
ture, CMI Engineering, Political Science, and
Economics; a 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 courses.

City and regional planners in the US and other
parts of the world are involved in a variety of
activities aimed at shaping the pattern of hu-
man settlements and providing housing, public
services, employment opportunities, and other
crucial suppoit systems that comprise a de-
cent living environment. Planning encompas-
ses not only a concern for the structure and
experience of the built environment, but also a
desire to hamess the social, economic, politi-
cal, and technological forces that give mean-
Ing to the everyday lives of men and women
In residential, work, and recreational settings.
Planners operate at the neighborhood, metro-
polltan, state, or national level, in both the
public and private sectors. Their tasks are the
same: to help frame the issues and problems
which receive attention, to formulate and im-
plement 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 effi-
clently and most equitably.

Planners are often described as "generalists-
with-a-specialty." Specialties have been
thought of in functional terms (such as hous-
Ing, transportation, land use, health care) or in
terms of the geographic levels at which deci-
sion making takes place (neighborhood plan-
ning, town planning, regional planning,
planning for national development). Subspe-
caies within the planning field also have
been described In terms of the roles that plan-
nors are called upon to play, such as man-
ager, designer, regulator, advocate, evaluator,
or futurist.

The Department of Urban Studies and Plan-
ning seeks to educate professionals and
scholars who as practitioners are able to deal
with the processes of urban and regional de-
velopment, environmental planning and de-
sign, and public poiy analysis and
implementation. The Department Is committed
to educating planners who can advocate the
interests of underrepresented constituencies.

A focus on practice and the development of
practice-related skills is central to the Depart-
ment, particulariy to students In the profes-
sional degree (M.C.P.) program. One means
of acquiring these practice-related skills and of
integrating them with classroom knowledge Is
through the Department's fieldwork and Intem-
ship programs. Through fieldwork, students
can acquire competence by working with ca-
pable practitioners and then bringing field ex-
periences back Into the academic 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 in-
ternship programs.

Specific opportunities for concentration and
specialization available to students are in-
cluded in the descriptions of the degree pro-
grams that follow.

During the month of January, the Department
of Urban Studies and Planning offers a series
of "mini-subjects" in specialized fields not cov-
ered by the regular curriculum - unique op-
portunities provided by the Institute-wide
January Independent Activities Period. Some
of these are student-organized activities which
subsequently have been incorporated into the
academic program.

Bachelor of Science in Planning
Course XI - Option 1

The Department of Urban Studies and Plan-
ning offers an interdisciplinary proprofesslonal
program designed to prepare students for ca-
reers as planners, analysts, advisors, and
manaers in either the public or private sec-
tore. Crse work stresses knowledge and
skils for: 1) defining and responding to com-
munity needs, 2) evaluating and designing
public policies and programs, and
3) allocating resources in an efficient and
equitable manner.

The core of the program provides basic knowl-
edge & community and environmental sys-
tems; the social science concepts used to
describe them; and the methods and tech-
niques with which they can be analyzed,
planned, and changed. Students begin with
one introductory subject linked to either the
design or policy side of planning, plus three
social science subjects Introducing basic con-
cepts from the disciplines of sociology, political
science, and economlos. The two-subject se-
quence in planning and applied social re-
search then builds on these Introductory
subjects to develop skills in practical problem
solving. Students are also expected to
sharpen their analytic skills through both the
required statistics subject and the laboratory.

Student participation in departmental research
and public sector intemships Is an important
part of the program. Faculty members will help
students formulate, design, and undertake a
personal project synthesizing what they have
learned. The project may Involve a focused at-
tempt at analysis, or a report on a problem-
solving experience accomplished through a
fieldwork assignment or the result of a work-
shop.

Students are free to develop their own spe-
cializations in consultation with their advisors
or may select one of the three areas sug-
gested by the Department:

Environmental Plannirig serves students
seeking careers in managing and analyzing
the quality of the environment. Students may
subsequently become specialists in planning,
law, engineering, or other "environmental
professions" such as landscape architecture,
water resource management, and air pollution
control. This specialization examines the form
and function of natural and urban systems,
techniques for describing and evaluating envi-
ronmental change, approaches to analyzing
and implementing environmental policy, and
mechanisms for assessing the choices posed
by the environmental impacts of technological
advances.



Dopartment of Urban Studies and PIanning

Nsighborhood and Community Planning Bachelor of Solence In Planning
emphasizes the study of the built environment; Course IX - Option I
and technique, of describing, evaluating, and
guiding spatial and physical change. Students Degree requirements applicable to the Class
leam about Interactions between communities entering MIT In September 1980 (Class of
and the people who Inhabit them. They ac- 1990) and subsequent Classes:*
quire sidlis in defining needs and goals, In as- _

sessing altemative development pattems and General intut Requirement 17 subie
policies, and methods for Implementing
planned changes In urban areas. The special- scoence Requirement
Izatlon relates economic and political aspects Humanlt", Art, a Social Scienesn Requirment (d but
of development to planning methods and Itree Humanlis Ditrbuton subject can be saisfed by
theory. subje in fte Deptmentl Progrni]

Public Policy, Urban Management, and the
Law focuses on the nature of public Institu-
tions, the processes of policy formation, analy-
s and implementation, and research and

management techniques for planning and exe-
outing public policy. Subjects examine factors
that influence public choices - political and
economic interests, social structure, and value
considerations. Fieldwork and Internship sub-
jects give students experience which helps de-
velop sidils in analysis and management. This
speclalization prepares students for subse-
quent work in government, public administra-
tion and management, and law.

iea

s

U
Balence DIrbuton Requirement 
Laboratory Requirment (con be satned by
11.186 or 17.203 in t Deparnenal Program)

TOTAL Subjecft 17
PLUS

Deperaneal Program units

SM n en arw toNlowed by aN un, ad by
prerquna anycor(uueme I fts)
Requiad subiO : 10M114
Grop I: inirdulen
On* or Ith towing fno se*ol:
11.001 I"troducton to Urban Design and Development, 12
11.002 Introduction to Public Pokiy Anslysle and

Govemment Acton, 12
Group N: OWlal solenos
11.005 urban Social Structure and Proose, 9
11.007J Poliic and Public Polcy, 12
14.01 Economic Princoplas I, 9
Group : Planning and Applied social Reserch
11.003 Planning and Applied Social Research 1, 12;

11.007J, 14.01
17.203 Evaluation Research Laboratory, 12
11.1868 Soolal Research Mettod, 12
18.057 Computer Data Analyale Laboralory, 12
Group IV: senior Pro0
Senior Project (10-24 units)

Plumned stelveees:
A coherent electon of tva eubIsolt In planning and applied
eocial cience developed In conaultation with the students
departmental advisor. The sludent mut Include at lest one -
addlItonal social eclence eubject uch as 11.006J Urban
Economloe or 11.014J American Urban History i; at last 12
unite of approved LInlernship, fialdcrk. or workshop
experience; and at least three subject comprising an
approved area of specalo n (described in text).

Bachelor of Solenos In Planning
Course Xl - Option 2

This option, In cooperation with Civil Engineer-
ingls designed for students who want to
combine the sidlls of the two fields. Such pro-
grams concentrate, for example, on environ-
mental engineering, on transportation systems
related to land development, or on constructed
facilities and environmental planning. Other
combinations are possible.

The program is administered by a committee
of faculty representing the two departments.
Applications are made directly to this commit-
tee through either department. The committee
advises students on the choice of courses to
meet their study objectives.

This Is a combined degree. The diploma
names only the S.8. In Planning, but a letter
provided upon graduation by the Combined
Program Committee confirms the student's
participation in the program.

unit In osatetlProgram tha aloo wasusy the
General indAtuts Aequiremante (6746)

Unreetrioted 9s0lvee 72.42

Total UnIte Required for the B.S. Degree Usymnd the
General instdtute nequIrements 10

-The degree requiremente applicable to Classes that entered
MIT prior to September I06 are given at the end of the
_descripon cl the departments undergraduate program.

A computerrel~ed subject such as 1.00 Irtoduclon to
Computare and Engineering Problem Solving Is suggested as
one subject.
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koehelor of Balce In Planning
Course IX-Option 2

Degree requirements applcable to the Class
entering MIT In 1986 (Class of 190) and
subsequent Classes:*

Gsnad hitne noemenM 17 subjeeta

solence Revikrement
Humane, AMts. and Social S8O encoes
(one suJect cam be eatlaed by 1.01i in
Oepatment Programp
Sclens laltribulion Requrement (2 ub

Aeataed by 1.00 and 16.03 in the Des
taborm'y Requtre n

PL-US

n esenn Program

S

Bachelor of Soience In Planning
Course Xl- 3
Urban and Ruls Planning

Bashelor of Sclenoe in Planning
Course Xl-Option 1

In Developing Countrise Degree requirements applicable to Classes
that entered MIT prior to September 1986

This option provides training in urban studies (through the Clas of 1969):
and planning In the setting of developing
countries. It Is designed particularly for those Gn Totl 
students who come from developing countries
or who are preparing to work in such places. ce nuaement

the Students electing this option must take one of
6 the two introductory subjects offered by the

iots can be Department, the Urban Studies laboratory, and
vmnl Program] I the thesis; and a se of subjects In issues of

_1 regional development, and the politics, co-
TOTAL SubecM 17 nomlos, and social aspects of development.

Electives are chosen in conference with the
student's advisor and are Intended to developune a basic competence In analysis and planning
In some acanIf1n areas

Ae nanm beW e &V ed bY cI a unt
an by preqrwwe Many (cor "u Inue Oft)
Aqrd suba 72
1.00 InroduIon to CompuAre and Engineering

S Problem Solving, 12
.OJ Enginerng Aspect Eon Analysla 1

1.02 Opt n 'rheory on Engineering Applicaon,
12

1.03 Introduon to Poblt and Smtce for
Engineere, 12:1.02, 16.08

On$ of fae kiti Vt sr*aw e.
11.001 IntoduAon to Urban De@ign and Development, 12
11.002 intoducdon to Public Policy Analyale and

Govewrnent Acton, 12
PlA

18.08 Dlerenel Equations, 12; 18.02

Panned 5e11"M 72

SubjlcS wah anure bredth and depth
in the aea o -eaion (at least 10 unite)
Clvl Engineering eubjeoe (at leat IS units)
A epeclel tude POec or
the"whchrequ a ytl
or knowledge wthin the mope of
the joint progom (atleact 12 unt)

unne in 0 m Proran that aino atley the
Geral intbt equbaenente (56)

Unr erield Eloetives 72

Toal Unite Required for the s. Dogree soyo d the

'The degre requbrmente applcable to Classes that entered
MIT prior to September 106 are given at the end of the
decudpton of the departments undergraduate progran.

Up to 27 asddtonal unt of unroealded ~leAYve may be
oblalned it three d the planned elecnvee in te Depatmental
Program e deignated a the studenr' Field of

NonWed1ra1.n.
2
Suggested uiet- 1.16.

The major problem area foci available are
housing, transportation, and urban policy, but
arrangements can be made to combine work
In other departments such as Architecture,
CMi Engineering, Economics, or Political

Five-Year 8.U.-M.C.P. Option

MIT undergraduate planning majors may apply
for admission to the Department Master In
City Planning (M.C.P.) Program at the end of
their junior ,oar. Students accepted Into the
five-year program are exempted from the
undergraduate thesis requirement and receive
both the Bachelor of Science and the Master
In City Planning at the end of five years.
Admission Is limited to those undergraduates
who have demonstrated exceptional profes-
sional promise. More Information on the five-
year program can be obtained from the Direc-
tor of the Undergraduate Urban Studies
Program or the Chairman of the M.C.P.
Committee.

nie

6s
Le demnt Humanies, Art, a SocIal

ScIences RequWament can be sauted by
subect In the Destntal Program, plue
th'es Humanities letbulon oubicol tolaling 27

.Science Oltbeuton Reurement'
Laboratory Requireent can be
eatllled by 11-16or 17.203 In the

Depeboons Prog m

-Uyr nam beow ae rof by ova Unf,
and by pVerWAMW WRr (y upia* an Un
nequred subueot: 100-114
Group I: n1 dn

On# of ow ko, wg bm AAefe
11.001 Introduallon to Urban DsIgn and Developmenr 12
11.002 Inoducon to PlIc Polc Analys and

Government Action, 12
Group : Booilmees
11.006 Urban social Struolure and Prooese, 0
11.007J Polaeoand Public PoNcy, 12
14.01 EconomIc PrInolple 1, 9
GMoups IN: Planning and Applied soIa Heesroh
11.003 Pannmg ad Apped Sodal ReWeh 12;

11.007J, 14.01
17.203 Evaluanon Reearch Laboratory, 12
11.188 social Reeearch Meoda, 12
10SA7 Comer Data Analysis Laboratory, 12
Garou W: senior Proleot
Senior Prolet (10-24 unt)

Planned Electhres. at load 45

A cohrent selection or fve subects
In planning d applied acai eclence
developed in oonsalicon wNh the

"udWe, deartna dvlaor. The atudent
muat Include at Weaal one addta
soacil cence eubject such as
11.006J Urban Economics or 11.014J
Amerclan Urban Hietory i;
at Weat 12 unte of approved Intemahip.

idwork, or wodkhop orance; and
at leas tre aubjets comprleln an
approved area 01 sp Ide e in text).

unrenvtd Weotve W-11

Total Unite nequied for the 5.5. Degree 910

A computer-related aubject such a 1.00 Initrducllon to
Compuler and Engineerng Problem Solving Is auggeeted a
one subieft
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Graduate Study

Bahelor of Solence in Plansing
Course XI-Option 2

Deree requirements to Classes that entered
M prior to September 1986 (through the
Class of 198g):

Gea l iedts RequIrements TOMa Unnhh

oience eqUrement so
Humedun, Me, and SoalW
Sciences Reqrement can be sauined
by 1.o1Jin h Depamental program
Ou approrlate 8uii0e0 t
SdcIc 1o~ibon Requiremn
can be atWfe by 1.00 wid 16.08
in Me Depwmenel Progran, plus

appropriale subjecls totaIng 12
tborstory equrement' 12

es1 ebea Preprm

Subecr names beowe I a d by rev uns.
and by prerequwee den o reuee in aus)
Nquitd subee 72

1.00 Introduction to Computers and Engineering
Problen Solving. 12

1.01J Enginering AspeS of Economic Anayos, 12
1.02 Optlmirsalon Theory on Enginering Appation,

12
1.03 Eroducon lo Pr1 bbtyand Stati for

Enginers 12; 1.02,18.3
One of" lwn Moo tca S U W ONbc:
11.001 Itroducllon bo Udba DesPg and Development, 12
11.002 intoduc"o 11o Pubic Policy Analysis end

Government Acton, 12

18.03 DOlferential Equations, 12 18.02

Planned Iluee at 1et 73
including:
su-eft which assure breadth and depth
in me ses of spec-aation (at least 18 units)
Civ Enginering subiects (at least 16 unIts)
A special sudies projmet or
thes whih requires a syntiess
of k dge withi De loops of
9e Jom progr m e (at est 12 wift)

unreertaeted l sl ve at las

TOW Units Requred for the 5.S. ass no

Up to 27 aonal newt of unrestited elves may be
obtained It Oee of te planned elece in the Dspartmental

o , we dealsed n me studenre Fled of
Crcraon.
2
suggesled ublet- 11.155

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 administration all offer suitable
preparation. Applicants from other fields are
also accepted. Undergraduate preparation for
urban studies and planning usually differs from
that required for scientific degrees at MIT.
Further Information concerning academic
programs in the Department, admissions, and
financial aid may be obtained from the
Graduate Admissions Secretary, Room 7-333,
MIT (617) 253-2026.

Master in City Planning

The basic professional degree in th planning
field is the Master in City Planning (M.C.P.).
The Department of Urban Studies and Plan-
ning provides graduate education for men and
women who assume professional roles in pub-
lic and private agencies, in the United States
and abroad. The Department seeks to provide
M.C.P. students with the skills and specialized
knowledge needed to fill traditional as well as
emerging planning roles.

The two-year M.C.P. 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 analy-
sis and Institutional intervention. The Master's
Program Is recognized by the American Plan-
ning Association.

The M.C.P. program offers professional train-
ing mainly within the context of the institutional
processes and cultural values of more devel-
oped countries, and Is described in the follow-
ing 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 subse-
quent section on Master in City Planning for
Developing Areas. Because the M.C.P.IDA
program has a departmental admissions pro-
cess which explicitly takes into account educa-
tional backgrounds and professional
experience acquired abroad, applicants must
specify interest in the M.C.P./Developing
Areas option on their applicadon forms if they
wish to be admitted to that program.

A student's plan of study In the M.C.P. pro-
gram is set forth In a program statement de-
veloped jointly by the student and faut
advisor. The program statement describes the
purposes and goals of study, the proposed

schedule of subjects, 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 stu-
dent's progress.

Degree Requiremente. Students are ex-
pected to take a minimum of 30 credit units
each term (about three subjects) or a mini-
mum of 120 total units, In addition to the
thesis.

The Profeesional Core. Three subjects,
taught in conjunction with each other during
the student's first term in the Department, con-
stitute a "core experienbe" which we view as
central to the professional program. The core
subjects are:

11.200 Planning and Institutional Processes,
11.206 Core Practicum, 11.210 Political Econ-
omy for Planners, and 11.220 Quantitative
Reasoning and Statistical Methods for Plan-
ning, and are described In Chapter ViII.

it is possible to test out of 11.210 and 11.220,
(not 11.200); the exams also serve to diag-
nose students' own strengths and weak-
nesses.

M.C.P. students select an area of specialize-
tion by the end of the firdt semester, tailored
to individual students' interests. Special-
izations at the M.C.P. level include:

Environmental Design involves conceptualiz-
Ing and guiding changes in the spatial envi-
ronment. Work in this area at MIT Involves
acquiring knowledge about the interactions be-
tween peoplo and the settings they inhabit;
understanding the historical evolution of cur-
rent forms of settlement; leaming methods for
analyzing, programming, designing, and imple-
menting environmental change; anticipating
and coping with the Impacts of changes In the
form and functioning of human settlements;
and developing processes for regulating and
managing environments over time.
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Envinmentul Planning and Policy empha-
sizes the study of the legal, institutional, and
economic tools by which solsty conserves
and manages its environmental resources.
Substantive areas of concern Include energy
facility siting, pollution control, land use,
growth managemet and coastal zone man-
agement. Students examine the interactions
between built and natural systems, techniques
for describing and evaluating changes In envi-
ronmental quaity, approaches to environmen-
tal policy analysis, and mechanisms for
assessing the choices posed by the environ-
mental Impacts of new technology.

Community Development Integrates eco-
nomio, social, and political theories of devel-
opment with planning nielhods. Emphasis is
on community planning, Including the location
and organization of community services and
faclides; the Impact of housing, capital, and
labor markets on the operation of the local
economy; strategies for Intervening in neigh-
borhood income and employment structures;
analuisof current and aitmative policies to-
word neghborhoods; and the development of
new techniques for defining community needs,
assessing alternative policies, and Implement-
Ing planned change.

Regional Development Involves the study of
economic growth and locational change. Em-
phasis is on the production and distribution of
goods and services; job creation and employ-
ment processes; development finance, trade,
migration, and capital flows; techniques for
analyzing regional development; and the eval-
uaton of domestic, foreign, and Intemational
regional economic policies. Currently, spedial
attention is paid to domestic Issues and the
application of regional input-output techniques.

Housing and Real ltls Development fo-
auses on the planning and management of ur-
ban development, and cpeclally on the
design, location, and financing of housing.
Emphas is on analysis of the financial di-
mansions of real estate, public policies that af-
fetc housing conditiona and private
development, Incentives in the development
sector, land use regulations, and assessment
of markets and housing needs. Publio-private
partnerships for real estate development con-
struoton 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, which
is described In Chapter VI.

Teaching and research In Transportastion
Planning take place In several departmerits at
MIT. Coordination is provided by the Center
for Transportaton Studies described In Chap-
ter Vi. Topics of special interest include trans-
portadon systems analysis, transportation
policy studies, transportation technology as-
sesment, and the management of transporta-
tion enterprise. A number of faculty membrs
and students ar interested in the relationhhip
between transportation and particular prob-
lans, such as lonal development, urbaniza-
tion, and the p of commoditles. Work
spans developed and less developes coun-
tries.

All students are required to submit a thesls on
a topic of their choice. The Department en-
courages M.C.P. students to avoid the tradi-
tional perception of the thesis as
"minidiesertation," and to think Instead of a
clIent-orented, professional document, which
bridges academic and professional concems.
While most of the theasi work occurs during
the last semester of the second year, students
are urged to begin the process of defining a
thesis topl early in the second year.

Students In the M.C.P. Program are encour-
aged to integrate fieldwork aW intemehipe
with academic course work. The Department
provides a variety of Individual and group field
placements Involving varying degrees of fac-
ulty 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 De-
partment also sponsors a variety of seminars
in which students have an opportunity to re-
flect on their field experiences.

The HUD Intern Program, a special Federally
funded program for minority M.C.P. students,
provides tuition and fieldwork placements in
public and nonprofit agencies.

Master of City Planning/Developing Areas
Option

The requirements for this professional degree
program are similar to the regular M.C.P. pro-
gram. However, while the core and specialized
subjects of the regular program tend to em-
phasize practice in developed countries, the
M.C.P./DA program places greater weight
upon cultural and Institutional comparisons
and on the planning skills for regional and
area growth and development in Asia, the
Middle East, Africe, 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 apply to the regular M.C.P.
program.

As an alternative to the core subject, 11.200
Planning and Institutonal Processes, students
In the M.C.PJDA option are required to take
11.205 Planning Roles and institulions in De-
veloping Countries, 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 earler. For some
speclalizations under the M.C.P./DA option
(Indicated by a * In the following paragraph),
additional soonomics or quantitative methods
courses may be required after review of the
students prior course work and diagnostic test
results.

Possibiliies for specialization under the
M.C.P./DA option include: Planning Process
and Implementation, National and Sub-
National Area Development Problems and
Poiy, Regional Economic Theory and Plan-
ning,* Transportation and Urban infrastruo-
ture,* Housing Problems and Poly, Urban
Settiment Planning, and Urban Economics
and Public Fnance.* it is also possible to con-
struct specializations in environmental design,
real estate, and land management.

S1multaneous Maeer's Degrese In City
Planning and Architecture

Students who have been admitted to either
the Department of Urban Studies and Plan-
ning or the Department of Architecture are in-
vited to 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 aca-
demic year in the first degree program and are
considered during the spring admissions pro-
ceas. Normally, students are expected to meet
the core requIremcnts of both degrees, but
may submit a joint theels and count some
subjects completed for one degree towards
the other, thus decreasing the overall time re-
quired for the two degrees.

Double degree programs may include an Inno-
vative combination of work In any of the fields
of specalization of the two departments. They
may represent preparation for professional
roles which bridge the two fields or the defini-
tion of new roles which are needed but not yet
defined. Students pursuing dual degrees work
with advisors in both departments.
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S1ma1ltneeue Mestees Degrees In City
Planning and Tiepelation

Students who have been admitted to study for
the Master of City Planning or the Master of
Solenee in TransportaIon are invited to
poes for joint work leading to

In both fields. The detis of this
program are described in Chapter VI under
the Center for Transportation ties.

S1mulnleous Meeter's Der in Ct
Plmming and Rest tate

Students who have been admitted to the Mas-
ter of City Planning Program may propose
programs which include as well all of the re-
quired subjects for the Master of Science In
Real Estate Development. Information on this
program Is given under the School of Architec-
ture and Planning at the beginning of this
chapter. Students may submit a joint thesis
and count some subjects completed for one
degree toward the other, thereby decreasing
the overal time required for the two degrees.

Doelor of Philosophy

Students Wsekirsearch or teaching careers
In planning or urba udiso may apply for ad-
mission to the doctoral program. Admission
requirements are substantially the same as for
the Masters degree; however, more emphasis
is placed on academic preparation In the stu-
dent' proposed area of speclzation. We do
not require a M.C.P. or equivalent for admis-
sion for Ph.D. etudies.

The doctoral program emphasizes the devel-
opment of fundamental research competence,
and flexibty in the exploration of questions
which no single discipline can address. Stu-
dents work under the mentorship of a faculty
advisor. Tmay center their work on any
oubfeld In the Department of Urban
Studies and Planning has faculty expertise.

Recent establishment of the Center for Real
Estate Development at MIT opens new oppor-
tunities for doCtoral students to take advanced
work in real estate and particpate In the re-
sarch program of the Center, which brings
together faculty and students with adve
profeselonals In real estate development com-
penles. Specialized work is avaiable In such
fields as real estate finance, development poli-
cles, and relationships between the public and
private sectors in clty development.

After sucoseesful completion of a required first.
year doctoral Wand geneai examInations.
each Ph.D. must prepare a written
doctoral dissertation evideroing the oepacly to
do independent research. To be elgible for fi-
noncial aid, etudentsin the Ph.D.
must be registered for at least 0 units
each term.

Students must take oral nd written general
examinatons in two flelds: a broad Intellectual
disalpine (design, economie, mmnagement
onensoergoesear, orgnsto
cioology, plannpubio poliy ptos)

andthis lapplied (eiWron-
mental end natural resource policy, environ-
mental inAt environment, health policy.
housing real estaItw development, taor
and employment poiy, neighborhood com-
munity development nd negota-ion and dis-
pute resolution) Students must aleo make an
oral presentaion of their dissertadon proposal
to department faculty.

Doctoral candidates require two to four terms
of study In resldence before taking their exam-
Inatlons and beginning their dIssertatIons, al-
though the process may require up to six
terms, depending on prior preparation. The
Ph.D. requires completion of at least 160
credit units. Previous work at MIT or els.
where may count toward the degree. The gen-
oral requirements for the Ph.D. are spooed
In Chapter IV.

Interested and quaifed students can under-
take Joint doctora roams with the Depart-
ment of Political Science or the Department of
Economics.

Meer of Selenos in Urban Studiee mnd
Planning
The mslority of juato students In the De-

patetare Mewr of CRtY Planning
students or dotoral candidas. Undier sng
circumstances however, admisslon may be

nled to candidates eseltng the Master of
cdegree. The gsnerl requirements for

the S.M. are given In Chapter IV. For further
information conceing the SM. option, con.
tact the Department Head, Room 7-344.

Nondges Program

A lmited number of non-degree students are
admitted to the Department each term. This
epesit student statue is espocially deslgned
for mid-career professionals intersted in do-
veloping peMd skis, but it also is aval-
able to others.

Every year 10 to 12 women and men from
varIous parts of the United States are selected
to participate In the Coemunity Fellows Pro.
gram, a 10-month non-degree program which
seeks to expoes the Fellows to a range of po-
Nlo and ideological positions bearing on the

existence of people of color In America end
the development of their communities. The
Program promotes the belief that people of
color in America cannot achieve maximal eco-
nomic end political development without the
sharing end/or pooling of their talents, ldis,
and resources.

The Speoll Program for Urban end
RegIonal otudlee of Developing
Areas (Ptfuj provides an opportunity for a
small number of mid-career profelonals to
spend a year at MIT studying the problems of
urban qid regional change within a broad
context of national development. The majority
of students are from developing countries,
and SPURS offers participants the opportu-
nity to work with people interested in similar
problems.

Further information on these non-degree pro-
grams is avalable from the Department.
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School of Engineering
Aeronautics and Astronautics Materials Science and Engineering

(Course 16) (Course 3)
Chemical Engineering (Course 10) Mechanical Engineering
Civil Engineering (Course 1) (Course 2)
Electrical Engineering and Computer Nuclear Engineering (Course 22)

Science (Course 6) Ocean Engineering (Course 13)

In this age of accelerating technological ad-
vances coupled with increasingly scarce and
expensive resources, the profession of engi-
neering is occupying an increasingly important
role, both in creating the complex systems so-
ciety needs and wants and In ensuring that
these systems meet societal goals for the hu-
man environment. Never have the challenges
and opportunities for careers in engineering
been more exciting or more promising than
they are today.

Engineering is a creative profession con-
cemed with developing and applying scientific
knowledge and technology to meet societal
needs within physical, economic, human, polit-
Ical, legal, and cultural constraints.

The growing Influence of technology on all the
functions of society such as energy and natu-
ral 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 govemment.

The primary objectives of the School of EngI-
neering at MIT are to educate and prepare
men and women for leadership in industry,
govemment, and educational institutions; to
advance the knowledge base of the engineer-
ing professions; and to influence the
future directions of engineering education and
practice.

The educational programs in the School em-
phasize understanding of fundamental princi-
ples; facility with experimental, computational,
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 leaming 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 ap-
plications of concem in most of the engineer-
ing departments are energy supply,
conversion, and conservation; transportation
(air and space, ocean, urban, rail, and auto-
motive); communication and information pro-
cessing (including computer design and
utilization); manufacturing and processing;



47, "~ r 4 *4 ' 4ff !" '"

Ochool of Engineering l19

Engineering Internship
Program

constrution; materals and the extraction and
eingof natural resources; environmental

n; ga needing and No-
technology. The approximately 35 Interdepart-
mental centers, laboratories, and rams In
which the School Is Involved v the
mechaniams and faciitles for faculty and stu-
dents to undertake c orve research and
ege In educational r dealing with
thesand other nnta nary applcatons
of mportance to soct. y of these are
descorbed in Chapter .

Through Its departments and various Interde-
partmental groups, the School of Engineering
offers a wide variety of educational programs.
Large numbers of undergraduate studente
ofen enroll In some graduate subjecte, and all
students are strongly encouraged to partioi-
pate In a variety of research, engineering ap-
plications, and public service projects.
Together, these activities and Interactions pro-
vide a rich educational experience.

The School of Engineering offers formal grad-
usie degree programs In both the depart-
mental areas and a number of Interde-
partmental areas Including Biomedical Engi-
neeting, Environmental Studies, instrumenta-
tion, Operations Research, Materials, Mineral
Resources Engineering and Management,
Technology and Policy, and Management of
Technology. In addition, numerous other Inter-
departmental opportuniies exist at both the
undergraduate and graduate levels. With the
faculty and resouross of all the departments
available, the student Is able to develop a pro-
gram that satisfies his or her own Intellectual
and professional objectives. The student Inter-
ested In an Interdepartmental program will find
it helpful to study the departmental descip-
tions as well as to read the speolo sections In
Chapter VI coveting Interdepartmental -
tunieos that combine disclpi fr s
four other Schools with those of the School of
Engineerdng.

Un r due are awarded by the
dfprten choohe but can embrace

several Interdepartmental fields as well. Sev-
eral departments also offer "undesignated"

rees which lead to the Bachelor of Science
departmental designation. The our-

riouls for these programs offer students oppor-
tunitles to purtue programs of studies which
are broader than could be accommodated
within a normal four-year departmental
program.

Most undergraduate departmental degree pro-
grams in t School are aoreded by the Ao-
oredation Board for Enineet and
Technology. However, given their more gen-
eral nature, accreditation has not been sought

for any undesignated degree programs. Hold-
era of an acoredItedpogram degree can gen-
erally take examinations for professonal
registration with fewer years of experience
than holders of unsocredited or non-engineer-
Ing program degree. Also, an accredited de-
gree may be qrd for cortain .As the
situation varies markedly from =0dto ld,
students should discuss the question of so-
creditation with their faculty advisor when con-
sidedng undesignated degree programs.

For undergraduates, the first-year curriculum
encompasses study of physics, chemistry,
mathematics, and humanies/solal sciences,
while still offering students many opportunities
to make contact with engineering through un-
dergraduate seminars, research opportunities,
and eleotive subjects. In the second year, stu-
dents typically continue theee studies with
sy~sbets leading toward the fulfillment of the
Science Distribution; Laboratory; and Humani-
des, Arts, and Social Sciences requirements.
An undergraduate student normally becomes
affiliated with a particular department as eady
as the beginning of the sophomore year, and
from that time on works closely with an ad-
visor from that department or program. Alter-
natively, 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 engi-
neering Is encouraged to become Involved
with one of the engineering departments even
during the freshman year, for example,
through the Undergraduate Research Oppor-
tunitles Program or the Undergraduate
Seminar Program.

Many opportunities exist for Individual Iniia-
tives. For example, significant numbers of stu-
dents find it possible to combine their primary
undergraduate degree with a second under-
graduate degree in another area, such as

poliial science, oonomloa,
one the solences, or another area of engl-
neeing. Others organize their programs so as
to receive undergraduate and graute de-
grees simutaneously. Completion of the un-
dergraduate degree requirements In lees than
four years is also possible In some cases.

The School also offers an extensive program
In sentinuing education through the Center
for Advanced Enineeing Study. its goal is to
Improve the capabiHties and effectiveness of
practicing engineers. Prioty is given to ad-
vancing the ats and sciencs fapploatons,
rather than remedial Instrucion, In both technI-
cal and mengeI~n areas. Purher
detais on Interdepartmental program may
be found In Chapter VI.

The Engineedg Intemship Program is nation-
ally rnlad for Its excellne.o it combines

on-campus academic programs wih
off-campus work experence In Industry and
govemment. Such experience can be an Im-
portant aspect of a sound engineering educa-
tion and can also help students maim more
Informed choloes among the on-campus edu-
cational offerings, as well as obtain a better
understanding of career opportunities available
to them after graduation.

The neeng Internship Program is similar
to the -A Intenship Program In the Depart-
ment of Electrioal Engineerng and Computer
Solience.

Emphasis is placed on ensuring that students
In the program are placed In rewarding "real-
world" company assignments that extend the

amin expedience into aras that are not
avalable at MT. Ther Is xtensv faculty
participation and advising In both the on- and
off-campus components of the program.

The Engineerintemshlp Program is de-
signed principally as a joint undergraduate and
graduate program that leads to the simulta-
neous award of the 8.5. and S.M. In an engi-
neering department upon successful
completion of all degree requirements.

Programs have been established In the De-
partments of Aeronautics and Astronautios
(XVI-C), Civil Engineering (I), ElectiEal
nearing and Computer Science (VI),
Science and Engineering (1Il-B), Mechanical
Engineering (Il-B), Nuclear Engineering (XXII-
A), and Ocean Engineering (XIII-C).

Program Derpton

The followI general description is typical of
most p departments. Please sea
the isting In th appropriate department for
unique featres o each program.

Students normally enter the program in the
summer after their sophomore year at MIT.
Sophomores In good standing in the School of
Engineedng 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
ment a .Work assignments of
months duration each occur afer the stu-
dent's second year at MIT and one after the
third year. During the first term of te fourth
year, a student piles to the department for
admission into the graduate program. ft
those students who are accepted lo the grad-

I
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School-Wide Electives

usts program, there Is one additional work as-
signment of seven months' duration after the
fourth year. Additional or substitute work as-
signments are possible.

For those students who are not admitted to
the departmental graduate program or do not
continue on to graduate school forother rea-
sons, the Internship Program will terminate at
the end of the spring term of the fourth year at
the S.B. level.

Students who are accepted to the graduate
program will often do a combined S.B.-S.M.
thesis on e topic related to their work assign-
ment. Usually, for such a thesis, the research
will be performed primarily in-plant during the
final work assignment, under the combined
supervision of company staff and an MIT
faculty member.

Students are paid during their periods of resl-
dance at the paricipating companies and
should expect to receive a travel allowance.
There are no obligations on either side regard-
Ing further employment.

Further Informatlon on the program may be
obtained from the department of registration or
from John R. Martuccelli, Director, Engineering
Internship Program, MIT, Room 1-211, Cam-
bridge, Massachusetts 02139, (617) 253-8051.

The School of Engineering offers a set of
School-Wide subjects, each of which is of In-
terest to students from a number of depart-
ments In the School. A School-Wide subject
may: 1) Integrate knowledge from several dis-
ciplines and Illustrate the commonality of the
intellectual underpinnings of the departments
In the School of Engineering, 2) be at the In-
terface between the academic program of the
School of Engineering and the programs of
other Schools at MIT, 3) be a service subject
to ineerng stidents and other students,
and 4) be germane to many engineering stu-
dents, without being central to any one depart-
mental program. A list of current School-Wide
Electives follows. Please note that egistration
for these subjects takes place through one of
the departmental numbers. Subject desorp-
tions may be found at the end of the subject
description chapter of this catalogue.

Computer Models of Physical and Engi-
nesring Systems U(2) SD
1.12, 2.101, 3.05, 10.11, 13.51, 16.008,
22.006

Engineering Risk-Seneit Analyels (A) G(2)
1.155, 2.943, 3.577, 6.938, 10.816, 13.621,
16.794, 22.82

Engineering Systems Analysis (A) G(1)
1.146, 2.192, 3.56, 13.62, 16.784, 22.621

Entrepreneurship G(2)
2.942, 3.566, 6.936, 10.801, 13.78, 16.672,
22.86

introduction to Technology and Law U(1)
1.165, 2.996, 13.97,16.792, 22.065

Inventions and Patents U(1)
3.172, 6.901, 16.673, 22.084

Management In Engineering U(1)
2.96, 6.930, 10.806, 13.52, 16.993, 22,002

Nuclear War: Threat and Avoidance U(2)
HAN
6.934, 8.208, 13.91,16.994, 17.465, 22.003,
STS 58

Nuclear Weapons and Arms Control: Tech-
nology and Polocy leause G(1)
6.932, 13.93, 16.995, 17.486, 22.841

Offce of the Dean
Gerald Loomis Wilson, Sc.D.
vannevar Bush Profsasor
Professor of Electrical and Mechanical
Engineering
Dean

Jack Leo Kerrebrock, Ph.D.
Richard Coolbum Maclsurin
Prolesor of Aeronautlos and Astronauds
*--lc: Dean

Eric Johnson, S.B., M.S.
AssIstant Dean for Resource
Development

Donna R. Savicki, B.S., M.S.
Asilstant Dean for Administraton

John Ronald Martuoceill, S.M.
Director, Engineering Intemship Programn

School Profeseors Without
Departmental Afflilation

Judah Leon Schwartz, Ph.D.
Professor of Engineering Science and Education

Nicholas A. Ashford, Ph.D.
Associate Profeor of Technology and Poly

Lawrence L. Bucclarelll, Ph.D.
Amoae Professor of Engineering and
Technology Studies

James M. Utterback, Ph.D.
Anociate Professor of Engineering
Direclor, Industrial Uaison Program

Professors beDtiN

Alfred Adolf Heinrich Kell, Dr.Rer.Nat.
Professor of Ocean Engineering, Emeritus
Ford Professor of Engineering, Emeritus

Myron Tribus, Ph.D.
Professor of Engineering, Emeritus
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Department of Aeronautics
and Astronautics

Eugene Edrds Covert, Sc.D.
Proessor of Aeronautics and
Astronautis
Heed of the Department

Pte%"mr

Judson Richard Baron, So.D.
Profecsor of Aeronautios and
Astronautics

John Dugun4l, So.D.
Prolfssor of Aeronautics and
Astronautics

Shaoul Ezeldel, 60.D.
Professor of Aeronautics and
Astronautics and Electrical
Engindg

Edward Marc Grsllser, Ph.D.
Professor of Aeronautics and
Astronautic

Norman Douglas Ham, Go.D.
Professor of Aeronautics and
Astronautics

Walter Mark Holllr, 8c.D.
Professor of Aronatics
and Astronautics

Karl Uno Inprd, Ph.D.
Professor fAeronautics and
Astronautics and Physics

Jack Leo Kerrebrock. Ph.D.
Richard Cockbum Maclauin
Professor of Aeronautics and
Astronautics
Associate Dean, School of
Engineering

Mauden Teodor Landahl, TeM.D.
Proasor of Aeronautics and
Astronautics

Jean Frangols Louis, Ph.D.
Professor of Aeronautics and
Astronautics

James Wah Mar, Sc.D.
Jerone Cark Hunsaker
Professor of Aerospace
Education

Winston Rosos Markey, Sc.D.
Professor of Aeronautics and
Astronautcs

James EUlot McCune, Ph.D.
Professor of Aeronautics and
Astronautics

Ero Morton Murman, Ph.D.
Professor of Aeronautics and
Astronautis

Amedeo Rodolfo Odoni, Ph.D.
Professor of Aeronautics and
Astronautics and CI
Engineering

Theodore Neueh-Huang Plan, Sc.D.
Professor of Aeronautics and
Astronautics

Robert Warren Simpson, Ph.D.
Professor of Aeronautics and
Astronautics

Leon Trilling, Ph.D.
Professor of Aeronautics and
Astronautics

Wallace Earl Vander Velds, S.D.
Professor of Aeronautics and
Astronautics

Harold Yehuda Wachman, Ph.D.
Professor of Aeronautics and
Astronautics

Shella Evans Widnall, S.D.
Abby Rockefeller Mau:e
Professor of Aeronautics and
Astronautics
(On leave)

Emmett Atles Wilmer, Sc.D.
Professor of Aeronautics nd
Astronautics

Laurence Retman Young, Sc.D.
Professor of Aeronautics and
Astronautics

AssoaLe Professere

Edward Francis Crawley, Sc.D.
Associate Professor of Aeronautics
and Astronautics

Alan Harry Epstein, Ph.D.
Associate Professor of Aeronautios
and Astronautics

Joseph Haralambos Hartionidla, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Paul Alfred Lagace, Ph.D.
Associate Profeseor of Aeronautics
and Astronautics

Manuel Mardinez-Sanchez, Ph.D.
Associate Professor of Aeronautics
and Astronautics

Bruce Koppen Walker, S.D.
Associate Professor of Aeronautics
and Astronautics

Assistant Professr

David Lee Akin, S.D.
Assistant Professor of Aeronautics

Steven Robert Busoler, Ph.D.
Charles Stark Draper Assistant
Professor of Aeronautics and
Astronautics

Mark Drea, Ph.D.
Asosatant Professor of Aeronautics
and Astronautics

Antonlo Luis Eliss, Ph.D.
Boeing Assistant Professor
of Aeronautics and Astronautics

Michael Bryce Glies, Ph.D.
Charles Stark Draper Assistant
Professor of Aeronautics and
Astronautics

Steven Ray Hall, Ph.D.
Boeing Assistant Professor of
Aeronautics and Astronautds

Robert John Hanaman, Jr., Ph.D.
Esther and Harold E. Edgerton
Assistant Professor of Aeronautics
and Astronautics

Daniel E. Hastings, Ph.D.
Assistant Professor of Aeronautics
and Astronautics

Lena Valavani, Ph.D.
Assistant Professor of Aeronautis
and Astronautics

Andress Hubertus von Flotow, Ph.D.
Assistant Professor of Aeronautics
and Astronautics

Adjunct Profesore

Richard Horace Battin, Ph.D.
A4unct Professor of Aeronautics
and Astronautics

Rudrapatna V. Ramnath, Ph.D.
Adjunct Professor of Aeronautics
and Astronautics

Senior Leturers

Saul Sigmond Abarbanel, Ph.D.
Chades Oswald Cary
William Reds Hawthorne, Sc.D.
Robert Channing Seamans, Jr., Sc.D.
John Regnier WIley, S.3.

Lecusr

Paul Jon Cefola, Ph.D.
John Jacob Deyst, Jr., 60.0.
Donald Charles Fraser, S.D.
Betay Gidwitz, Ph.D
John Hevorks, 60.D.
Henry Herbert Kolm, Ph.D.
Stephen James Madden, Jr., Ph.D.
David Redding, Ph.D.
John Stanley Binldwim, B.S.
Nawal Koshore Taneja, Ph.D.
John Pascal Vinti, S.D.
Leonard Stephen Wilk, M.S.
Joseph Yamron, 6.3.

Teelnial Instruetors

Allan Ralph Shaw
Edward Donald Weiner, A.S.E.E.

Adenistraie Offloor

Helen Robbins Rains

Adminstiv tff

Phyllis A. Collymore, A.A.
Anne M. Maynard
Elizabeth Zoto, B.A.

Senior Research Engineer

Charles McMaster Oman, Ph.D.

Resesrch Assoates

Robert David Bruen, M.S.
Robert Halmes, M.S.
James Francis Nash
Albert Thomas Supple, Jr., A.E.E.
Choon SoW Tan, Ph.D.

Research EnIners

Raymond Anthony Ausrotas, M.S.
Frank Herman Durgin, E.A.A.
Dennis Francis Xavier Mathaisel,
Ph.D.
John Demetrios Parares, Ph.D.

Resserch Spelsilate

Paul H. Bauer, 3.8.
Anne LaVin, B.S.
Robert Lee Renehaw, B.S.E.E.
Anthony John Soetreto
Cad Francis Vamedn, B.S.

Resero Staff, Adminletr

Ping Mal Lee
Holly Esther Rathbun, A.S.
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,n ZhWO B.S.
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Yao Taku, S.D.
Praoso of Aefrnalc OW
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Seno Loaw

Weler McKay, S.M.
Professor of Aeronautes and
Aebonmuos, Emeditus
Amni Hamwt Mi, , MA.
Profeeso of Aerona lc and

Soador Loll

The objesdves of he Deparment of
Aeronautis and Aetronautl are to provide a
broad edSaona In ot phioophy, approach,
and disclinee of aeoepce enginedring, an'd
to conduct research at the forefrorts of a wide
range of technologlee citdal to the future de-
velopment of arospace.

The aeroepace community Is unueual in Its
emphasle on advanced technology, and in Its
reeponibilty for large complex vehialee and
systems which demand uniorm exceleno in
engineerng and management continualy
seeka to advance basic understanding of a
wide range of lphenonena, to con-
calve new osand syateme based on hile

wdestanding, and to carry them through the
development procses to prectal use. it en-
compassee a wide range of talent, from basic
researchers to managers of organizatone em-
ploying thousands of engineers.

The MIT Department of Aeronautis and
Astronauts ls equay unusual in ts commit-
ment to providing educaton for and aosas to

tile broad range of oppotunilee in aerospae
engineeringits. Nucce in this endeavor IW in-
dioted by te lrge numbwes of it alumni
who ae senlor managers in goverment and

in major aereae firma, or in the forefront of
basic research in the engineering sIoencee.
The extensive involvement of Its faculty with
govemment and industry is a further measurs
of the Department's central ole in the aero
spea commiity.-

The asroepace vehicle - be It a helcopter,
commercial transport, satelite, or apace shut-

do - providee a focus for ma s of

ment deal, Its t n d re-
search *Anles, the vehicles w t
transportatmn systems of whlh they are key
elements modvate and coordinate the instru-
ton and resemh. The faculty is ale alert to
the appicatons of seroepece-dedved technol-
ogies to other than aerospace use, reeultng

In a myrad of coupings to the cienfo and
engineeing reseach communise.

At the undergraduate level, the Department
seeks to provide a broad intoducdon to aero-
space engineerng, together with thorough
basO educaion in aN of the disolpines cdtal
to aerospace. The departmental program com-
pdeeo: 1)Unfiled ng oan introductory
subject taught cooperatively a number of
senior faculty membera, coverng ad of the
basic discipinee in an interrelated format as
well s experimental and syste appraces:m
2) a cie of Adand Peqird Sues
and access to EleWes providing greeter
depth in each disolinary aes; and 3) the Ex-
peimental Project Laboratory, in which each

$~ of aqkft-"
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Undergraduate Study

student conceives and executes an individual
experiment. In addition, undergraduates are
encouraged to become Involved In the re-
search activities of the Department through
the Undergraduate Research Opportunities
Program. Research opportunities are outlined
under Graduate Study.

The graduate teaching and research activities
of the Department are strongly interwoven,
since the graduate subjects evolve from the
research and professional Interests of the fac-
ulty and In turn serve to Introduce students to
the areas of active research. Teaching activi-
ties are Informally organized into six Divisions
of Instruction: Mechanics and Physics of
Fluids; Structures, Materials, and Aeroelastic-
Ity; Propulsion and Energy Conversion; Instru-
mentation, Guidance, and Control; Biomedical
Engineering; and Aeronautical and Astronauti-
cal Systems. Research is conducted in several
Departmental Laboratories, each of which Is
described briefly in the section on Graduate
Study. In addition, the Department maintains
close interaction with the Charles Stark Draper
Laboratory. 0

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 cur-
ricula provide flexibility to meet the needs of
professionals in aerospace activities ranging
from fundamental research to responsible en-
gineering direction of large enterprises,

The required undergraduate curriculum pro-
vides a core around which the student can
build - either to become a practicing engi-
neer upon receipt of the S.B. or to continue on
to graduate studies in any of the specialties, It
includes: 1) a fall-spring sequence of subjects
called Unified Engineering l-IV, 2) a set of Ad-
vanced Required Subjects, 3) an Experimen-
tal Projects Laboratory, and 4) a Systems
Engineering subject.

Unified Engineering is offered in seta 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
analysis, empirical methods, and design. The
areas covered include statics, dynamics,
structures, fluid mechanics, thermodynamics,
propulsion, control, and systems engineering.
Several laboratory experiments are performed
and a number of systems problems which in-
terrelate the disciplines are included.

Unified Engineering is usually taken in the
sophomore year; it fulfills the prerequisites for
a variety of Advanced Required Subjects and
Electives which deal more intensively with
subjects in the six main a-gas of Aeronautics
and Astronautics describedi in the introduction
to the Department. Altematk ely, a student
may take Unified Engineering in the junior
year, and complete the Departmental require-
ments In the senior year; this also provides a
well-rounded engineering education and excel-
lent preparation for graduate study.

The Advanced Required Subjects treat more
completely and in greater depth the material to
which the student is introduced in Unified En-
gineering and in the other basic required sub-
jects. To ensure adequate breadth of
preparation in each student's education, a dis-
tribution from among the undergraduate sub-
jects is required. For maximum benefit,
students should complete 16.02 and 16.54 be-
fore taking 16.84, or 16.20 and 16.53 before
taking 16.85.

Each student has the opportunity in the Un-
dergraduate Projects Laboratory (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 re-
quired. The written project reports are critically
reviewed for writing style and exposition by
faculty from the School of Humanities and So-
cdal Science.

The Systems Engineering subject requires
students, as a team, to pull together their un-
dergraduate education through the design of
an operating system such as a manned space
station or a vertical takeoff airplane.

To take full advantage of the unique research
environment of MIT, undergraduates are on-
couraged to become involved in the research
activities of the Department through UROP,
the Undergraduate Research Opportunities
Program. Many of the faculty actively seek un-
dergraduates to become a part of their re-
search team. Specific areas of research
opportunity are outlined under Graduate
Study. It also should be noted that the ad-
vanced undergraduate student, through careful
selection and scheduling of the elective free-
dom, can progress to graduate subjects In one
or more areas of interest.

The Department recommends 1) that 3.091 be
used to satisfy the institute Chemistry Re-
quirement, 2) that an introductory digital com-
puting programming subject such as 1.00,
2.10, or 6.001 be taken as early as possible,
and 3) that 21.780 Scientific and Engineering
Writing be taken as part of the Humanities,
Arts, and Social Sciences Requirement.

Any one of several programs leads to the de-
gree of Bachelor of Science in Aeronautics
and Astronautics, and all are accredited by the
Accreditation Board for Engineering and Tech-
nology. If desired, the student may request an
unspecified degree, Bachelor of Science. This
degree is not so accredited,

Program 1 Aeronautical and Astronautical
Engineering. Program 1 is appropriate for
students desiring a broad exposure to aero-
space engineering in the normal four years of
residence at MIT. The required subjects may
be supplemented with additional advanced un-
dergraduate subjects or graduate subjects ac-
cording to individual interests. Further details
on concentrations In the six main areas of
Aeronautics may be obtained from the Depart-
ment.

123Department of Aeronautics and Astronautics
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Sasito of Iesees In Aeronautles
ami Astronaulei
Course XVI

m Aronvseel and Asronautlo

egee . q mentsaPl l to the Clae
entering i September 196 (Class of 19g)
and UW. .quit classus:*

eeDain b.e tenSeh~SSe 1? Dlae

,oeneene so.
Humni s, Arts, and oil omncs

iM110 01 un isqmunment ali an
be eiid hm aumng 6.071, M.06,1.06, mId 16.001 i
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The cooperave program in Aeronautics and
Astronautics provides undergraduates the op-
portunity to participate In profesional activities
in an aerospace organization for about seven
months before the senior year. The program
penils completion of requIrements for ON
Bachelor of Silence degree in four years. Stu-
dents in this program become regular employ-
use while workdng In the company, and are
paid at prevaling rates.

Interested students should contact the profes-
sor in charge for detalis and an interview;
also, students should arrange a schedule with
their faculty advisor which permits an absence
from MIT during the second term of the third
year. One summer at MIT usually Is neces-
sary.

The ourrioulum requirements for this degree In
Course XVI-B are the same as for Course XVI
with the addition of required registration for
16.80 Industrial Prace during the plant work
period, In plece of eight units of elective.

Meodn itenship Progran

The Department of Aeronautics and Astronau-
tics participates in the Engineering internship
Proarm (EIP) administered by the School of
E ,v it Is intended as a five-year joint

.- p.M. rogram which features perods of
work at a participating company alternating
with of study at MIT. See additional

discussion of this program in the In-
troduotion to the School of Engineering.

Interested students apply for participation in
EIP during the spring term of their sophomore
year. Once a seleidon is made and aocepted,
both the Student and the company agree to
coninue that ausocation to completion of the
Program.

The student ens six units of credit for each
of the two undergraduat work periods by r-,
Waring for 16.801. The student also eiMe 1
units fadu oredit through registraion
for 1640 during the work period as a gradu-
ael student. The following spring and summer
terms he or she usually Is required to be at
MIT to complete the subject requirements and
the thesis report. The Bachelor of Science and
Master of Science degree are then awarded
simultaneously.

The work experiences provided under Course
XVI-C are the same as for Course XVI with
16.801 (twice) used as 12 units of elective.
For further Information, please s the Depart-
ment EIP Coordinator.

Double Degree Program

Students may pursue two 5.8. degrees under
the Double Degree Program outlined in Chap-
ter Ill, In particular, some students may wish
to combine a professional education In Aero-
naudos and Astronautics with a liberal educa-
tion which hinks the development and practice
of science and engineering with their social,
economic, histodial, and oultural contexts. For
then the Department of Aeronaudos and
Astronautics and the Department of Humani-
ties In cooperation with the Program In Sol-
ence, Technology, and Sooity offer a double
degree program which combines majors In
Course XVI and Course XXI. A detaled de-
scription of that Integrated degree program will
be found under the descdpton of the Program
In Science, Technology, and Society.

For additional information conceming aca-
demic and research programs In the Depart.
ment, admissions, suggested four-year
undergraduate programs, Interdiecipinary pro-

grasfinncal id el.,ples wdlts to the
DparmeniofAronaudo and Astronautis
Undergraduate Office, Professor Emmet A.
Wilmer, Room 33-208, MIT, Cambridge, Mas-
sachusets 02138, (617) 23-2279.

a1helor of Solence In AeronauNNs
i Astronuile

Course XVI
Aeronautial and Astronauiseal

Degree requirements applicable to Classes
that entered MIT prior to September 1966
(through the Classe of 1961):
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Graduate Study

Bachelor of Science Itn Aeronautics
and Astronautics
Course XVI
Program 2 Aeronautical and Astronautical
Engineering: Avionlos Option

Degree requirements applicable to Classes
that entered MIT prior to September 1986
(through the Class of 1989):

Generam Insttute "squlrements Total Unite

Solence Requirement 60

Humanities, Ats, and Social Scienes7
Requreen 72
Science Distribution Requirement can be
satisfied by 0.002, 8.03, and 16.001 In the

-altrnental Program.
Laboratory Requiremnt can be satisfled
by either 6.111 or 16.622 In the Departmental
Prorm.

DeSPnutm Pren

BSiect names below ams ibiwed by crecl unt,
&nd by prequiallse If an (bWauists In IW-ic)
Seals Nequred subjefts: U or 102
6.002 Circuits and Electronics, 15; 8.02, 18.07

One of the nwng two ube*&:

.012 Electronic Devices and Circuits, 12:.002, 8.02
6.003 Signafs and System, 15;:6.001, 6.002

6.05 Physics 111, 12; 8.02
16.001 Unified Engineering I, 12; 8.01, 18.03
16.002 Unified Engineering II, 12; 8.01, 18.03
16.003 Unified Engineering Ill, 12; 16.001, 16.002
10.004 Unified Engineering IV, 12;16.001, 16.002
15.06 DifferentIal Equations, 12;16.02

Advanced Required Sublects: 1?
6.111 Introductory Digital Systems Laboratory, 12; 6.002*

one ofte follwng nec suelecte:
6.301 Solid State Circuite, 12: 6.012

16.61 Mirocomputer Laboratory, 12; 6.002*, 2.10
one of the foatwkg erm auMta :
16.02 Aerodynlce. 12; 16.004
16.06 Molecuar Gas Dynamics of Space and Re-entry,

12; 16.004
16.20 Structural Mechanies, 12; 16.004
One of the eok*g two ul"a:
6.302 Feedback System, 12; 8.003

16.30 PrincIples of Automatic Control, 12:16.03

16.40 PrIncipie of Flight Guidance, 12; 16.30-
16.621 Experimental Projects I, 3; 16.004
16.622 Experimenlai Projects 11, 12; 16.821
One of the nlowng neo sLacb:
16.64 Flight Vehicle EngineerIng, 12; 18.02'
16.85 Space Systems Engineering, 12;16.20

unrietltd lsetl e 50

Total Unt neured for the LI.. Degree 375 or S1

dAtesmete p. qse ae also Ratd in t subject

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 de-
partments and schools at MIT. Degrees are
awarded at the Master's, Engineer's, and Doc-
toral levels. The range of subject matter avail-
able 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
Department are informally organized Into
six Divisions: Mechanics and Physics of
Fluids; Structures, Materials, and Aero-
elasticity; instrumentation, Guidance, and
Control; Propulsion and Energy Conversion;
Biomedical Engineering; and Aeronautical and
Astronautical Systems. Research Is conducted
In a number of research laboratories. A faculty
member Is typically Involved In teaching grad-
uate and undergraduate subjects in one or
more of the Divisions, and in conducting re-
search In one or more of the Departmental
Laboratories or at the Charles Stark Draper
Laboratory.

Mechanics and Physics of Pluids. Fluid me-
chanics Is an essential discipline for diverse
fields of engineering which are concemed with
material, energy, and Information transfer and
its consequences. The principles of fluid me-
chanics 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 trans-
portation 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 Fluid Dynamics Labora-
tory Is on the development of improved algo-
rithms and their application to extemal and
intemal flow fields. Emphasis in the Fluid Dy-
namics Laboratory is on turbulence structure
and flow stability. The Molecular Beam Labo-
ratory employs techniques which examine the
nature of Interactions between the environ-
ment and vehicle surfaces. Rotary wing aero-
dynamics and noise are Interests of the
Helicopter Rotor Acoustics Laboratory. The
Center for Aerodynamic Studies is concerned
with the complex viscous flow about complete
flight vehicles. Several laboratories operate
wind tunnels. The Wright Brothers Facility is
used for airfoil and nacelle research, rotor

wing dynamics, aircraft development, and the
simulation of wind loads on ground structures.
An acoustic tunnel is equipped with an an.-
choic chamber for noise research on conven-
tional and VTOL aircraft. A low-turbulence
tunnel provides test channels particularly
suited for transition and turbulence Investiga-
tions as well as airfoil study. In addition, sev-
eral small open circuits are available for fluid
mechanics research and configuration tests.
All laboratories have access to several inter-
active computation systems and to experimen-
tal equipment serving their purposes.

Structures, Materials, and Aeroelastloity.
The manifest importance of minimizing the
structural weight fractions of aircraft and
spacecraft has motivated the aerospace engi-
neer to create new structural forms, to develop
and exploit new materials such as the filamen-
tary composites, to invent new analytical and
numerical techniques for stress analysis, and
to aggressively pursue a better understanding
of catastrophic failures and longevity. These
advances have stimulated many non-
aerospace areas of design.

Research activities for students interested In
Structures, Materials, and Aeroelasticity are
centered primarily in the Aeroelastic and
Structures Research Laboratory, the Technol-
ogy Laboratory for Advanced Composites, the
Space Systems Laboratory, and the Gas Tur-
bine Laboratory. Facilities include vibration
equipment, two computer-controlled universal
testing machines, an autoclave for the fabrica-
tion of filamentary composite structural com-
ponents, a blast chamber which can contain
catastrophic failures, a large and a small
chamber for the simulation of zero-g structural
behavior, wind tunnels, and a blow down oom-
pressor facility for the study of turbine engine
aercolastoity. Research is being conducted on
the structural technology for high-performance
aircraft, commercial transports, general avia-
tion aircraft, and satellites. Other programs are
directed toward the structural Integrity of jet
engines, the propeller blades of the advanced
turboprop, and large space structures such as
for a manned space station. All of the re-
search requires the development of new ex-
perimental techniques as well as the
concurrent development of design methodolo-
gies utilizing analytical as well as finite ele-
ment methods.

instrumentation, Guidance, and Control.
Faculty members In this Division teach and
perform theoretical and experimental research
In control and its applications, navigation sys-
tems, instrumentation, estimation, lasers, digi-
tal systems, and other related topics.

ii.
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One focus for the activities of the Instrumenta-
tion, Guidance, and Control DMon Is the
Draper Laboratory which offers opportunities
for participation to students of US citzenship.
Many Department faculty and students are so-
tively Involved In research programs in this
laboratory on guidance systems and compo-
nents for all types of flight vehicles, Including
Inertial guidance, using the advanced facilities
of the lab for research on all phases of control
and guidanos. In the past this work has re-
suIted In the development of many flight vehi-

ole systems Including the Apollo spacecraft
navigation and guidance systems. Further de-
tall on the Draper Laboratory Is given in
Chdpter VI.

The Laser Systems Laboratory pioneers in the
development and application of laser technol-
ogy. Specific activities include: optical gyro-
scopes; optical frequency standards; ultra-
hlgh-resqolutlon spectroscopy and Interaction of
Intense radiation with atoms and molecules.

Other control-related research projects are
carried out In the Space Systems Laboratory
and elsewhere in the Department, with sub-
stantial focus on the control of large flexible
assemblies In space.

Blomedical Engineering. 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 ex-
pedments on Spacelab-1 to Investigate bal-
ance, adaptation to zero-g, and "space motion
sickness." In addition, it conducts flight simu-
lator studies on man In the loop, vehicle dis-
play and control, and air traffic control
research. The laboratory also works on bioin-
strumentation, physiological control systems,
and clinical applications of the aerospace sci-
ences. Activites include modeling of the hu-
man visual and vestibular system, flight'
simulation, cognitive leaming and work on di-
agnostic Instrumentation for diseases of the
eye and ear.

Propulslon and Energy Conversion. This di-
vision addresses, in teaching and research,
those disciplines and technologies of special
Importance to propulsion and energy conver-
slon. Subjects are offered in aircraft and
rocket propulsion, and In advanced energy
conversion. The Gas Turbine and Plasmadyn-
amlos Laboratory provides unique experimen-
tal and computational facilities for research on
fluid mechanics, heat transfer, and aeroelas-
ticity in turbomachinery, and for research on
space propulsion and power systems. Acdvi-
ties include theotecal and experimental study
of transonic compressors and stability of
compression systems, computatonal and ex-

peImental study of Intemal and external heat
transfer In turbine bladIng, advanced engine
controls, aeroelastrity of tors, electric pro-
pulsion devices, and MHD power generation.
The Laboratory has unique experimental facili-
ties for the study of turbomachinery In the
blowdown compressor, blowdown turbine, and
intemal cooing experiments.

Asronautical and Astronautial Systems.
The high levels of expenditure involved In the
development of aeronautical and astronaucal
systems, their complexity and dependence on
a variety of disciplines, and the high degree of
interaction among these disciplines have all
required the development of some method for
integrating the total system and the develop-
ment of formal analytical tools to optimize it as
a whole rather than by parts. From this need
has grown the concept of systems engineering
whose successful application to the space
program and to the analysis of transportation
systems has amply demonstrated its effective-
ness as an engineering tool.

The broad coverage of systems engineering
clearly implies that the responsibilities of the
engineer include far more than the design
synthesis and construction of devices and fa-
cilites. The engineer must be aware of the so-
cal implications of his or her work and design,
not only for maximum efficiency and safety,
but also for minimum disruption of the environ-
ment.

Students interested in working in aeronautical
and astronautical systems should place pd-
mary emphasis on a broad educational base
which should Include subjects in most of the
divisions described above. In addition the stu-
dent should obtain training in the disciplines
which support systems analysis, such as prob-
ability and statistics, operations research, eo0-
nomics, and computer science, and should
also maintain an awareness of the extemal
disciplines which help shape society, such as
economics, law, and the social sciences. Most
of this material would be obtained in the grad-
uate program, and undergraduate students
can become prepared for a more effective
graduate program by a judicious choice of
undergraduate elective subjects.

The research of the Systems Division is con-
ducted in the Flight Transportation, the Space
Systems, and the VTOL Technology Laborato-
des. The Flight Transportation Laboratory con-
ducts research in many areas of flight
transportation covering airline operations, air
traffic control operat ons, aircraft navigation

and guidance, airport planning, and the appll-
cation of advanced operations research tech-
niques to transportation systems. The Space
Systems Laboratory analyzes concepts for
space utilization and exploration, Including
space manufacturing, the design of large
space structures, and space transportation.

Entrance Requirements for Graduate mtudy

In addition to the general requirements for ad-
mission to the Graduate School, applicants
must have a strong undergraduate back-
ground In some of the fundamentals of aero-
space engineering and mathematics as
described in Undergraduate Study. Two terms
of advanced mathematics beyond 18.03 DIf-
ferential Equations or its equivalent are re-
quired either prior to, or as part of, all
graduate programs. Gaps In preparation can
be filled early in the graduate program.

New graduate students are normally admitted
as candidates for the degree of Master of Sci-
once. Admission requirements for candidates
for the Engineer in Aeronautics and Astronau-
tics are more rigorous and such admission is
ordinarily considered only after the candidate
has spent some time In residence at MIT. Ad-
mIssion to the Doctoral program is offered to
students who have been accepted for gradu-
ate study and have passed the Doctoral Qua-
fying Examination. The examination l usually
taken during the first year of graduate study in
the Department, but not later than the third
term. The examination seeks to measure the
candidates fundamental understanding of the
principles underlying aerospace engineering
and aptde for engineering research.

The Department of Aeronautics and Astronau-
tics requires that all entedring graduate stu-
dents demonstrate satisfactory English writing
ability by taking the Writing Diagnostic Exami-
nation offered by the Writing Program of the
MIT Humanities Department. The exam is
usually administered during the week after the
initial date of registration In Graduate School.
Those whose skills are found deficient will be
required to complete remedial training specif-
cally designed to fulll their individual needs.

In addition, foreign candidates whose lan-
guage of Instruction has not been English for
at least five years, must take the MIT English
Evaluation Test for Foreign Graduate Students
after registration. The examination is held In
early September and late January. On the ba-
ae of performance on this examination, the
faculty may prescribe remedIal courses in En-
glish offered at MIT.
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Master of Solence in Aeronautics and
Astronautics

The general requirements for the Master of
Science degree are cited in Chapter IV. The
specific Departmental requirements are: an
acceptable thesis, and at least 66 subject
units, typically In graduate subjects relevant to
the candidate's area of technical interests. Of
the 68 units, 42 units must be In "A" subjects,
of which at least 21 units must be In Depart-
mental subjects. To be credited toward the de-
gree, non "A" level subjects must carry a
grade of B or better. Full-time students nor-
maly must be In residence one full academic
year. Students holding Research Assistant-
ships will require a longer period of residence.

The Department requires two terms of ad-
vanced mathematics beyond 18.03 Differential
Equations, one of which must be either 18.075
or 18.065 or their equivalents. This require-
ment may be fulfilled either prior to or as a
part of the Masters program. The choice of
subjects In the area of major Interest and the
thesis topic are arranged Individually by each
student In consultation with a faculty advisor;
the program of study must have the approval
of the faculty advisor, who acts in behalf of the
Department faculty.

Master of Science In Technology and
Policy

Students interested In applying their
aeronautical engineering background to prob-
lems of policy and socioeconomic assessment
of technology may apply for the Interdepart-
mental Master of Science Program in Technol-
ogy and Policy. This program combines
subjects In advanced technology with subjects
In economics, systems analysis, political ad-
ence, and law and engages the student In sig-
nificant project work Integrating technology
and policy. General requirements and applica-
don procedures are described in Chapter VI.

Engineer In Aeronautics and Astronautics

The Program leading to the degree of Engi-
neer in Aeronautics and Astronautics Is of-
fered for students interested in a greater
breadth of graduate subjects than is normally
associated with a Masters or Doctoral pro-
gram, and les emphasis on research than re-
quired of Doctoral candidates. The minimum
study program of 162 subject units must in-
clude graduate subjects from each of the DM-
alone 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 normally are re-
quired for completion of this degree by a full-
time student.

Doctor of Philosophy and Doctor of
Baence

The general requirements for this degree are
given In Chapter IV. A candidate is admitted to
the Doctoral program upon passing the Doo-
toral Qualifying Examination. 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 full the
major and minor program requirements must
be approved by the committee. One foreign
language Is required and also must be ap-
proved by the student's committee. The candi-
date's mastery of the major areals tested by a
written and an oral General Examination ad-
ministered t' the doctoral thesis committee
after completion of the major subjects.

Demonstrated competence for original re-
search at the forefront of aerospace engineer-
ing Is the final and major criterion for granting
the Doctoral degree. The candidate's thesis
serves in part to demonstrate such compe-
tence, and on completion Is defended orally In
a presentation to the faculty of the Depart-
ment, which may then recommend the award
of the degree.

Interdisciplinary Programs

The graduate division of the Department par-
ticipates In several interdisciplinary fields
which are of special importance for Aeronau-
tics 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 Aero-
nautics and Astronautics are applied to biology
and medicine. Graduate study based on this
program may be pursued within the Depart-
mental program, the Health Sciences and
Technology S.M.-Ph.D. Program In Medical
Engineering and Medical Physics, or the Inter-
departmental Ph.D. program in Biomedical En-
gineering. At the Master's degree level,
students in the Department may specialize in
biomedical engineering, emphasizing quantita-
tive physiology, instrumentation and control,
and blostatistcs, or In man-machine systems
and engineering psychology and In instrumen-
tation and statistics. For a further description
of these programs, please see Chapter VI un-
der Biomedical Engineering. Most biomedical
engineering research in the Department of
Aeronautics and Astronautics Is conducted In
the Man-Vehicle Laboratory.

Flight Transportation. For students Inter-
ested In a career In flight transportation, there
Is available a program which Incorporates a
broader graduate education In disciplines such
as economics, management, law, and opera-
tions research than Is normally pursued by
candidates for degrees In Engineering. Gradu-
ate research emphasizes one of the fe area
of fght transportaton: Flight Vehicle Design
and ontrol; Airport Planning and Design; AIr
Traffic Control; Air Transportation Systems
Analysis; and Arline Economics and Manage-
ment, with subjects selected appropriately
from those available In the Departments of
Aeronautics and Astronautics, Civi Engineer-
ing, Economics, and the Center for Transpor-
tatIon Studles. A special Interdepartmental
program may be established for the doctoral
student (or participation In the Operations
Research Center Program may be considered,
se Chapter VI).

Fellawshipe, Reearch and Teaching
Asslstantshlpe

Financial assistance for graduate study may
be in the form of fellowships or research or
teaching assistantships. There are several on-
dowed and departmental fellowships which are
granted to students of exceptional promise.
The Department attempts to place a student In
a laboratory in which the r"arch activity is
closely related to the student's Interests. Both
the felowship student and the research assis-
tant work with a faculty supervisor on a spe-
cific research assignment of Interest, which
generally leads to a thesis.

Inquiries

For additional Information conceming aca-
domic and research programs in the Depart-
ment, admissions, interdisciplinary programs,
financial aid, asuistantships, etc., please con-
tact the Department of Aeronautics and Astro-
nautics Graduate Office, Professor H. Y.
Wachman, Room 33-208, MIT, Cambridge,
Massachusetts 02139, (617) 253-2260.

... ............... .............. ............. .......
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Department of Chemical
Engineering
(Course 10)

Undergraduate Study

Chemical engineedng is a broadly based dis-
cipline, having a deep Involvement with chem-
letry along with the applications of physics and
mathematics which are common to all engi-
neeing disciplines. In Its broadest sense,
chemical engineerng is the creative applica-
tion of chemistry to the solution of significant
problems. Chemical engineering Is maldng
substantial contributions to the development of
clean energy sources, to the provision of ade-
quate food supplies, to the recreation of
proper ecological balances, to the advance-
ment of medical/engineedring scince, 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 pro-
gram is accredited by the Accreditation Board
for Engineering and Technology and the
American Institute of Chemical Engineers. The
other program Is Course X-C leading to the
Bachelor of Science without specification,
which is not acpredited and requires less
study In formal chemical engineering subjects.

The Department offers a wide selection of
graduate subjects and research leading to ad-
vanced degrees in chemical engineering. Im-
portant subject areas Include fuels and
energy, polymer chemistry, surface and colloid
chemistry, biomedical oneft, biochemi-
cal engineering, chema process develop-
ment, transport processes, and environmental
engineering. Many of our curfent undergradu-,
ates find it attractive In the upperclais years to
take a variety of these graduate-level subjects.
This exposure is Invaluable in Identifying po-
tential independent research interests for the
student. Other students find these subjects to
be fruitful as terminal technical subjects prior
to moving on to work in teaching, govemment,
or management. Students interested In the
various areas of graduae ewdy in Chemical
Engineering should oansut the section on
Graduate Study which follows.

The School of Chemical Engineering Practice,
also described In detall in the graduate sec-
tion, involves one term of work under the di-
rection of Institute staff resident at the Practice
School Stations. There each student has a
unique opportunity to develop the ability to ap-
ply basic professional principles to the solution
of practical problems in Industry.

The undergraduate curriculum In chemical en-
gineering 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 con-
siderable latitude In arranging a selection of
subjects that best fits their needs. Those who
expect to go on to graduate school may there-
fore elect subjects which 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 accom-
plishments are not determined solely by tech-
nological competence; fully as Important are a
breadth of outlook and an understanding of
society. The curriculum provides a sound
preparation for going on to jobs in Industry or
government, and for graduate work.

Chemical engineering also provides an ideal
preparation for careers in medicine and re-
lated fields of health science and technology.
The Department's strong emphasis on chem-
istry 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
with their faculty advisor.

A departmental brochure gives typlcal four-
year programs and provides advice In choos-
Ing electives In chemistry and chemical engi-
neering. Undergraduates are encouraged to
take part in the research activities of the De-
partment. Freshmen who want an eariy initial
exposure to chemical engineering should take
10.01 Engineering Concepts end Computer
Methods.

Bachelor of SceW In Chemical
Engineering
Course X

The student who decides eariy to major In
chemical engineering Is encouraged to begin
taking professional subjects. For example,
5.11 Principles of Chemical Science, 5.12 Or-
ganic Chemistry 1, and 10.01 Engineering
Concepts and Computer Methods may be
taken In the freshman year. If the subjects
10.13, 10.14, 18.03, and the additional re-
quired chemistry course (5.13, 5.62 or 7.05)
are taken in the sophomore yew, the student
is in an excellent position for professional 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 dur-
ing the first two years. If the Science Distdbu-

tion Subjects chosen In the second year
Include 18.03 and two are In the field of fluid
mechanics, thermodynamics, chemistry, biol-
ogy, or chemical engineering, students can
generally complete the requirements for a de-
gree in chemical engineering in two more
years. Students are advised to discuss their
proposed program with a Course X faculty ad-
visor as soon as they become Interested in a
degree In chemical engineering.

Bachelor of Solenos In Chemical
EngIneering
Course X

Degree requirements applicable to the Class
entering MIT In September 1966 (Class of
1990) and subsequent Clases:*

Qmnei Inenute Requlrnantee 17 subleatS

en Requirement
HumanfmA and Social
scine Rqumn
Science Oubuon Requirement 12 eublecls can be
9edied by 10.13 and 18.03 in the Ospetmental Progrem]
Laboraory RequIrement [oan be sestld by .310 or

,311 in te Oepe ntal PrgmTn

8

3

TOTAL Subisol 1y
PLUS

-nn Proal un

sgu*W nWWu bea e o bo"W by m'ew t d,
and by PweOutaf if any (e-eWusses in aN)
nedSed Sublft: 10
0ne of te kowing 1W ftme:
5.310 Laboratolry Chemlsly, 12; 5.12
5.311 Inoductory Chemical Experimesntuon, 12; 5.11

AN
5.11 Piknolp oChwnoWal Sene', 12
5.12 Organk ChemiVy 1, 12; .11

AN
10.01 Engineering concepts and Conpuler Meiod. 12
10.13 Ms and Energy Pmoessing, 12; 1a02
10.14 Ch Engineering Thermodynumics, 9; 10.01,

10.13
pAN

one Of th oa.* bfw atisoft
1.6 ChemWa Engieng Laborstoy, 12; 5.11, 10.14,100 10.302, 10.3?

10.27 Chemical Engineeding Prnoe.e iLbouatory, 12;
10.13, 10.14,10.301
pA.

10.301 Fluid Mechanlce, 12; 1.03
10.302 Transpor Procses, 12; 10.13,10.301
10.32 Separaon Proceeees, 12; 10.14, 10.302
10.6 Prce0oelin, 12; 10.302 10.32
10.3? chemnca Kinetic An Reacto Del9; 10.13.

10.301
16.03 Olermnfal Equeaons, 12; 18.02

stdwtis who uSe .11 1V IM the Oena inedlts
Requiemente in chemlisy must takce 12 addilonal units of
unm dE .
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Reetrioted Elsolves: 21-2

One 6uilet in Chemical Engineering, except 10.UR, 10.01,
10.ThU, 10.10, 10.11 or 10.901-10.016; plus one labonaory

Wc from the following list:

3.0511
8.32

7.011

10.19

10.63
10.6
10.67
10.26**

10.27"

Io.Thu
20:002

MaWerals Laboratory, 18
lntrsmedalet Chemical Experimentation, 15; 5.310
or 5.311, &.14, &.8
Introduction to Ex l Bology. 15; 7.01 or
7.06
Expermental Methods in Combustion and Heet
Trandier, 12; 10.302, 10.37
High TWhology epaaons Laboratory, 12
Polymer Rhetology Laboratory, 12: 10.301
Polymer Science Laboraory, 12
Chemical Engineering Laboratory, 12:5.11, 10.14,
10.302.,10.37
Chemia Enginering Prmcee Laboratory, 12;
10.13, 10.14,10.301
Chemical Engineering Thesis, 12
Laboratory in Applied Siology, 15

Unite In Departmeta P Ogram thaIt also sely the
Geea nsttt equ"""Iremente sl (u2ta)

unrestted alsoives 4.1

Total unt fteqdd ftr the eg. Degree Seyond the
Genra instIute Requienente 1N

*The dOgre requirements appicble to Classes that entrd
MIT prior to Soptember 196 are given at the end o the
deecription of the doepret undergraduate progrm.

Elte 10.26 or 10.27 must be te as a Departmental
Requirement and cannot also be used to satsfy this
Restriced Laboratory Requirement.

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, can study in
other fields, such as other engineering disci-
plines, biology, biomedical engineering, eco-
nomics, or management. Course X-C has
proven to be especially attractive to students
who wish to specialize in chemistry, physics,
biology, patent law, or management while si-
multaneously gaining a broad exposure to the
engineering approach to solving problems.

Students planning to follow this curriculum
should discuss their interests with a member
of the faculty of the Department. At the time
they decide to enter the Course X-C program,
preferably by the first term of their senior year,
they should submit to the Department a state-
ment of goals and a program of subjects
which achieves their objectives. Students are
assigned a member of the Department faculty
as an advisor.

Departmental requirements for Course X-C
are 5.11, 10.13,10,14, and 10.301, plus a co-
herent program of subjects (102 units) includ-
ing at least 30 units in chemical engineering.
Further details may be obtained from the
Department.

1w-Year Programeiolnt 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 pro-
gram Is available from the Graduate legistra-
tion Officer. Students In the five-year program
normally enroll in the School of Chemical En-
gineering Practice.

For chemical engineering students Interested
In nuclear applications, the Department of
Chemical Engineering and the Department of
Nuclear Engineering offer a five-year program
luading to the joint Bachelor of Science In
Chemical Engineering and Master of Science
in Nuclear Engineering. Such programs are
approved on an Individual basis between the
registration officers of the two departments.

InquIries

Additional Information conceming undergradu-
ate academic and research programs, admis-
sions, and financial aid may be obtained by
writing to Dr. C. M. Mohr, Undergraduate Offi-
cer, Department of Chemical Engineering,
Room 66-405, MIT, Cambridge, Massachu-
setts 02139, (617) 253-2015.

Bachelor of Solenos in Chemical
Engineering
Course X

Degree requirements applicable to Classes
that entered MIT prior to September 1986
(through the Class of 1989):

Generai Inkttute Requtrementa Totl Unite

science RequIrement o
Humanities, Arts, and Social
ScIences RequIrement 72
Science Distribution Requirement
can be Usatsfe by 10.13,
18.03, and 5.11 In th Departmental
Program.
Laboratory Requirement can
be satisfied by 5.310 or 5.311
In the Departmental Program.

Departetal Pregram

$1400r nama bfow are olowed by credlt unts,
and by prrequas Nany (orequian In RJa)

Required subjeut: 1N
One ofe OW ep hi s s ateo&:
5.310 Laboratory Chemistry, 12; 5.12
5,311 Introduclory Chemical Expermentation, 12; 5.11

PAN
5.11 P6nlpiee of Chemical Solence, 12
5.12 Organic Chemisty 1, 12; 5.11

Plus
One of the k#oiowtn he ̂ uL*0i:
5.13 Organic Chemistry 1t, 12; 5.12
6.62 Physlcal Chemistry, 12; 10.13
7.05 General lochemistry, 12; 5.12

10.01 Engineering Concepts and Computer Methods, 12
10.13 Mass and Energy Processing, 12; 18.02
10.14 ChmIcal Engring ThenmodynamIcs, 0:10.01,

10.13

One of e ftowing two aubts:
10.26 Chemical Engineering Laboratory 12; 8.11, 10.14,

10.302, 10.37
10.27 Chemical Engineering Processed Laboratory, 12

10.13,10.14, 10.301

10.301 FluId Mechanics, 0:18.03
10.302 Transport Processes, 9; 10.13, 10.301
10.32 Separaon Processes, 0; 10.14, 10.302
10.36 Procss Design, 9; 10.302, 10.32
10.37 Chemlcal Kinetics and Reasctor Design, 9; 10.13.

10.301
18.03 Dfferential Equations, 12; 18.02

Students who use 5.11 to fullN the General Inetitute
Requirements in chemIstry must take 1 addlonal
unreedtmed ls1Wve.
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Graduate Study

one seWet in ChemIcal E except 10.UR, 10.01,
1o.ThU, 10.10, 10.11 or 10.01-10 16 pl" one eboraory
"Li" " ""m me 'W6 1

Malerdle Loraory, 15
Intennedite Chemical Expiedmontmon, 15; 5.310
or 5.311, & 1a &80
ntoduon to Expednian BAology, 15; 7.01 or

7.06
Expedlmentl Metode in Combumdon end Het
Tranefer, 12; 10.302, 10.37
HIgh TOO y SeperLdon OMLror . 12
Polymer Rholon Lboroy, 12; 10.301
PONye NH euo LaomIy. 12
Chemioal Engineedng Labormlory, 12; 5.11, 10.14,
10.302, 10.37
Ch o" Ene Proeie Laborerty. 12;
10.13 10.14,.10.301
Chemical Engineedng Thule, 12
Labomrlry In Appled Blology, 15

ue lee as

TotW Unie Requbred for fte .O. Degree

&.081
5.32

7.011

10.10

10.83
10.07
10.67
1026'

10.2r

10.Thu
20.002

Pleids Of Graduate Study

The technology of chemical engineering in the
process industries falls loosely into two cat-
egorles: physical and chemical. While both
type. are encountered In many industrial prob-
lems, graduate subjects of instruction and re-
search are logIcally grouped in the
corresponding fields of engineering operations
and applied chemistry. Most graduate students
take some work in each fiold, and in the
School of Chemical Engineering Practice the
problem assignments Involve fundamentals In
both areas. Specific subjects in each of the
following fields of applied chemistry and engi-
neering operations are described in Chapter
Vill.

Applied Chemistry. The Department offers a
diversified program in applied chemistry, de-
signed for students who wish to broaden their
competence in the chemical aspects of chemi-
cal engineering. This program provides sub-
jects In industrial chemistry and chemical
thermodynamics; chemical kinetics and reactor
engineering, with emphasis on heterogeneous
and catalytic processes; and the physical
chemistry of Ion exchange, adsorption, and
chromatography. The subjects listed under
Fuel and Fossil Energy Engineering and Ma-
terials Science and Engineering also include
applied chemistry. Much of the Department's
research activity falls Into these areas, and
unique laboratory facilities are provided.

A well-rounded program In applied chemistry
might also Include subjects given by other de-
partments in advanced organic, inorganic, or
physical chemistry; biochemistry, enzymology,
or bacteriology; and physical metallurgy, elec-
trochemistry, corrosion, or ceramics.

Blochemical Engineering. Recent achieve-
ments in molecular biology have greatly stimu-
lated interest in blotechnology and offer
exciting opportunities to the chemical engi-
neer. Biotechnology is the Integration of bio-
chemistry, microbiology, and chemical
engineering. Biochemical engineering is at the
interface between biological sciences and on-
gineering principles. Important problems In this
field in which the Department has active re-
search programs are blocatalysis, microbial kI-
notics, transport phenomena In biological and
particularly microbial systems, bioseparations,
bioreactor design, control of microbial reac-
tions, enzyme technology, renewable resource
utilization, and bloengineering of mammalian
cell cultures. Students interested in bIochemi-
cal engineering have the opportunity to partici-
pate In an active research program while
taking coursework In a variety of relevant sub-
jects offered by the Department.
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Subjects also are available In biochemistry,
microbiology, enzymology and molecular biol-
ogy which are taught in other Departments
(Blology, Chemistry, and Applied Biological
Sciences).

ilomedloal Engineering. The application of
chemical engineering to problems in the life
sciences and medicine has become an In-
creasingly Important area of research. The
broad backgrounds of chemical engineers,
spanning both fundamental and applied as-
pects of chemistry and physics, makes them
uniquely qualified to handle such tasks. Stu-
dents Interested In this ares have the opportu-
nity to draw upon the Department's diverse
offering of subjects in the chemical engineer-
ing sciences.

The Department's active graduate research
program in blomedically related areas Is char-
acterized by an Interdisciplinary approach to
both fundamental and applied problems. Many
projects Involve collaboration with physicians,
surgeons, and life scientists In other depart-
ments and in local hospitals associated with
Harvard Medical School. Research topics in-
clude the rheology of non-Newtonian biological
fluids, mass transfer in blood and in artificial
organs, such as the artificial kidney and blood
oxygenator, synthesis of blood-compatible
synthetic biomaterials, membrane transport
phenomena, synthetic replacement of the lung
surfactant, physical properties of biopolymers,
and ultrafiltration of solutions of biological
macromolecules.

Reaction Engineering. Chemical reactor en-
gineering Is concemed with the science and
technology of chemical reactions that take
place in reactors, leading to the production of
useful chemicals and materials. It involves the
interaction between chemistry, fluid mechan-
ics, and heat transfer, and also includes study
of catalytic reactions. The heart of a chemical
plant or refinery is a reactor, surrounded by
pumps, heat exchangers, and separation
equipment. Active research programs in many
aspects of this field are being carried out, and
a number of relevant courses is offered.

Process and Systems Engineering. The va-
riety of graduate subject offerings provides op-
portunity for programs in process simulation,
process control, heat transfer, fluid mechanics,
and separations - subjects which are basic in
process engineering. Opportunities for re-
search of an advanced nature In these areas
are available.

Programs also may include advanced subjects
In mathematics, instrumentation, fluid mechan-
ice, metallurgy, and others offered in other de-
partments.

* Emwr 10.20 or 10.27 muet be teln a a OsPwmenm
Re**ent end ennot e be umed to idiy dem
RAnded L-a y Resmnt
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Puel and Fossil Energy EngIneering. The
problem of supplying energy economically
while meeting environmental constraints is
growing In importance and complexity, thus
providing opportunities for major research and
engineering contributions In the fields of com-
bustion and fuel conversion. Combustion In-
volves all the basic chemical engineering skills
and a knowledge of high temperature chemis-
try and complex radiative heat transfer. Fuel
conversion processes such as coal pyrolysis,
gasification, and liquefaction Involve the prob-
lems of the chemistry of complex mixtures
with an important requirement for selective
production of the desired products.

An Integrated program In the field typically In-
cludes suojects In heat, momentum and mass
transfer, thermodynamics, kinetics, combus-
tion, radiation, and a research problem In
combustion or fuel conversion. The Depart-
ment's Fuels Research Laboratory provides
excellent facilities for research on a wide
range of problems. Through cooperative pro-
grams with the Energy Laboratory (described
in Chapter VI), it also offers the opportunity to
work in facilities of sufficient size to address
many of the pressing problems of fluidized
bed and conventional combustion of difficult
fuels on a realistic scale. Control of pollutants
In both fuel manufacture and combustion is a
major thrust of the research program.

Polymers and Materials Engineering. The
Department maintains an active and diversi-
fled graduate research program In surface
chemistry, Polymer chemistry, and polymer
physics .tid offers a coordinated Instructional
program in these areas. Students whose inter-
eats lie In the direction of surface phenomena
or polymeric materials thus have a rare oppor-
tunity to develop specialized skills In these
areas In an atmosphere where the focus of at-
tention Is on the applied, as well as the basic,
scientific aspects.

Graduate research activities In these fields in-
olude topics such as the rheology of bulk poly-
mere, polymer solutions and particulate
dispersions, molecular transport phenomena In
polymers, structure and properties of elasto-
mere and microcrystalline thermoplasts, perm-
selective membranes, polymers in turbulent
drag reduction and for medical application, se-
lective transformation of polymer surfaces by
chemical and high-energy radiation, and XPS
studies of polymer surfaces In relation to bulk
composition, polymer blends, and block co-
polymers. Collaboration between chemical on-
gineering and many other departments In the
supervision of these research projects brings
an Interdisciplinary approach to the entire
program.

For students with strong Interest In materials
and an adequate background In chemistry or
chemical engineering, the Department offers
special graduate curricula leading to the de-
grees of Materials Engineer, Doctor of Sci-
ence, or Doctor of Philosophy. These curricula
are designed to provide a properiy Integrated
background In the science and engineering of
the major classes of materials (metale, ce-
ramics, and polymers) and also to specialize
In some depth in a selected area of the field.
Specific graduate programs In this area are
suggested by, and subject to the approval of,
an Interdepartmental committee on materials
engineering. Further details may be obtained
by consulting the Department's Graduate Reg-
Istration Officer.

School of Chemical EngIneering Practice

Since its inception In 1916 the School of
Chemical Engineering Practice has been a
major feature of the graduate education In the
Department. In this unique program students
receive intensive Instruction to broaden their
education, not only In the technical aspects of
the profession, but also In communication
skis and human relations, which are fro-
quently decisive in the success of an engi-
neering enterprise. The Practice School
program stresses problem solving In an engi-
neering intemship format, where students un-
dertake projects at Industrial sites under the
direct supervision of resident MIT faculty.
Credit Is granted for participation in Practice
School In lieu of preparing a master's thesis.

The operation of the Practice School is quite
similar to a emal consulting company. The
resident staff work closely with the technical
personnel of the host companies In identifying
project assignments with significant educa-
tional merit, and with solutions that make im-
portant contributions to the operation of the
host plants.

At Practice School, students work on three or
four different projects. Groups and designated
group leaders change from one project to an-
other, 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 following advanced degrees are offered in
chemical engineering: the Mater of Science
in Chemical Engineering or the Master of Sci-
ence In Chemical Engineering Practice;
Chemical Engineer, Environmental Engineer,
or Materials Engineer; Doctor of Science or
Doctor of Philosophy. Preparation equivalent
to 5.62 Physical Chemistry and 5.12 Organic
Chemistry I Is normally essential for any grad.
uate work In chemical engineering. More de-
tailed descriptions of each of the following
programs can be obtained from the graduate
registration offloor In the Department.

Master of Science In Chemical Engineering.
Programs for the Master of Science In Chemi-
cal Engineedng usually are arranged as a
continuation of undergraduate professional
training, but at a greater level of depth and
maturity. The general requirements for a Mas-
ter's program are given in Chapter IV. To
complete the requirements of at least 6 sub-
ject units, of which 42 units must be In "A"
subjects, together with an acceptable thesis,
generally takes one academic year.

Mester of Solence 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 Ma-
ter of Science In Chemical Engineering
Practice (Course X-A) In two terms. Beginning
In the September following graduation, stu-
dents are at the field stations until the end of
December, and then retum to the Institute to
complete the program during the sping term.
A similar Practice School field program begins
In February and extends to 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 eta.
tion work In the Practice School, Graduates In
chemistry from other Institutions normally re-
quire 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 Interdepartmen-
tal Master of Science Program in Technology
and Policy. This program combines subjects In
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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.

Chemical Engineer. The Engineer's degree is
offered for those students who desire an ad-
vanced graduate education In depth but who
are not interested primarily in research. The
program of study and research normally In-
cludes attendance at the Practice School,
completion of an approved Integrated minor
consisting of at least 24 units outside the De-
partment. A detailed description of the Chemi-
cal Engineer's program may be obtained from
the Graduate Registration Office.

Materials Engineer. Candidates interested in
studying materials engineering In the Depart-
ment of Chemical Engineering should have
training equivalent to that offered by the insti-
tute in its uhdergraduate programs in chemis-
try or chemical engineering. In general, two
years are required for completion of the Ma-
terials Engineer.

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. The examina-
tion Is given In January and May. It is usually
taken at the end of the second term In resl-
dence as a graduate student, although stu-
dents with good preparation should attempt
the exam after one term. It is not necessary to
complete a Master's program in order to ob-
tain a doctorate.

The requirements for the doctoral degree in-
cude a program of advanced study, a minor
program, and a thesis. The program of ad-
vanced study and research is normally carried
out In one of the fields of chemical engineer-
Ing under the supervision of one or more fac-
uity 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 Oceanographic Engi-
neering with the Woods Hole Oceanographic
institution.

Pinanclal Support

The Department has a wide variety of financial
support for graduate students, including teach-
Ing and research assistantships, fellowships,
and loans. Information about financial ais-
tance may be obtained by writing to the Grad-
uate Registration Officer, but consideration for
awards cannot be given before the admissions
decisions have been made.

inquiries

Additional Information concerning graduate
programs, admissions, financial aid, assistant-
ships, etc., may be obtained by writing to
Professor William Deen, Graduate Registration
Officer, Department of Chemical Engineering,
Room 66-09, MIT, Cambridge, Massachu-
setts 02139, (617) 253-4535.
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CMI engineering is the principal instrument for
focusing humanity's scientific and technical
skills on the creation of constructed faciltles
which advance a society toward the attain-
ment of bask objectives such as economic
development, environmental protection, and
social well-being.

The scope of civil engineering education and
research activitles at MIT is quite broad and
multifaceted. This stems directly from our rec-
ognition of the underlying characteristics of the
civil engineering projects with which the civil
engineer must ultimately deal. Such projects
are typically large and costly, with potentially
profound environmental, social, and financial
Impacts. Their design requires the civil engi-
neer to deal with complex technological and
scientific issues as well as difficult social and
public policy questions. Therefore, our Depart-
ment's programs emphasize a broad under-
standing of the highest levels of technology
available, the behavior of the engineering fa-
cility at a systems level, and the mange-
ment, organiuational, and Institutional
settings within which such engineering sys-
tems operate. On the technology dimension,
our programs deal with areas such as struc-
tural analysis and design, analytical mechan-
Ice, geotechnical engineering, materials,
hydrodynamics, hydrology, and aquatic sci-
ence. In the engineering systems area, we fo-
cus on such topics as economic analysis,
Information and computer systems, engineer-
Ing risk assessment, and operations analysis
and optimization. In the management, organi-
zational, and Institutional area, we address Is-
sues such as management of very large-scale
engineering projects, govemment regulation,
Industry structure, and institutional Issues In
engineering project Implementation.

Civil engineering professionals are concemed
with the critical problems of today's society.
For example, our energy needs demand proj-
ects of extraordinary scope and potential envi-
ronmental Impact (e.g., the Trans-Alaska
Pipeline, offshore extraction facilities). Re-
building the decaying infrastructure (e.g., high-
ways, bridges, urban water systems) in the
United States represents a major technical
and economic challenge, as does the con-
struction of new Infrastructure in the develop-
ing world. The technology of underground
facilities for the safe disposal of hazardous
wastes and tunnels for transport of people and
commodities requires new methodologies for
analysis, design, and risk assessment. The ef-
ficient transport of goods and people requires
Innovative systems planning and Implernenta-
tion of infrastructure as well as a basic under-
standing of the underlying economic,
organizational, and political factors. The pro-
ductivity of natural bodies of water depends

upon a deeper understanding of the Interac-
tion of manufactured substances with the bio-
logical systems existing therein. 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 re-
quires careful planning, design, and operation
of facilities as well as an understanding of the
demands of society for this resource. Civil en-
gineers play a leadership role in the concep-
tion, planning, realization, and operation of
facilities and systems that help solve problems
in all the above areas as well as others con-
cemed with basic human and societal needs.

As these applications illustrate, civil engineer-
ing embraces a broad scope of actiies in
planning, analysis, design, construction, man-
agement, operation, and maintenance of a va-
dety of facility types, activities which are
brought to bear on the solution of many kinds
of complex, multidimensional problems. It Is
our belief that the education of cMi engineers
for future leadership positions should provide
a rigorous perspective on the latest technology
and analytic methods, as well as on opportuni-
ties to develop the social science and man-
agement skills which are required to assess
needs, evaluate social and environmental im-
pacts, and operate the engineering enterprise.
Such opportunities are ensured.through a
broad curriculum and the encouragement of
Interactions with other departments at MIT and
neighboring universities.

Job opportunities In civil engineering are quite
varied. Positions are available in large and
small consulting organizations, firms in a vari-
sty of Industries, and agencies at all levels of
govemment, both in the US and in the intema-
tional sector. Many of our students build upon
the technical, planning, and management skills
emphasized in our program to become In-
volved in the entrepreneurial activity of owning
and managing their own enterprises. Further,
our undergraduate programs are considered
excellent entries to graduate study in engi-
neering as well as such fields as law and
management.

The Department of CMI Engineering is orga-
nized into three functional DMsions: Con-
structed Faclities, Transportation Systems,
and Water Resouroes and Environmental
Engineering. These DMksims represent the
major professional thrusts of the Department.
At the same time, many problems within CMI
Engineering transcend any one of these DM-
sons. This Is reflected in the Department's ed-
uoational 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

136
School of Enalinilledna



D~patmet o CMIEngneoina137

Undergraduate Study

functional areas. Detailed descriptions of the
programs of the DMsions 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
Computational Methods; Analytical Mechanics;
Engineering Systems, Economics, and Man-
agement; Engineering Risk Assessment and
Probabilistic Analysis; and Institutions and
Public Policy - which are of Interest to stu-
dents in a variety of fields at MIT.

The Department of CMI Engineedng offers
two undergraduate curricula for students seek-
Ing a strong base for careers In ovil engineer-
Ing or related fields. Course 1, which leads to
the Bachelor of Science In CMI Engineering,
Is designed for students having educational
goals which fall substantially within the scope
of civil engineering. Course I-A, which leads to
the Bachelor of Science without designation, Is
designed for students having a well-defined
educational goal, whose attainment requires a
specially formulated program of study. Within
Course I-A the Department offers a special
option in Engineering Systems and Computa-
tion.

Each of these curricula provides sufficient flex-
ibIlity to permit students to develop their own
special Interests by taking subjects In the De-
partment of Civil Engineering and other de-
partments. Undergraduates are encouraged to
participate In the research activities of the De-
partment and In many cases obtain degree
credit for such work. .

Students often find there are advantages in
planning their programs for the third and fourth
years so they dovetail with possible graduate
study. This Is readily accomplished for those
students who embark on the Departmental
Program in their second year. Under certain
circumstances students are permitted to work
toward undergraduate and graduate degrees
to be received simultaneously.

Bachelor of Science In Civii Engineering
Course I

The curriculum for this degree is designed to
help the student develop problem-solving and
decision-making abilities which can be brought
to bear on civil engineering problems. The
seven-subject core of this curriculum intro-
duces the student to the issues, problems,
and methods of civil engineering. It provides a
foundation in the areas of analysis and com-
putation, engineering science, and systems
and management science, with emphasis on
their application to problems which arise within
the scope of civil engineering. Planned elec-
tives provide useful knowledge of some partic-
ular area of civil engineering in depth. This
program (including the internship Option) is
accredited by the Accreditation Board for En-
gineering and Technology.

Bachelor of Solence in Civil
EngineerIng
Course I - Internship Option

Students who wish to gain industrial exper-
ence as part of their undergraduate and grad-
uste programs may do so by applying to
Course I Internship Option. The Engineering
Internship Program is described In detall in the
School of Engineering section of this chapter;
additional Information on the Course I Intern-
ship Option will be presented here.

The Internship Option requirements are the
same as for Course 1. In addition, provision is
made for students to be employed in the of-
floss, plants, or construction sites of participat-
ing companies. The two undergraduate work
assignments are together considered equiva-
lent to a 12-unit subject and may, by petition,
be used toward the planned electives require-
ment.

The program is expected to be partioularly at-
tractive to students who wish to study for the
combined S.B.-S.M. degree, requiring five
years for completion. Such students, if admit-
ted to the graduate school, 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 assignments, in addition to
regular thesis credit for preparation of the S.M.
thesis.

Students desiring to participate in the Intern-
ship Option should apply eariy In the second
term of their sophomore year.
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Other Course I-A Options Bachelor of Solens in CMI Enginrwing Bachelor of Science, sn recommended by
Course I the Department of CMil Engineering

In additipn to the Engineering Systems and Coure I-A
Computation Option, the Department provides Degree requirements applicable to the Class I ng Systems and Computation
other programs under Course I-A. These pro. that entered MT in September 198:* (1:C) Option
grams are available to students who cannot
achIeve their gals through the Course I or I-A a si iheinuna Totad U" Degree requirements applicable to the Clas
options described earlier. that entered MIT In September 196:

The degree requirements for this program are
similar to Course i-A (ESAC Option), except
there are seven required subjects (1.00, 1.12,
18.03, 1.04, 1.06, 1.01J, and 1.03), plus a o-
herent selection of at least seven planned-
elective subjects, which meet a well-defined
educational goal. The planned electives are
developed in consultation whith, and are ap-
proved by, a member of the departmental fao-
ulty who agrees to serve as the program
advisor. Some options speclfy a number of the
planned elecives (see, for example, descrip-
tion of the option In Engineering Systems and
Computation).

Electives and Research Opportunities

A list of undergraduate electives In CMI Engl-
neering may be obtained from the Depart-
ment. St registered In the Department
are encouraged to consider appropriate sub-
jects offered by other departments as part of
their elective programs.

Students wishing to work closely with a mem-
ber of the faculty on research may obtain per-
mission to register for theele, or to enrol in
1.999 Undergraduate Studies in CMI Engl-
neering. Numerous poselblities for UROP
projects exist in the Department. To help un-
derraduates understand the professional
ch a of CMI Engineering as well as help
estabHl worldng relationships with the faculty,
up to ten $W UROP traineeshipa are
awarded to undergraduates each spring.
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The Department of CMI Engineering grants
the following advanced degrees: Master of
Science; Master of Science in CMI Enneer-
ing; CMI Engineer; Environmental Engineer;
Doctor of Science; and Doctor of Philosophy.
The Institute's general requirements for these
degrees may be found In Chapter IV. Detailed
information on the departmental requirements
for each degree may be obtained from the Ac-
ademic Programs Office, Room 1-281.

At the graduate level, research and education
go hand-in-hand. Students Interested In phys-
ical processes or in the analysis and design of
component facilities may work in a fundamen-
tail area such as soil, water, or structures. Stu-
dents interested In the planning, design,
construction, and operation of large-scale sys-
tems 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 research and academic programs of the
Department, Including graduate admissions
and research assistant, teaching assistant, fel-
lowship and traineeship awards and assign-
ments. Prospective graduate students indicate
their preferred affiliation when applying for ad-
mission.

Fields of Advanced Study

Integrated programs of aavanced study are
available in the following areas: geotechnical
engineering, structural engineering and me-
chanics, construction engineering and
management, transportation systems, hydro-
dynamics and coastal engineering, hydrology
and water resource systems, water quality
control and the aquatic environment, and envi-
ronmental engineering.

Entrance Requirements for Graduate Study

Applicants do not need to have an undergrad-
uste degree in civil engineering.

Numerous opportunities for graduate educa-
tion in civil 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 programs which bring
people of diverse backgrounds together in
search of solutions to major societal problems.
Graduate students and faculty In the Depart-
'ment have, for example, experience in eco-
nomics, political science, sociology,
architecture, urban and regional planning,
management, biology, geology, and oceanog-
rephy.

Primary requirements for graduate study are
for a keen Intellect combined with capability
and interest in quantitative approaches to real
problems. Prerequisites for each subject are
given in the subject descriptions. Students
may make up deficiencles In prerequisites
while pursuing a program of graduate study.
All applicants are required to submit scores
from the GRE Aptitude Test.

Pinancial Assistance for Graduate Students

The research of the Department Is an integral
part of the study program, and approximately
100 graduate students each year receive ap-
pointments as Research or Teaching Assis-
tants. 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 experi-
ence and, In the case of Research
Assistantships, thesis opportunities.

A number of Fellowships are also available for
graduate students.

Constructed PFalitles Division

The academic and research programs of the
Constructed Facilities DMsion are concerned
with the broad field of development, design,
analysis, and assessment of behavior of con-
structed facilities. Engineering programs in
geotechnloal engineering and In structural do-
sign and analysis build upon subjects in me-
chanical behavior of materials, engineering
mechanics, applied probability and statistics,
and computer-based analysis methods In de-
signing a program that meets particular needs
and interests, students may emphasize a par.
ticular engineering area or combination, or
may focus more on one of several disciplinary
areas - including engineering risk assess-
ment, computer-aided engineering, and analyt-
ical mechanics.

The major areas of research and teaching in
the Constructed Facilities Division are:

Geotechnical Engineering. The graduate
program in geotechnical engineering provides
an understanding of advanced mechanical and
geological prnciples that control the behavior
of soil and rock and familiarizes the student
with geotechnical analysis and design tech.
niques and with the Incorporation of geology In
planning of civii engineering projects.

The teaching program offers comprehensive
treatment of theoretical sol mechanics and
soli properties, engineering geology and rock
mechanics, exploration and instrumentation,
earth dams and foundations, and advanced
subjects in soli dynamics, reliability, and com-
puter-alded engineering. The major areas of
research are: soft-ground construction, earth-
quake engineering, underground construction,
stability of earth dams and natural slopes In
soil and rock, behavior of solfs under cyclic
loading, pile foundations, applications of prob-
ability and decision theory, mining geotech-
nice, and In-situ testing - especially for
offshore exploration.

Structural Design and Analysis. A compre-
hensive treatment of the behavior of complex
steel and concrete structures Is the key ele-
ment of the structural design and analysis pro-
gram. Exposure to design procedures Is
provided by a set of laboratory subjects deal-
ing with important design issues for buildings,
bridges, and offshore structures. Additional
study areas include structural analysis, analyti-
cal mechanics, structural dynamics, numerical
modeling, structural loads, offshore structural
engineering, structural mechanics for nuclear
power facilities, and structural reliability.
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A cooperative effort within the School offers a
special opportunity to study structural mechan-
Ica for nuclear power engineering. Students
studying this and other aspects of mechanics
and materials may tske advantage of subject
offerings In all departments of the School.

The research program includes projects In the
following areas: earthquake engineering, sta-
detically based loading and serviceability orite-
ria for design, three-dImensIonal models for
failure of concrete, computational strategies
for complex concrete structures, and offshore
structures.

Engineering Risk Assessment is important
for clvi engineering projects, since uncertain-
ties of site characterization, loading, and con-
strucion materials are large. The academic
program of the DMslon has been designed to
provide In-depth exposure to probability the-
ory, statistics, modeling with random functions,
and risk-based decision methods. Disciplinary
subjects are complemented by application-
oriented subjects In structural reliability, un-
certainties In geotechnical engineering, and
deks In construction.

Computer-Aided Engineering is based upon
the disciplinary areas of information process-
ing, computational methods, and artificial Intel-
Ilgence. A series of specific subjects In theory,
methodology, and practice are offered, and
applications are Integrated in a number of civil
engineering subjects.

Analytical Meenie presents an in-depth
treatment of the mechanics of solids and its
extension to multiphase media. Students inter-
ested In engineedng analysis can combine this
program with additional geotechniosl and
structural mechanics subjects.

The following laboratories are associated with
the Division:

The Geotechnioal Engineering Reeserch
Laboratory conducts applied and fundamental
research on the engineering properties of sol
and rock, develops new methods of analysis,
and measures and evaluates the fild perfor-
manos of structures during and after construc-
tion. The primary objective is evaluating and
improving methods for predicting the behavior
of constructed facilities.

The Struotures Laboratory is an educational
facility for studying the behavior of structural
elements and structural systems. The special
laboratory equipment sasilst students in relat-
Ing theoretical predictions to actual response
and in visualiing the behavior of complex
systems. Students also design and construct
models of structural systems which are then
tested for verification of the design.

The Materiale Laboratory is both an educa-
tional and a research faciity, it helps students
relate the mechanical properies of construc-
tion materiels to their composition. Current re-
search Includes mechanical behavior of
concrete and asphaltic composites under var-
lous environmental conditions, and develop-
ment of new composite materials for
construction.

The REMERGENCE Laboratory Is a joint ef-
fort of the Departments of CMI and Mechani-
cal Engineering In the Resource Extraction,
Materials, Energy, Reservoir, Geotechnical,
ENvironmental, and Construction Engineering
areas. The laboratory prov de' testing facilities
for experimentation on geologic and construc-
tion materials both for teaching and research.

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 improve-
ments result from combining: 1) quantitative
analysis of altemative solutions; 2) an In-depth
understanding of spoocf problem areas span-
ning freight, passenger, urban, Intercity and In-
temaional transportation; and 3) nwlege of
the economic and Institutional setting In which
solutions are Implemented.

The academic programs of the Division reflect
a muit-modal orontation, emphasizing basic
methods of analysis and their appioations to a
range of problems. The approaches inciude a
synthesis of economics, statOis, and mathe-
matical programming, as well as the tools of
management and the social sciences. Subject
offerings stress both the technical analysis of
transportation systems and the social and po-
litlal factors which must be considered in
transportation decisions, Including subjects In
varous appioations areas.

The research in the Division also reflects a
wide range of methodological and substantive
Interests. The current major research activities
In which students are encouraged to partici-
pate Include the following: railroad operations
planning; travel demand analysis; network
equlibration; microcomputer applications In
transportation operations; analysis of the US

automobile industry; freight and urban passen-
ger transportation In developing countries; reg-
ulation in the common carrier Industry; transit
operations and planning; Institutional and or-
ganizational Issues in transportation; and the
relationship between transportation and down-
town retail activity.

The faculty, students, and staff of the Trans-
portation Systems Division actively participate
in the MIT Center for Transportation Stud-
lee (CTS), which coordinates transportaton
research and educational activities at MIT.
The Interdepartmental degree of Master of
Soleni In Transportation Is offered In coop-
eration with the Center for Transportation
Studies. Most Civil Engineering students
studying transportation at the Master's level
are enrolled in this Interdepartmental program,
although the Master of Science In Civil Engi-
neering degree is still offered for those stu-
dents whose educaional objectives are better
served by that program. Requirements for the
Master of Science In Transportation and a de-
talled description of the Center are contained
In Chapter VI.

Water Resources and Environmental
Engineering Division - Ralph M. Persons
Laboratory

The programs of graduate study and research
include both departmental and Interdisciplinary
programs In the analytical and managerial as
pects of water resources. A joint degree pro-
gram exists between MIT and the Woods Hole
Oceanographic Institution.

The educational and research programs are
broadly grouped In three areas:

Hydrodynamlos and Coastal EngInesrlng. A
wide selection of subjects is offered Including
theoretical and applied fluid mechanics, hydro-
dynamics of wave motion, beach erosion and
coastal sediment problems, wave Interaotion in
harbors and offshore structures, estuary and
coastal circulation and water quality, energy
extraction from waves and the ocean thermal
gradient, economic development and environ-
mental Impact assessment in the coastal
zone. Related subjects In Oceanography and
Ocean Engineering are offered by other de-
partments at MIT and at Woods Hole Oceano-
graphic Institution.

Hydrology and Water Resoure Systems.
Emphasis is on both deterministic and et-
chasti representations of hydrologic pro-
cesses In the surface and ground water
regimes. Particular attention is given to the In-
tegraion of hydrologic oritea and optimization
msthods for muld-objective urban and river
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basin development schemes with environmen-
tal, economic, and public policy issues. Oppor-
tunities may exist for summer fieldwork In
developing countries. Related subjects in
probability and systems methodology are also
offered.

Water Quality Control, Aquatic Science,
and Environmental Engineering, Major
areas of activity, including possibilities for in-
tordisciplinary work, are: environmental fluid
mechanics, aquatic chemistry and biology, lim-
nology, and the environmental impact of en-
ergy development and the fate of pollutants in
various kinds of natural water bodies and
groundwater. Emphasis is on the Integration of

ydrodynamic and hydrothermal transport and
mixing processes with blogeochemical trans-
formation processes including effects of heavy
metals and hydrocarbons.

Research Includes waste heat management,
harbor and coastal modeling, local and re-
gional water quality, resource and land use
management and facility siting, microorgan-
ism/pollutant interaction, phytoplankton growth
dynamics, inorganic and organic chemistry of
surface and groundwater, and wetland geo-
chemistry.

The Ralph M. Persons Laboratory, which
houses the Division, is a major unit for re-
search in the water environment, containing
more than 40,000 square feet of classrooms,
teaching and research laboratories, shops,
computer facilities, and offices. Laboratory fa-
dlities exist for hydrodynamic studies Involving
wave motion, jet turbulence and diffusion by
means of laser-Doppler Instrumentation, flows
with thermal and density stratification, and
flows In porous media. Research facilities are
also available to study aquatic biological and
chemical interactions.

Center for Construction Research and
Education

The Center was established to provide closer
ties with the construction industry, and reflects
a major commitment by the Department to ad-
vances which can help the industry meet the
opportunities and challenges for the next sev-
eral decades.

The Center provides a specific focus within
the Department for students, faculty, and in-
dustry personnel to interact and collaborate on
a wide range of projects of particular Interest
to the construction industry. For the student
preparing for a career In the construction In-
dustry, the Center offers advanced degree
programs, Intemships and summer jobs, and
Industry-sponsored thesis research opportuni-
ties.

The Center currently offers an integrated grad-
uste degree program In Construction Engl-
neering and Managemenl. As construction
problems become more complex, the Industry
must control, more reliably than ever, time,
cost, and quality, cope with new technologies
and means of production, and be concemed
with Increasingly complex human relations.
There is increasing Interdependence between
the inception, feasibility, determination, design,
and production phases of development, with a
corresponding need for greater sophistication
in planning, organization, and management.

In addressing this need, the program in Con-
struction Engineering and Management en-
compasses the totality of activities from the
initial needs analysis for a facility, through
economic and technical feasibility studies, en-
vironmental and social Impact analyses, de-
sign, construction, and operation.

The research actvtiee of the Center are
highly collaborative and focus on: manage-
ment (at the Industry, and project levels); re-
sources (labor, materials, equipment, and
finance); and technology (Innovation, produc-
tivity, adaptation, and transfer). Major research
programs include: the role of construction in
energy; technology and productivity; rebuilding
Amerca's infrastructure; management of su-
perprojects; computer applications in construc-
tion; construction and socio-economic
development; and construction Industry com-
petitiveness in the world market.

The Center promotes and coordinates a num-
ber of liaison activities with the construction
Industry, which provides ways for industrial
representatives to share their perspectives
on the educational and research needs of
Industry.

Computer Pailities

The Department has a computer facility de-
voted to Computer-Alded Design in the Archi-
tecture-EngIneedng-Construction disciplines.
This facility contains Apollo Computers graphic
workstations networked together with a file

server/computer server processor. It also con-
tains a number of microcomputers and major
software packages for bridge, highway, and
building design and drafting for use In aca-
demic subjects and research activities.

The Department also participates in the Joint
Computer Facility with several other depart-
ments to provide DIGITAL VAX 11/780 and
other computational services for use by stu-
dents and faculty in the department's aca-
domic and research programs.

interdisciplinary Programs

In responding to the Interdisciplinary character
of many problems of interest, the Department
of Civil Engineering has added faculty with
training and professional experience in law,
management, economics, political science,
and sociology, as well as in mechanical and
electrical engineering, ecology, chemistry, and
geology. Accordingly, departmental research
and subject offerings have been developed in
many interdisciplinary areas of current and fu-
ture Importance such as environmental engi-
neering, environmental management and
control, public service systems, urban engi-
neering, engineering and public policy, project
evaluation and management.

Undergraduates and graduate students can
build educational programs in these and other
areas, and can select subjects from among
the offerings of other departments of the Insti-
tute, such as Urban Studies and Planning, Ar-
chitecture, Management, Mathematics,
Economics, Political Science, the life and
earth sciences, and the other fields of engi-
neering. Each student's educational and re-
search program may be arranged to reflect his
or her personal and professional goals,
whether they are Intensive or extensive in na-
ture.

Interdisciplinary programs at the graduate
level are administered by Interdepartmental
committees. Those of particular interest to stu-
dents from civil engineering are in environ-
mental engineelng, transportation, materials,
applied earth sciences, operations research,
computers and Information systems, ocean
engineering, public systems, the social appli-
cations of technology, management of tech-
nology, and mineral resources engineering
and management.
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Master of Solene In Technology and
Polloy

Students Interested In applying their cMI engi-
neering background to problems of policy and
socloeconomic assessment of technology may
apply for the Interdepartmental Master Sci-
ence 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 civil en-
gineering 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 de-
signed for scientists and engineers on a ca-
reer 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 l-W

A joint program with WHOI is intended for stu-
dents whose primary career objective is
oceanographic engineering. Students dMde
their academic and research efforts between
the campuses of the two Institutions. While In
residence at MIT, students enrolled In this
course follow a program similar to that of other
students In this Department. The program is
described In more detall under the section at
the end of this chapter on MIT's Joint Program
in Oceanography and Oceanographic Engi-
neer with the Woods Hole Oceanographic

Mining and Mineral Resources Research
Institute

The MMRRI coordinates academic and re-
search activities at MIT in the mineral re-
sources field. The MMRRI and its various
academic and research opportunities are de-
sorbed In Chapter VI.

Inquiries

Detailed information about the academic poll-
oles and programs of the Department may be
obtained by writing to the Academic Programs
Office, Room 1-261, MIT, Cambridge, Massa-
chusetts 02139, or by calling (617) 253-7106.
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Department of Electrical Engineering
and Computer Sclence

Joel Moses, Ph.D.
Professor of Computer Science and

Head of the Department

Richard Brooks Adler, So.D.
Distinguished Professor of Electrical
Engineering and Computer Science
Associate Head of the Department for
Electial Science and Engineering

Femando Jose Corbate, Ph.D.
Professor of Computer Science and
Eno""ein
Associate Head of the Department for
Computer Science and Engineering

Frederick Clair Hennle li, Sc.D.
Professor of Computer Science and
Engines
Executive Ofie

Leonard Abraham Gould, Sc.D.
Professor of Electrical Engineering
Undergraduate Officer

Arthur Clarke Smith, Ph.D.
Professor of Electrical Engineering
Graduate Officer

Professore

Devid Adler, Ph.D.
Professor of Electrical Engineering

Jonathan Allen, Sc.D.
Professor of Electrical Engineering
and Computer Science
Director, Research Laboratory
of Electronics

Michael Athens, Ph.D.
Pessor of Systems Science and
Engineering

Arthur Bemard Baggeroer, Sc.D.
Profesor of Electrical Engineering
and OicmEan f
MIT Director /WH Joint
Program in Ocaoraphy and
Oceanographic Enierng

Abraham Bers, So.D.
Professor of Electrical Engineering

Dimitd P. Bertskas, Ph.D.
Professor'of Electical Engineering

Amer Gopal Bos, So.D.
Professor of Electrical Engineering

Harvey Kent Bowen, Ph.D.
Profassor of Electrical Engineering
and Ceramic Engineering
Ford Professor of Engineerng
Director, Manufactriung and
PMossng Systems

Louis Benjamin Daniel Bralds, Ph.D.
Henry Elis Warren Professor of
Electical Engndng

James Donald Bruce, Sc.D.
Professor of Electrical Engineering
Vice President for Information Systems

Peter Pin-Shan Chen, Ph.D.
Professor of Computer Science
(Visiting)

Jack Bonnell Dennis, Sc.D.
Professor of Computer Science and
Engineering

Michael Leonides Dertouzos, Ph.D.
Professor of Computer Science and
Electrical Engineering
Director, Laboratory for Computer

AMn William Drake, Sc.D.
Profeow of Systems Science
and Engineering

Mildred Splewak Dresselhaus, Ph.D.
Institute Professor
Professor of Electrical Engineering
and Physics

Harold Eugene Edgerton, Sc.D.,
D.Eng., LL.D.
Institute Professor, Emerits
Professor of Electrical
Measurements, Emeritus

Peter Elias, Ph.D.
Edwin S. Webster Professor of
Electrical Engineering

David Jacob Epstein, Sc.D.
Professor of Electrical Engineering

Shaoul Ezekiel, So.D.
Professor of Electrical Engineering
and Aeronautics and Astronautics

Robert Mario Fano, SO.D.
Professor of Electrical Engineering
and Computer Science, Emeritus

Clifton 0. Fonstad, Jr., Ph.D.
Professor of Electrical Engineering

Lawrence Samuel Frlshkopf, Ph.D.
Professor of Electrical and
Bloengineering

Robert Gray Gallagor, Sc.D.
Professor of Electrical Engineering
Associate Director, Laboratory for
Information and Decision Systems

Harry Constantine Gatos, Ph.D.
Professor of Molecular Engineering
and Electronic Materials
(On leave, fall)

Alan Jay Grodzlnsky, Ph.D.
Professor of Electrical and
SloengineerIng

Hermann Anton Haus, Sc.D.
Efhu Thomson Professor
of Electial Engineering

Berthold Klaus Paul Hom, Ph.D.
Professor of Computer Science and
Engineering

Erich Peter Ippen, Ph.D.
Professor of Electrical Engineering

John Gabiel Kassaklan, So.D.
Professor of Electrical EngIneerng
Associate Director, Laboratory for
Electromagnetic and Electronic
Systems

Robert Spayde Kennedy, S.D.
Professor of Electrical Engineering

Jin Au Kong, Ph.D.
Professor of Electrical Engineering

Richard Charies Lareon, Ph.D.
Professor of Electrical Engineering
and Urban Studies
Codirector, Operations
Research Center

Francis Fan Lee, Ph.D.
Professor of Electrical Engineering
and Computer Science

Thomas H. Lee, Ph.D.
Professor of Electrical Engineering
Phillip Spom Professor of Energy
Processing
(On leave)

Jerome Yrsel Lattvin, M.D.
Professor of Electical and
Bloengineerng and Communications
Physiology

Joseph Cart Robnett Licklider, Ph.D.
Professor of Eletr..! o,giering,
Emeritus

Barbara H. Uskov, Ph.D.
Nippon Electrio Company Professor
of Software Science and Engineering

Nancy Ann Lynch, Ph.D.
Ellen Swallow Richards Professor
of Computer Science and Engineering

Alan Louis McWhorter, Sc.D.
Professor of Electrical Engineering
Head of the Solid-State Division,
Lincoln Laboratory

James Russell Melcher, Ph.D.
Julius A. Stratton Professor
of Electrical Engineering and Physics
Director, Laboratory for
Electromagnetic and Electronic
Systems

Albert Ronald Meyer, Ph.D.
Professor of Computer Science
and Engineering

Marvin Lee Minsky, Ph.D.
Donner Professor of Science in
the Department of Electrical
Engineeing and Computer Science

Sanjoy Kumar Mitter, Ph.D.
Professor of Electrical En
Director, Laboratory for
and Decision Systems

Frederic Richard Morgenthaler, Ph.D.
Professor of Electrcal Engineeing

Walter E. Morrow, Jr., S.M.
Professor of Electrical Engineering
Director, Lincoln Laboratory

Alan Victor Oppenholm, Sc.D.
Professor of Electrical Engineering

Ronald Richard Parker, Ph.D.
Professor of Electrical Engineering
Associate Director, Plasma Fusion
Center

Wiliam Tower Peake, So.D.
Professor of Electrical and
Bloengineering

Paul Lvingstone Penfleld, Jr., Sc.D.
Professor of Electrical Engineering
Director, Microsystems Research
Center

George Woodman Pratt, Jr., Ph.D.
Professor of Electrical Engineering

John Francis Reintles, M.E.E.
Professor of Electrical Engineering,
Emeritus

Ronald Unn Rivest, Ph.D.
Professor of Computer Science
and Engineering
Associate Director, Laboratory for
Computer Science

James Kerr Roberge, Sc.D.
Proftssor.of Electrical Engineering

Jack Philip RuIna, D.E.E.
Professor of Electrical Engineering
Secretary of the Faculty

Jerome Howard Saltzer, Sc.D.
Professor of Computer Science
and Engineering
Technical Director, Project Athena

Wiliam Francis Schreiber, Ph.D.
Professor of Electrical Engineering

Fred Charies Schweppe, Ph.D
Professor of Electrical Engineering

Campbell Leech Searie, S.M.
Professor of Electrical Engineering

Stephen David Senturis, Ph.D.
Professor of Electrical Engineering

Jeffrey Howard Shapiro, Ph.D.
Professor of Electrical Engineerng

William McConway Sebert, Sc.D.
Ford Professor of Engineedng
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Henry 1. Smith, Ph.D.
Professor of Electrical Engineering

Louis Dijour Smullin, S.M.
Professor of Electrical Engineering,
Emerius

David Hudson Steelln, S.D.
Professor of Electrieal Engineering

Kenneth Noble Stevens, So.D.
Clarence Joseph LeSel Professor
of Electrical Engineerng

Gerald Jay Sussman, Ph.D.
Professor of Electrical Engineering

Richard Doulas Thomon, So.D.
Profesor ole i Engineering

Donald Eugene Troxel, Ph.D.
Professor of Electrical Engineering

Thomas Fischer Weiss, Ph.D.
Professor of Electrical and
Bloengineerng

Joseph Weizonbaum, S.M.,
So.D. (hords causa)
Professor of Computer Science
and Engineering

David Calvin White, Ph.D.
Ford Professor of Engineering
Codiroolor, Energy Laboratory

Jerome Bert Wiesner, Ph.D.
Institute Professor, Emeritus
President, Emeritus

Alan Steven Willsky, Ph.D.
Professor of Electrical Engineering

Gerald Loomis Wilson, So.D.
Vannevar Bush Professor
Professor of Electrical and
Mechanical Engineering
Dean, School of Engineering

Patrick Henry Winston, Ph.D.
Professor of Computer Science and
Engineering
Director, Artificial Intelligence
Laboratory

Assoolit Pressore

Harold Abelson, Ph.D.
Associate Professor of Computer
Science and Engineering
(On leave, spring)

Dimitd A. Antonladls, Ph.D.
Associate Professor of Electrical
Engineering
Director, Microsystems Technology
Laboratodis

Arvind, Ph.D.
Associate Professor of Computer
Science and Engineering

Robert Cregar Berwick, Ph.D.
Associalte Profesor of Computer
Science and Engineering

Lance A. Glasser, Ph.D.
Associate Professor of Electrical
Engineering

John V. Gu , Ph.D.
Associate P of Computer
Science and Engineering

Robert Hunter Halstead, Jr., Ph.D.
Associate Professor of Computer
Science and Engineering

Cad Eddie Hewitt, Ph.D.
Associate Professor of Computer
Science and Engineerng

Pierre Amedee Humblet, Ph.D.
Associate Professor of Electrical
Engineering
(On leave, spring)

James Logan Kidrty, Jr., Ph.D.
Associate Professor of Electrical
Engineering

Jeffrey Hastings Lang, Ph.D.
Associate Professor of Electrical
Engineering

Charles E. Lelserson, Ph.D.
Associate Professor of Computer
Science and Engineering

Bernard Christophe Levy, Ph.D.
Associate Professor of Electrical
Engineering

Ja Soo Um, Ph.D.
Associate Professor of Electrical
Engineering
(On leave)

Toms Lozano.Perez, Ph.D.
Associate Professor of Computer
Science and Engineering

Roger Greenwood Mark, M.D.,
Ph.D.
Mateushita Associate Professor of
Electrical Engineering In Medicine
Codirector, Harvard-MIT Division of
Health Solences and Technology

Silo Micall, Ph.D.
Associate Professor of Computer
Science and Engineering

Terry Philip Orlando, Ph.D.
Associate Professor of Electrical
Engineering

Marc H. Ralbert, Ph.D.
Associate Professor of Computer
Science and Engineering

Leo Rafael Reif, Ph.D.
Associate Professor of Electrical
Engineering

Peter Szolovits, Ph.D.
Associate Professor of Computer
Science and Engineering

George C. Verghese, Ph.D.
Cad Richard Soderberg Associate
Professor In Power Engineering

Stephen Ashley Ward, Ph.D.
Associate Professor of Computer
Science and Engineedng

Cardinal Wards, Ph.D.
Associate Professor of Electrical
Engineering

John L. Wyatt, Jr., Ph.D.
Associate Pr6fessor of Electrical
Engineering

Markus Zahn, Sc.D.
Associate Professor of Electrical
Engineering

Richard Ellot Zippel, Ph.D.
Associate Professor of Computer
Science and Engineering

Victor Walto Zue, Sc.D.
Associate Professor of Electrical
Engineering

Assistant Proissors

Rodney Allen Brooks, Ph.D.
Assistant Professor of Computer
Science and Engineering

William J. Daily, Ph.D.
Assistant Professor of Computer
Science and Engineering

David John Edell, Ph.D.
Assistant Professor of Electrical
and Bloengineedng

James G. Fujimoto, Ph.D.
Assistant Professor of Electrical
Angineerdng

David K. Gifford, Ph.D.
Assistant Professor of Computer
Science and Engineering

Shafrira Goldwasser, Ph.D.
Assistant Professor of Computer
Science and Engineering

William Eric Lafur Grimeon, Ph.D.
Assistant Professor of Computer
Science and Engineering

Roger Thomas Howe, Ph.D.
Assistant Professor of Electrical
Engineering

Thomas Frederio Knight, Jr., Ph.D.
Assistant Professor of Computer
Science and Engineering
(On leave)

Hase-oung Le, Ph.D.
Assistant Professor of Electrical
Engineering
(On leave)

Raphael Carl Lee, M.D., Sc.D.
Ked R. Van Tassel Career
Development Assistant Professor of
Electrical Engineering

Henrique S. Malvar, M.S.
Assistant Professor of Electrical
Engineering
(Visiting)

Bruce Ronald Musicus, Ph.D.
Rockwell International Career
Development Assistant Professor of
Electrical Engineering

Rishlyur S. Nlkhll, Ph.D.
Assistant Professor of Computer
Science and Engineering

Ramesh Shriknlshna Patil, Ph.D.
Assistant Professor of Computer
Science and Engineering

Martin Frederick Schlecht, Sc.D.
Joseph F. and Nancy P. Kelthley
Career Development Assistant
Professor of Electrical Engineering

Rosemary L. Smith, Ph.D.
Donald B. Sinclair Assistant Professor
of Electrical Engineering
(Visiting)

Charles G. Sodini, Ph.D.
Assistant Professor of Electrical
Engineering

John N. Tsitslklis, Ph.D.
Assistant Professor of Electrical
Engineering

William E. Weihl, Ph.D.
Assistant Professor of Computer
Science and Engineering

Jacob K. White, Ph.D.
Assistant Professor of Electrical
Engineering
(On leave)

Adjunot Professors

Don P. Clausing, Ph.D.
Bernard M. Gordon Adjunct
Professor of Engineering
Innovation and Practice

Robert H. Kingston, Ph.D.
A4unct Professor of Electrical
Engineering

H. Austin Spang IlIl, D.Eng.
A4unot Professor of Electrical
Engineering
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Department of Electrical Engineering
and Computer Science
(Course 6)

Undergraduate Study

Many of the products and services in modem
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. Modem
electronics has made possible sophisticated
Instrumentation systems for use in all
branches of the physical and biological sci-
ences, as well as in most areas of engineer-
Ing. Electrical machines and electronic circuits
control a multitude of systems that deeply af-
fect our lives In many ways. The large quan-
titles of electric power that serve society are
provided by electric motors and generators
and are controlled and distributed by complex
transmission and switching networks.

The tremendous reduction over the last dec-
ade 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 increased understanding of computer sci-
ence has made possible the development of
new software systems of Increased power, so-
phistication, and flexibility.

Modem 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 backgrounds 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 elec-
trical engineers and computer scientists have
developed for the devices and systems with
which they must deal. These models are
based upon 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, including both man-made and bio-
logical systems. Accordingly, the focus of the
undergraduate curricula, and many of the sub-
jects offered for graduate students, is on the
fundamental principles and models of the
electrical and computer sciences. Elective
subjects, laboratory subjects, and thesis re-
search complement this preparation by Intro-
ducing more specialized techniques of
analysis, design, and experimentation in a
variety of fields.

The Department's undergraduate programs
provide the intellectual tools and skills needed
for professional work and form the basis for
continuing study and leaming that is charac-
teristic of engineering leaders. The heart of
the undergraduate programs Is a Common
Core of subjects (6.001, 6.002, 6.003, and
6.004, each Including a laboratory component)
which Introduces all undergraduate majors In
the Department to the principles of organizing
computer software and hardware, as well as
to the fundamentals of electrical circuits and
linear systems. It, as well as many of the re-
quired subjects in the separate programs de-
scribed below, emphasizes mathematical and
physical principles along with the techniques
used in their application to real problems. Be-
yond the required subjects, students may elect
additional classroom or laboratory subjects of
a more specialized nature. Each student's pro-
gram is developed through personal discus-
sion with, and guidance from, his or her
faculty advisor.

The Department offers two undergraduate pro-
grams: Program 1, Electrical Science and En-
gineering; and Program 3, Computer Science
and Engineering. Versions of these two pro-
grams combining study with Industrial engi-
neering practice are available under the
designation VI-A. Both programs are ac-
credited by the Engineering Accreditation
Commission of the Accreditation Board for En-
gineering and Technology.

The curriculum requirements listed for the De-
partment programs are not rigid. Some varia-
tions are routinely permitted, while others are
considered on an individual basis. Approval of
requests for substantial changes may be
granted to well-prepared students whose pro-
posed programs are comparable to the listed
curricula in breadth, depth, and Integrated ap-
proach to a well-defined educational objective.
Changes affecting the Common Core portion
of the curricula, however, are rarely approved.

The major part of each curriculum consists of
classroom subjects presented In lecture-recita-
tion format. These subjects provide an orga-
nized introduction to the principles and
methods of electrical engineering and com-
puter science - an Introduction that Is rein-
forced by regularly assigned homework
exercises and, in many cases, elementary lab-
oratory or design problems. In addition to
these classroom subjects, there are two other
Important components of each program: labo-
ratory-project subjects and undergraduate
thesis.

Laboratory-project subjects expose the student
to the design of experiments, equipment, or
computer programs; the problems of Imple-

mentation; and the evaluation of results. Be-
cause of the Importance of this experience,
students are expected to complete one De-
partmental Laboratory subject in addition to
the General institute Laboratory Requirement.

The undergraduate thesis is the one part of
the curriculum In which the student bears the
primary responsibility for success. He or she
must take the initiative In planning and execut-
ing the work and must present the results both
orally and in a formal written report. There are
deadlines for the completion of these tasks
and students must organize their efforts ac-
cordingly. Students are encouraged to think
about thesis projects early, since preliminary
work may begin even in the junior year.

The Departmental programs allow students to
choose a number of unrestricted electives,
some of which they are encouraged to select
from the areas of science and public policy,
engineering management, inventions, entre-
preneurship, finance, or managerial econom-
Ice. Other elective choices might, for example,
lead to a "minor" In Program 1 or Program 3,
or to gaining more experience with design
activities.

All undergraduates are encouraged to acquire
Industrial experience during their program at
MIT. Many aspects of engineering education
can be more effectively pursued on the job
than In the 6lassroom, especially when stu-
dents see that the knowledge they have
gained at MIT does In fact help to solve real
and important engineering problems. This ex-
perience may be acquired either through par-
ticipation In the VI-A intemship Program or
through appropriate summer jobs.

Additional information about the Department's
undergraduate programs may be obtained
from Professor L. A. Gould, Electrical Engi-
neering and Computer Science Undergraduate
Office, Room 38-476, MIT, Cambridge, Mas-
sachusetts 02139, (617) 253-7329.

Bachelor of Science in Electrical
Engineering
Course VI
Program 1: Electrical Science and
Engineering

Program 1 prepares students for electrical on-
gineering careers in industry, research, or the
academic world. Through a proper selection of
elective subjects students may get a good
foundation for an Industrial career In one of
the specialized branches of electrical engi-
neering or prepare themselves for graduate
study leading to an academic or research
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career in engineering or such related fiids as
physics, matheatics, management, or some
of the social sclences. Program I requires at
least one term of mathematics. Including dif-
ferential equations, and one term of quantum
physics or thermodysamics, beyond the Gen-
eral institute Requirements. This background
supports and complements the Common Core
and the required subjects In electronics, elec-
tromagnedo fields, and electrodynamIcs. Addi-
tional restricted electives allow the student to
choose from thflolds of statistical physics,
probability, or avanoed mathematics.

The Bloelectlcal Engineering Option Is a
vaiant of Program I that prepares students
for a variety of careers In biomedical engineer-
ing and medicine. The required subjects in this
Option are the same as those in the normal
Program 1 curriculum, with the addition of
three subjects in quantitative physiology:
6.021J Cells and Tissues, 6.022J Organ
Transport Systems, and 6.023J Sensory and
Motor Systems. The restricted elective re-
quirement is satisfied by a single cholos from
among the subjects 6.041, 18.313, and
18.440. Other modifications may be appropri-
ats for students who have specialized career
objectives.

Most students In the Bloelectrical Engineering
Option will wish to include several chemistry
and biology subjects In their programs. Note
that, although 5.11 Principles of Chemical Sci-
ence, 6.60 Chemical Thermodynamics, and
7.01 General Biology are not spec floally re-
quired In the Departmental Program, these
subjects are prerequisites for many advanced
chemistry and biology subjects. Only students
with a good high school preparation in chem-
istry and biology should elect not to take 5.11
and 7.01. Those who may be Interested in ap-
plying for admission to medical School proba-
bly will want to elect additional chemistry and
biology subjects, such as 5.310 Laboratory
Chemistry, 5.12 Organic Chemistry 1, and
7.011 Introduction to Experimental Biology or
20.002 Laboratory in Applied Biology. Further
details about the Bloelectrical Engineering Op-
tion may be obtained from the Department.
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Bachelor of Solence In Eleotrical
Engineering
Course VI
Py~rgr 3: Computr Solence and
Enering

Program 3 provides a broad background for
careers In computer systems (including both
hardware and software aspects) or In sophled-
cated applIatons of computers to technical
and organizational problems. it also provides a
solid preparation for graduate study leading to
academic or research careers In computer sci-
ence and related disciplines. This program in-
cludes the Common Core, described earlier,
plus required subjects In artiical Intelligence,
software engineering, lineal and modem alge-
bra, and theory of computation. Restrioted
electives allow the student to choose addi-
tIonal subjects In computer systems or lan-
guage Implementation, algorithms, or robotics.

Although Program 3 Is designed for students
whose primary professional Interest Is In com-
puter science and related fields, it also pro-
vides the background needed to apply
computers in other areas. However, students
whose primary professional Interest Is In the
use of computers within a particular discipline
may be well advised to undertake their major
studies in that discipline with an appropriate
selection of elective subjects In computer
science.
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VI-A Internhip Program

The VI-A Internship Program combines Indus-
trial and research experience with academic
work throuh aseds of organised assign-
ments at olated companies Interwoven with
the regular course of study at MIT. Athough
students may stop at the Bachelor's degree,
the Program encourages simultaneous com-
pledion of the Bachseor's and Maste's degrees
by the end of the fifth year with only the Mas-
ter's thesis required for the two degrees. The
work of the final two VI-A Internship Assign.
ments normall serves as the basis for this
thesis. Since the VI-A Internship Program
maintains a continuing ison between the
participatng 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 emp-
ees of the participating company and
pay as wel as academic credit for their work.

Second-year students who are registered and
In good standing In any of the regular pro.
grams of Course VI may apply for admission
to the VI-A IntemshIp Program during the an-
nual selecdon period In February. The Depart.
ment cannot guarantee the acceptance of a
student Into the Program, however, since
openIngs are limited and the participating
companies make the final selections.

Students In the VI-A Internship Program usu-
ally complete the Bachelor's requirements In
the normal four years, Including a minimum of
two, but occasionally three, Internship Assign-
ments. Academic credit Is eaned, while on
Assignment, by registering for 6.921 VI-A In-
ternship and, when appropate, 6.922, Stu-
dents may request to take subjeots after hours
at sister Institutions for transfer credit at MIT,
when it is necessary for completion of the Pro.
gram within the normal time span. VI-A stu-
dents stoppg at the 8.8. degree may
substitute work done as part of the VI-A In.
temnhip Program for the Bachelor's thesis,
provided the work is approved by a faculty
member and Includes both a written report in
thesis format and an oral report at MIT or at
the company.

Students who wish 'to receive both a Master's
and a Bachelor's degree In the VI-A Internship
Program must apply for admission to the MIT
Graduate School after the Junior year. Stu-
dents admitted to the combined 5.B/S.M. pro-
gram are normally expected to complete four
Assignments with their cooperetng company.

The companies and laboratories partiolpaing
In the VI-A Intemship Program provide a wid
spectrum of assignments In the various flolds
of electrical engineng and computer sci-
ence, as well as an exposure to the kinds of
activldes In which engineers are currently on-
gag. In all cases, VI-A students must re-
maln with the company with which they start
the Program. At the conclusion of the Pro-
gram, students are not obliged to aocept em-
ployment with their company, nor Is the
company obliged to offer such employment.

Additional Information about the VI-A Intem-
ship Program can be obtained from the Dir0o-
tor, John A. Tucker, VI-A Office, Room 36-
473, MIT, Cambridge, Massachusetts 02139,
(617) 253-4644.

Engineering Internship Program

Sophomore students In good standing in the'
Department may apply for admission to the
scholwide Engineering Intemship Program
(EIP). A general description of this program is
provided In the School of Engineering section
of this chapter. Uke the Department's VI-A In-
ternship Program, the Engineering Internship
Program provides a way to combine Industrial
experience with the Course VI academic
program.

Electrical Engineering and Computer Science
students who are accepted for the Engineering
Internship Program register for the usual pro-
gram of sIn either Program 1 or Program
.ic credit for their two

undergraduate EIP assignments by registeing
for 6.925.

Participants in the Program are encouraged to
apply for admission to graduate school. If they
are accepted to and enter graduate school,
they complete their work experience with a
seven-month assignment at their Intemship
company. They receive graduate academic
credit for this assignment by registering for
6.955. In many casses they also satisfy thesis
requirements for both the B.8. and the S.M.
during the graduate EIP assignment.

Additional Information about the Engineering
Internship Program as it applies to Electrical
Engineering and Computer Science students
can be obtained from Professor James K.
Roberge, Room 36-494, MIT, Cambridge,
Massachusetts 02139, (617) 253-5994.
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Graduate Study

Sashelor of Solenos In Eleotroial Bashelor of SoleoS in Cmputer The program of graduate education in the
MnglWeing Bolnce and Engineering Department of Electrical Engineering and

oreVI Course Vi Computer Science has three aspects. First, a
ram 1: Eleatrical Solenie and Program 3: Computer Solence and variety of classroom subjects in physics,

n ng Enginseering mathematios, and fundamental flelda of
electrical engineering and computer sclence is

Degree requirements applicable to Classes Degree requirements applicable to Classes offered to permit atudents to develop strong
that entered MIT priof to September 1986 that entered MIT prior to September 1986 theoretical backgrounds. Second, more
(through the Class of 1080): (through the Class of 1980): specialized classroom and laboratory subjects

and a wide variety of colloquia and seminars
GOMMra tut nremtnt TOa UnIte Generl Instt Requemnt Toal unne introduce the student to the problems of

current interest in many fields of research, and
Science Requrement so Scence equirement a6 to the techniques which may be useful in
Humanitues, M, and Social Sclences irement 73 Humanniee, and scoW solence requirment 7 attaaldng them. Third, each candidate for any
sdace Olanuetl Seemenol cence Doluon Requaemen advanced degree conducts research under the
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Three advanced degree programs are offered.
A well-prepared student enrolled in the Master
of Science degree program normaliy requires
about two years to complete formal studies
and the required thss research. With an ad-
ditlonal year of study a student who does su-
perior thesis research can resolve the degrees
of Electrical Engineer and Master of Science
concurrently. The completion of the doctoral
program usually taks about fe and onehalf
years beyond the Bachelor's degree. The De-
partment, with rare exception, requires a doo-
toral candidate to have completed a Master of
Science degree at MIT or elsewhere.

There are no fxed programs of study for these
degrees. Each student plans a program in
consultation with a Graduate Counselor, a
member of the faculty whose professional field
Is related to the students Interest. As the pro-
gram moves toward thesis research, it usually
centers in one of a number of areas, each
characterized by an sove research program.
Areas of specialization In the Department
which have active research programs and re-
lated graduate subjects include: systems,
communication and control; computer slience;
arutilaa intelligence; electronlos, computers
and systems; eleotromagnetios and dynamlos;
energy conversion devices and systems; ma-
terials and devices; VLSI system design and
technology; communication and probablislti
systems; operations research; optics and
quantum electronics; bloeleotrical engineering;
high-voltage radiation engineering; strobo-
scopio photography and underwater sound.

In addition to graduate subjects in electrical
engineering and computer science, many stu-
dents fnd it profitable to study subjects in
other departments such as Biology, Econom.
los, Ungultlics and Philosophy, Management,
Mathematics, Physics, and Brain and Cogni-
tive Sciences.
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The informal seminar is an important macha-
nism for bringing together members of the var-
lous research groups. About 16 seminars
meet every week. In the", graduate students,
facuity, and visiors report their research In an
atmosphere of free discussion and critialem.
Thee open seminars are excelent places to
earm about the various research activities In
the Department.

Research activtlies In electrical engineering
and computer science ae carried on by stu-
dents and faculty In laboratories of extraordi-
nary range and strength, including the
Laboratory for Information and Doclsion Sys-
ISms, the Research Laborat of Electronls,
the Laboratory for Computer Science, the ArtI-
fiial Intelligence Laboratory, the Center for
Matedials Science and Engineenng, the Labo.
ratory for Electromagnetic and Electronic Sys-
tems, the Energy Laboratory, the Center for
Space Research, Lincoln Laboratory, the

H Ig Rerch Laboratory, the Fran-
cis Blternall Magnet Laboratory, the Op.
erations Research Center, and the
Stroboscoplo Light and Pulsed Sonar Labora-
tory. Pull description, of many of these labora-
tories, Including a list of current projects, may
be found In Chapter VI.

Requirements for Graduate Study

Because the undergraduate backgrounds of
applicants to the Department are varied (elso-
trical engineedng, computer science, physics,
mathematics, biomedical engineering, for ex-
ample), no specific admissions requirements
are listed. The backgrounds of all applicants
are studied carefully to assure that they meet
the principal prerequisites necessary for their
graduate programs. Appionts with unusual
academic backgrounds are encouraged to
communicate dire*iy with facuity members In
their proposed area of study for advice. In any
cas, superior aohievement In undergraduate
sciences is considered particularly Important.

Master of Science In Electrical Engineeing
mid Computer 8aence

The general requirements for the degree of
Master of Science are given In Chapter IV.
The Department requires that the program in-
clude at least four formal graduate-level class-
room or laboratory subjects (Iled as "A"
subjects). Students woddng full time for the
Master of Science degree may take as many
as four classroom subjects per term. The sub-
jects are wholly eleotive and ae not restricted
to those given by the Department. The pro-
gram of study must be well balanced, empha-
siaing one or more of the theorescal or
expeinMnt aspects of elecical engineeing
or computer soence. A thesis le requred.

Electrical Engineer

Able students who desire more extensive
training than is possible within the Master of
Science program are encouraged to study for
the degree of Electrical Engineer. This degree
may be awarded for work In ether Electricall
Engineering or Computer Science. The course
of studles for this degree la elective, and a
thesis is required. The program ordinarily re-
quires at least four terms of graduate study
beyond the Bachelor of Science level. The
general requirements for the Engineers de-
gree are given In Chapter IV. The Department
also requires that the program Include at least
eight approved graduate "A" subjects.

Doctor of Philosophy and Doctor of
Science
The general requirements for the degree of
Doctor of Phliosophy or Doctor of Science are
given in Chapter IV. Only students who have
shown promise of perfmin truly creative
work are encouraged to study for the doctoral
degree. Doctoral carididas are expected to
perform thesis work which Is a significant con-
tribution to knowledge and to participate In the
educationial program of the Department. Stu-
dents beginning graduate work In the Depart-
ment are required to qualify first for the Master
of Science or the Electrical Engineer degree;
the quality of the thesis submitted for these
degrees Is a major component in the decision
to qualfy a student for the doctoral program.
Students who have completed a Masters de-
gree elsewhere are required to submit ev-
dence of research accomplishment before
being qualified for the doctoral program.

All regular graduate students who Intend to
enter a doctoral ram are required to com-
plet a writen e naton early In their grad-
uste study. For students not specializing In
computer science, the examnatiqn occurs in
January of their first year of graduate study
and is designed to expore studemns' under-
graduate preparation for graduate study. For
students specialiing in computer sclence, the
examination occurs In January of their second
year of graduate study and is designed to
evaluate student preparation In those areas of
computer science which the facuty believe to
be fundamental to graduate study In this field
at MIT.

The General Examination consists of the wrt-
ten examinaion described above and two oral
examinations. One oral examination is nor-
mally taken in the third term of graduate study
and the other in the fifth term. When the doo.
toral thesis research is completed, a twsis ex-
amination is held. A Minor Program is required
by the Department and must have departmen-
iW approval.

Joint MIT-Woods Hole Ooeanographlc
Insttution Prograr
Couree VI-W

A joint program with WHOI is Intended for stu-
dents whose primary career objective is
oceanographic engineering. Students divide
their academic and research eliorts between
the campuses of the two institutions. The pro-
gram is described in more detl under the
section at the end of this chapter on MfT's
Joint Program in Oceanography and Oceano-
graphic Engineeing with the Woods Hole
Oceanographic institution.

Other Degree Programs

Graduate students enrolled In the Department
participate in several of the interdepartmental
degree programs described In detali In Chap-
ter VI. Among those programs are: Biomedical
Engineering, Management of Technology Pro-
gram, Operations Reearch, and Technology
and Policy.

Fellowships and Reeearch and Teaching
Asaistantehipe

Studies toward an advanced degree can be
supported by personal funds, by an award
such as the National Science Foundation Fel-
lowship which the student bdngs with him or
her to MIT, by a fellowship or traineehip
awarded by MIT, or by a graduate assistant-
ship. Assiltantships require participation in re-
search or teaching in the Department or in
one of the associated laboratories. Assistants
normally register for two or three scheduled
classroom or laboratory subjects, depending
upon the terms of their appointments, and
may receive addlional academio credit for
their participation In the teaching or research
program. Many assistants spend two years in
a program leang to the simultaneous award
of the degrees of Master of Science and
Electrical Engineer; the Department
encourages assistants to pursue such pro-
grams. A brochure on Research and Graduate
Sin E1aOlo En ng and Computer
Solence at MIT describing research and
teaching opportunities In detal may be ob-
tained from the Department.

inquiries

Additional information conoeming graduate so-
ademic and research programs, admissions,
financial aid, assistantships, eto., may be ob-
tained from Horace M. Smith, Jr., Room 38-
444, MIT, Cambridge, Massachusetts 02139,
(617) 258-4606.
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Department of Materials Science
and Engineering
(Course 3)

Undergraduate Study

Matedals science and engineerIng comprises
the generation and application of materals-
related knowledge. It Is concerned with the
structure and propertles of materals, and the
control of structure and properties through
processing. Engineering goals include new
mealls for Improved devices and machines;
they also include lower cost materials and pro-
caes for Improved Industrial productivity and
competitiveness. Materials science and engl-
neadng Is critical to all other fields of OnI-
nering, and advance. In these other fle ls
are often limited by advances In materials.

Materials with which the department concerns
Iself Include electronlc materials, ceramics,
metals, and polymers. Modem computers and
other electrontc devices rely heavily on new
electronic materials. Similarly, new ceramics
and modem metal aloys are crtcal to high
performanos engines Including aerospac en-
g1ne0, and polymedc materials continue to
show starling Improvements for many engi-
nearing apploations.

Cung across these four materials classes
are the besic science and enginering of ma-
terials. Materials scienes 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 ar-
rangement of the stoma or molecules in orys-
taiing or amorphous configurations; or the
0se, shape, and odentaton of the crystals or
other macroscopic units of a solid. To under.
stand how the useful properties of a material
can be modified, it Is necessary to understand
the relatonahips between structure and prop.
ert1ee and how the structure can be changed
and controlled by the vadous chemical, ther-
mal, or mechanical or other treatments to
which a material Is subjected during manufac-
ture and In use. The fundamental understand-
ing of materials developed through materials
solence has replaced empideism as the basis
for development of new materials. Whole
classes of new matedals such as semiconduo-
tore, superoonduolors, and some high temper-
ature alloys have their roots in modem
maledals science.

Al recent aohievements In materials have de-
pended as much on developments in materials
engineedng as they have on matedials si-i
ance. When d preses for prepa-
raton and production ratedals, and when
designing materials for specific appilcatons,
e modem maWdls must have a

of the modem on ------ sciences In-
hen and mass eand chemical

kinetics. He or she must also have a proper
concern for economic, social, and envion-
mental factors.

Materials processing Is a m part of ma-
tedals enginedng. imp d 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 productv of in-
dustrial processing of materials. The Dpart-
ment 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 engIneerdng and
matedals science are very strong, and the two
activities are Interwoven In the Department.
There are some subjects which all students of
materials should know - thermodynamics, Id-
nation, and certain aspects of solid mechanics,
physics, and chemistry. Suitable core subjects
In these areas are provided at the undergrad-
uate and graduate levels. In addition, subjects
covering a wide variety of topics from sold-
state physics to the analysis of materials sys-
teme are offered. By the selection of appropd-
ate subjects, the student can follow many
different paths through the solence and engi-
neering of materials, with emphasis on engi-
neering, science, or a mIxture of the two.

Matedal science and materials engIneedng
disolplines seek to identify and understand the
principles, phenomena, and that are
besic to all materials. Many lindustdes to-
day manufacture products containing a large
vadety of different matedils, and their mate-
rials engineers must acquire a wcrldng under-
standing of the basic behavior of al thsm.
However, there also are many large Industries
In which a single class of material (e.g., steel,
polymers, glasses) is manufactured and pro-
cessed, and their materials experts must have
a knowledge of various aspects of the science
and engineedng of one lass of material.
Thus, programs are provided In the Depart-
ment which enable a student to specialize In
the science and engineeng of ceramics, eleo-
tronic materials, metals, or polymers.

Materals engineers and matedals scientsts,
whether generalists or specialists In a partiou-
lar class of material, are In contInuing do-
mend by Industry and government for in
research, development, production, and man-
agement. They find challenging opportunities
In a wide variety of important position In op-
eragons, development, and research In the
fast-growing electronics Industry, In aero-
space, In consumer industrIes, and in the
basic materials preparaon and producing
Industres.

lachelor of Science In Maleriale
Solense and Engineering
Course l

The urgraduate program addresses the dl-
v eed of students who Intend to pursue
employment or raduate work In the engineer-
Ing or science omaterials. The decision to
mAr In this field may be reached by students
as -t as the end of the sophomore year.

For these reasons, the curriculum Is flexible.
Understanding of materials Is developed from
a foundation of physical and engineering sol-
enose and a core of subjects In mechanics,
thermodynamlos, crystal structure, and struc-
ture-property relations. While thee essential
subjects are taught within the Department us-
Ing relevant examples to Ilustrale the material,
appropriate substitutions of subjects takerin
other departments are permitted and, Indeed,
encouraged when a student has somewhat
different educational objecves. The degree
programs In Course IlIl arml Course 1118 are
accredited by the Accreditation Board for En-
gineerng and Technology, whereae the de-
gre. program In Course Ill-A is not accredited.

The eleotive program In materials Is choen,
with the help of an advisor, to give depth In
one or more specific materials areas (metal-
lurgy, ceramics, polymers, electronic ma-
tedlis) and breadth across these areas. The
technical areas covered in the elective pro-
gram Include the extraoton, preparation, and
purification of mateials; the proceseing and
fabrication of materials by deformation, heat
treatment and phase change; the study and
control of struure perty relations In metal-
lic, ceramic, polyme, a electronic ma-
teals; and the physics of solid materials in
general. Many graduate subjects are open to
undergraduates with the necessary

Other choloes under the elective program are
also possible. A student may conentrate
elective time on modem production or re-
search management techniques In the ma-
trials Industry, or on the technology
appropriate to a specific Industry, or the stu-
dent may choose a program which provides a
sound basis In materials science and engl-
neaing from which a coherent graduate pro-
gram can be developed.
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Participation In laboratory work by undergrad- Bachelor of Science In Materials
uates Is an Integral part of the curriculum. Scienac and Engineering
Laboratories are not associated with particular Course IlIl
subjects, and, especially In thesis work, the
uncdergraduate student has acss to exten- Degree requirements applicable to the Clan
sive facilities for research In materials. entering MIT In September 196 (CIA" of

1990) and subsequent Classes:*'
The teaching facilities, some of which are lo-
cated In the Center for Materials Science and
Engineering and the Materials Processing
Center, Include an electron-optlcs laboratory;
electron microscopes and microanalyzers; and
complete test apparatus for the study of me-
chanil, thermal, electrical, and magetic
properties. In the ceramics labora most
types of refractory as well as electrical ce
ramics and glasses can be prepared and their
properties studied. Facilities for the growth
and charateration of metalli and nonmetal-
Il crystals are available. The chemical metal-
lurgy laboratods contain equipment for the
stu of heat and mass flow and for thermo-
dynamic and Idneto Investigations at high
temperatures, as well as for the processing of
various materials. The materials processing
laboratories a eqipped for work on defor-
mation, solidification, joining, and vapor depo-
sion as processing techniques. Laboratories
In polymer structure and properties, surface
chemistry, and corrosion are also open to un-
dergraduates.

Students who decide before the sophomore
year to study materials science and engineer-
Ing can facilitate their later progress by Includ-
Ing 18.03, 3.00, and 3.01 (or equivalents) in
their second-year subjects. The third and
fourth years may then be devoted to study, In
some depth and with adequate preparagton, of
areas such as ceramics, metallurgy, polymers,
and electronic materials through appropriate
use of upperolass elocve time.

Some students, on the other hand, do not
wish to make a choice of major until their Jun-
ior year or may wish to use their upperolass
eleotive time to the fullest possible extent In
the second year. Generally, it Is possible to
complete te Departmental Program and Insti-
tute Requirements In two more years, espe-
clally If one of the second-year Science
Distribution subjects Is In mechanics of solids.
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Bachelor of Science
Course l-A

Msjor problems that our society must solve re-
late to the optimal development and exploits.
don of our energy, environmental, human, and
material resources. Many aspects of materials
science and englneering Involve diverse con-
sideratons which no single department Is
qualied to handle. A National Academy of
Sciences study has shown that while only a
smal fraction of scientists and engineers re-
cegvegrees I n mateials science and engl-
needng, fly a tird of a scientists and
enginsee are professionally Involved In mate-
dals-related problems. One of the basIc objeo-
tives of Course Ilil-A Is to provide an
opportunity for students to become famliar
with the characteristics of matrla and with
methods used to control and evaluate their
properties In paralel with the study of other
-res of engineering or science. Generally, a

cram an be set up to saisfy Individual
suet goals,

Students must submit a complete plan of
study to the Department for approval no later
than the beginning of their junior year and are
required to adhere to this plan. For this rea-
son, Studenta ae urged to discuss their plans
with appropriate faculty members as eary as
posileS-bcn oEaar u ente may be paited by p een.

dnecan Oel up l is un.

& 4
U
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The curriculum requirements for Course Ill-A
are similar to, but more flexible than, thoe for
Course III. Four subjects are to be seleoted
from among 3.00, 3.01, 3.10, 3.11, 3.16,
3.185, and 18.03; one boratosubject from
among 3.065, 3.075, 3.061, 3.0, and 3.064;
and three subjects from among the remaining
Restricted Electives shown under Course Ill.
in addition, the student and his or her advisor
should develop a program of Six planned aec-
live subjects, which are not specified in terms
of department, In order to attain the goal do-
fined by the student. Further details on the de-
gree requirements and planned elective
programs may be obtained from the
Department.

bohelor of Golence In Materiale
Solence and Engineering
Course 11W

This program provides a student with industrial
expeence co-crrently with academic work
through cooperative work asslgnments
matched to the student's OapabNlido. A faculty
advisor Is assigned to each student to act, to-
gether with a company representative, as co-
supervisor during his or her work ments.
Care is taken to ensure a more alegn
and rewarding experience than is typical
most summer Jobs. Students eam a salary
during their work periods and also receive so-
ademic credit. Growth in job reeponsiblity Is
expected as the student prgese .

Admission to the program Is preferably ob-
tained during the second year so that the work
periods follow during that summer and the,
summer of the third yew. This work program,
propely reported, may be used to satisfy the
undergraduate theela requirement.

The program is particulariy attractive to stu-
dents who wish to study for the combined
8.5.-8.M. degree, requring ve year for com-
pledon. Such students, if saisfy the re-
quirements, apply for admission into the
graduate school dudng the senior year. They
then complete two further consecutive work
terms. A single thesis, which is ordinarily
based on the industial experience, suffices for
the combined degrees.

Students electing the Engineering internship
Program, which is described in detail at the
beginning of the School of Engineedng in this
chapter, would register in Course 1Il-B.

The curriculum for Course Iil-B is the same as
for Course Ill, except that 12 units of 3.g30/
3.31 Industdal Praet are substtuted for the
thesis. Further detais may be obtained from
the Department.

inquiries

Additonal informaton regarding undergradu-
ae programs y be obtained from Professor
D. R. Sadoway, Room 1-10g, MR, Cam-
bddge, Massachusetts 02139, (817) 253-347.

leehelor of Selenes In Maeriale
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Degree reqirements appliable to Classe
that entered MIT prior to September 166
(through the Class of 109g):
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Graduate Study

D -prmn Degree.

The Department offers the degrees of Doctor
of Philosophy and Doctor of Solence in Co-
ramlos, In Electronic Materials, In Maerials
Engineeding, MaterialS Scence, in Metal-
lurgy, and Polymers. it ofers the degree. of
Master of Solence In theee same filds and,
also ofers the degrees of Maedals Engineer
and Metallurgical Engineer.

The ields are deecribed briefly below. A de-
sciption of 16 to 20 eletIes subjects In each
of these fields is provided In Chapter Vill and
In literature available from the Department.
The subjects 3.20 Thermodynamilos of Mate-
dals and 3.21 KInetc Processe of Materials
are basic to all degree programs and cons-
tute a required core for all graduate students
enrolled In doctoral programs In the Depart-
ment. This requirement may be waived upon
petition to the Departmental Committee on
Graduate Students If it may be demonstrated
that equivalent coverage of the material has
been secured In previous study.

Ceramlee. The field of ceramics is concerned
with the solence and engineering Involved In
the manufacturing, processing, and utiliation
of a wide range of Inorganic materials which
Include oxides, nitrides, carbides, silicates,
and more complex compounds. Ceramic ma-
tersis are essential to many diverse indus-
tries. In recent ya arge research and
development effort has resulted In Important
extensions of the useful properties of tradi-
tional ceramlos and has led to the develop-
mont of many exctin new materials. The
core subjects are 3. ThermodynamIcs of
Materials and 3.21 Kinetic Processes In
Materials.

EleIrnlo Materials. The feld of electronic
materlals is concerned with the science and
technology of-matedals for Semoonducting,

and superonducting device
. It further concemed with the

design and reelization of useful materials
through understanding and control of te inter-
play between electronic processes and struo-
turel aspects - aTomic arangemnts, defects,
Interfaces, and phase consitutlon and mor-
phology. Research within this field includes
electronic materials processing In bulk and
thin-lm form; characteritaon of the eamloon-
du", Opcal, and magnetic properties of
mreif and amorphous materials In relation
to their microstructure and composition; and
theore l and e mt of the ele-
trono c-of -liquid, and

Interfacs and their Impications for de-
. In addition to 3.20 and 3.21, the core

subjects are 3.43 Physics and Chemisty of
Materals and 6.732J Physics of Solids 11.

Materials Engineering. Materials engineering
Is concerned with technicay and economically
fossible solutons to problems of materials
produoton and utilization. it Involves the syn-
theels of fundamental and practical knowledge
to develop, produce, modify, and apply ma-
terdla to meet specfic needs. Research within
the filid involveasssue relai to physical
and chemical aspects of materials extraction,
production and utilization, to problems of inno-
vation, coets, quaity, and rellablIty, and to so.
oietal and environmental concerns. In addition
to 3.20 and 3.21, the core subjects are 3.56
MacoNpi Tranport in Materials Processing
and 3.86 Enginedng Systems Analysis.

Malerials Selense, Materials science is the
study of common pinciples and fundamental
phenomena which underle the structure and
properties of a wide range of materials: met-
als, ceramics, polymers, and electronic ma-
toerals, which are frequenty used in
combination. The common principles Involved
are those associated wih electronic structure
and bonding, stomlo arrangement, phase sta.
bility, and the role of Impert and micro.
structure. Fundamental phenomena
considered include atructura and phase trans-
formatons; reactivity; mass and charge trans-
port; Interface behavior; and the optical,
electronic, and mechanical responses to Inter-
nal and external stimuli. In studying these
principles and phenomena, materials science
employs maycharaterization a ohe,
drwn heanl diffraction an mgn

mehd, as well as microanalysis adcorm.
puter modeling, to provide cherent deecip.
tions of materals structure and struotural
Imperfectons to which particular materials
properties can be asbed. in addition to 3.20
and 3.21, the core subjects are 3.271 Struo-

lure of Materials, 3.31 Phase Transformations,
3.33 Defeots in Crystale, and 3.43 Physics
and Chemistry of Materials.

Metallurgy. This weil-established discipne
encompasses the study of metallic maleale,
elemental, aoy, and compoelte. it Includes
the pmoessIng of ores and minerals; extract-
Ing and refining of metals by chemical pro-
cesses; the moi alnyin, and casting of
metals; and cont of structure by techniques
such as heat treatment and mechanical work-
Ing. The relations between composition, struo-
ture, and propertes of metallic materials and
the study of the behavior of metals under ser-
vice conditions are Important parts of the field.
Metallurgy Is viewed as a coherent discipline
and all candidates are expected to have a
-working khowledge of both chemical and
physical areas - though not usually to the
same depth. Sultable programs are likely to be
Individuaisti, and may be constructed In a
number of ways from the various subjects
avalable. In addition to 3.20 and 3.21, the
core subjects are 3.40 Physical Metallurgy and
3.50 Physical Chemistry of Metallurgical Pro-
ceases.

Polymers. Synthetic high polymers, "plastics,"
are long molscules, the principal constituents
of whaih are typically carbon, hydrogen, oxy-
gen, chlorine, and a few other elements. Se-
cause of the unusual nature of carbon
bonding, an Infnite number of combinations
can be conceived and produced, with virtually
all exhibitng low specific gravity, ease of melt
forming, and a wide range of properties, de-
pending upon composiion struclure, and pro-
cessing h . Both the solence and the
enginedng materals have reached a high
Jevel of sophistiaton in this flid: linear,
cross-linked, crystalline, amorphous, oriented,
glassy, rubbery, strong, stiff, homopolymers,
copolymers, trpolymers, blends transparent,
opaque, filled, reinforced, aloys, bompoeltes,
laminates, and adhesives are but a few of the
descorpte aspects which can be controlled
and manipulated to achieve a desirsd profle
of properties.

Numerous opportunities exist for a student to
concentrate on speoif areas of polymer aol-
os or engineering: physical properties, me-

chanicai behavior, chemical synthesis and
modification, 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 inddual inter-
esta. In addition to 3.20 and 3.21, the ce
subjects are 3.91J Mechanical Behavior of
Plastic, 3.03 Materials Science of Polymers,
and 3.961 Polymer Synthesis and Properties
or 10.001 Synthesis of Polymers.

157Desftmet of altl olec a"dWngng



7 _. _7 '.W-_
z -- > -~& -R,

Sghool of Enginrifng 15

The various graduate fields are not separated
by sharp boundaries. Each member of the de-
partmental faculty works in at least two of
these fields and a number 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 to other activities on
materials within the Institute. Faculty from
other departments participate in the depart-
mental teaching and research In these fields.
Subjects offered by other departments are,
whenever appropriate, included in the recom-
mended electives, and many departmental
students participate in multidisciplinary re-
search projects with students and faculty from
various parts of the institute.

Students are expected to loam the fundamen--
tals of their chosen field and to develop a
deep understanding of one or more significant
aspects 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. In addition, arrange-
ments can be made for Individually planned
study of any topic. Apart from 3.20 and 3.21,
students are not required to take any specified
subjects, but it is strongly recommended that
they take further appropriate core subjects un-
less they have taken equivalent subjects ear-
ler in their careers. The selection of subjects
and decisions about combinations of subjects
which constitute a minor usually require much
thought by the student, as well as consultation
with faculty advisors.

A large and active research program on the
structure and properties, preparation, and pro-
oessing of materials, with emphasis on oe-
ramics, 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 altema-
tive opportunities which exist within the De-
partment, and work closely with an individual
faculty member. The results of the research
must be of suffcient signifcance to warrant
publication in the scientific literature. There are
a large number of well-equipped research lab-
oratories In the Department, and there Is much
Interaction between them, Including sharing
experimental facilities and equipment. Most
members of the Department also are mem-
bers of the Center for Materials Science and
Engineering, which provides and maintains ex-
cellent central facilities Including a machine
and instrument shop. The Center promotes in-
terdisciplnary research on materials and is
described in Chapter VI.

Master of Solence in the Management of
Technology

Students who would like to apply their ma-
terials science and engineering background
and at least five years of technical work expe-
dence to Issues in technical management may
want to explore the Management of Technol-
ogy Program. Jointly developed and offered by
MIT's School of Engineerino and the Sloan
School of Management, this Program entails a
rigorous twelve-month curriculum, focusing on
management principles for technical people in
a technical environment. The Program Is de-
signed for scientists and engineers on a ca-
reer path requiring increasing managerial
responsiblities 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 Technol-
ogy and Policy. This program combines
subjects in advanced technology in the partic-
ular field of the student's choosing with sub-
jects In economics, systems analysis, political
science, and law. General requirements and
application procedures are described in
Chapter Vi.

Mineral Resources Engineering and
Management

Students in the Department with interests in
the scientif, technical, and policy aspects of
mineral resources can find related programs of
study and research In the areas of metallurgy,
ceramics, and materials engineering. These
activities are gleo coordinated with the Inter-
disciplinary program in Mineral Resources En-
gineering and Management described in
Chapter VI.

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 covering the matter are found in Chapter
IV. Additional Information on requirements that
must also be met to obtain the Master of Sci-
ence degree from the Department of Materials
Science and Engineering may be obtained
from the Department.

Joint MIT-Woods Hole Oceanographic
institution Program
Course Ili-W

A joint program with WHOl is Intended for stu-
dents 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 Oceanographic Engi-
neering with the Woods Hole Oanographic
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 sum-
marizing the thesis. The Department requires
that candidates for the doctoral degrees go
through a qualifying procedure before continu-
Ing with their programs of study and research,
and that they satisfy a minor requirement. In-
formation on this procedure and on the areas
covered by the general examination is avail-
able from the Chairman of the Departmental
Committee on Graduate 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 thermody-
namics and kinetics at the undergraduate level
are advised to take 3.01 Physical Chemistry of
Materials and 3.02 Crystal Defects and Phase
Transformations. Students wishing to do grad-
uate work in ceramics are asked to take 3.07
introduction to Ceramics unless they have had
a similar subject in their undergraduate pro-
grams.

Teaching and Research Assletantships

The Department offers assistantships and fel-
lowships for graduate study. Research and
teaching assistantships are available In the
fields in which the Department Is active.

Inquiries

Additional Information regarding graduate pro-
grams, admissions, financial aid, etc., may be
obtained by writing to the Chairman of the De-
partmental Committee on Graduate Students,
Professor B. J. Wuensch, Room 8-303, MIT,
Cambridge, Massachusetts 02139, (617) 253-
3329.
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Engineerng Is a oreative profession con-
cmed with the combining of human, material,
and economio resources to satisfy the needs
of society. Mechanloal is one of
the roodet and most versatile the engi-
nearing prsin.

The educational program in mechanical engi-
nsng prepares students for professIonal
practice in an era of rapidly advaning tech-

t combines a strong base In thengi-
sonenoes (mechanics and materals,

fluid adtrmal soleefos, and systems and
control) with project-based laboratory and de-
sign experencel. t stdves to develop Indepen-
dance, oreative talent, and leadership as well
as the capability for continuing professional
growth.

Several broad area of professional conoen-
traton desoibed below are Illustrative of the
rewdig career opportunities for mechanical
w ing 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 conser-
vation, especially the conversion of thermal,
nuclear, chemical, mechanical, and electial
energy. New concepts In turbines, generators,
boilers, and Internal combustion engines, as
well as heat pumps, fuel cells, thermionlo con-
verters, and solar heating systems are of In-
ters.

Given the Importance of energy supply, this
field is fundamental to our economy. Mechani-
cal ennei provided a broad background
for acareerin almoetall aspects of the power
and energy Industries.

Environmental Engineerng. The approach
to environmental prolIems refoots the dual
goals of hai environmental degradation
and of designing technologIes for conserving
limited material and energy resources. Exam-
ples include: modeing the transport of polu-
tents In air and In water; Increasing water
supplies by desalnaing salt water and by pu-
rifying waste waters; recycing solid wastes;
Increasing the durablity of capital and con-
suer g ; controling the ecological im-
po thermoheoal pollutants; regulating
thermal pollution by rading the heat-trans-
for technology of towers; Improving
food upplisby explng the potentals of
sewage and thermal wastes; and ieducing the
levels of toxic chemicals emitted from automo-
biss, alroraft, and various Industrial faciflies.

These diverse aqgvitles In the Department
share a common commitment to reducing on-
vhronmental hards while converting potental

labiNtlee into matedal and energei assets.
This commitment demands an understanding
of physical, chemical, and biologic aspects
as well as of ecological prooesses.

Biomedical n . There is a growing
recognition of tenormous potential of W
enc and neeng for the advancement of
human this Inludes deeper under-
standings of physiology, advanced methods of
medical dlognoele and therapy, more effeotve
and economical health care systems, and the
development of devices concemed with all the
foregoing.

An undergraduate foundation In engineering
can be directed either tcard a career as a
biomedical engineer, or toward medical school
and practice and resar oh In medicine. The
Department of Mschanical Engineedng, with
its course offerings In biomedIoal engineering
and its eton"lve research programs In medi-
cally related topics, provides an excellent un-
dergraduate base for either of these
directions. Ample opportunity exists, through
project laboratories and thesis, for
enginedng-basd medical research and/or
clinloal experience.

Mnuufeturing and Materials Prooesing.
Mechanical engineers have a strong interest In
the production of equipment, components, and
materials. The manufacturing Industry com-
prises a major element of t economy, and
Its productivity strongly Influences domestic
lving standards and compeive positions In
Intemational 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,
Implementation, and operation of complex
manufactuing systems; and optimization of
proosses and products relative to socletal
needs. This field includes computer-controlled
automation of complete manufacturing sys-
tem, and robotics.

Mechanics and Materials. More than ever,
new concepts in designs, the use of new ma-
terials, plus the economic need to conserve
materials are challenging the Ingenuity and re-
sourcefulness of todays engineers in the area
of mechanics and materials. A disciplinary
program in mechanics and materials has
many diverse applications, and may include
oourses on the staio and dynamic behavior of
structures, acoustics, the mechanics of oon-
tinua, the mechanical behavior of conventional
and newly established engineerng maerials,
and modem methods of computational me-
chanlos to analyze slids and structures.

Machnal EngI einn Design. Design, in
the engineedng sense ofdeNberate creaon of
something new and useful, is at the heart of
most of the diverse felds In mechanical engi-
neering. Design in itself can be rewaring, and
core courses provide the broad background
upon which advanced design courses in ape-
ciflo discipinary ields are buit. Undergraduate
anid raduae experience Incudes courese
=nt from introduction to design, through

machine elements, design projects, and com-
puter-alded design, to advanced design proj-
ects ofering an opportunity to develop
prolotype 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 transportaion of people
and goods vitely affects the economy and the
quality of ife. The growing need for beter
tranportation services coupled with increasing
emphasis on safety, environmental protection,
and conservaton wrates many new
end ;x oppouiies for mechanical on-
ginese Isduat to contribute to ts Im-
podtent . Mechana engineerng
encompasses the basio technolee of trane-
portaion, Including structures , guide-
ways, and terminals), power and ,
and automaion and control. The core program
provides a sound background for
almost any of the many t a
but particularly those related to ground trane-
portallon.

System, Computers, and Control. This feld
centers around the methodology for the ans-
lytoal modeling, computer ,nd
control of all tp of nineeng systems. it
includes the application of omputers to engi-
neering analysis, opimization, and desn,
and the use of feedback techn ques
dated hardware to automate or control phys-
ical devices or processes. The low-cost
microprocessor is already revolutionwi
design of devices in such developing l as
automated manufaolung, pow erdn
energy conservation, transportation, pollution
control, and health care.

Mechanical engineering provides the strong
engineering-solence base needed for profes-
sionhl work in this id combined with a range
of basic and applied coursee and lorti
in automatic control, system dyamics, com-
puters, and computer d esign. Edu-
oational opportunites are enhanced by local
computer facinles which alnow students
"hands-on" experience in digital, analog, and
hybrid computers along with interactive
graphics,
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Nosearch Laboratore and
Proam-

The Department is organized into three divi-
lons: Mechanics and Materials, Thermal and

Fluid Sciences, and Systems and Design, and
has acive research programs at the forefront
of a wide range of felds in these are".

The educational opportunities afforded stu-
dents in mechanical engineering are enhanced
by the avalabty of a wide vaety of research
laboratories and programs, and wol-equipped
shpe and computer faciNes.

Many are interdepadmental laboratodee and
centers, described in detall In Chapter VI:

Center for Transportation Studies
bep aboratory

kmvdnCenter
Laboratory for Manufatouring

Ond Produouvay
ining and Mineral Resources
nesearch inatiute

Among the more inportant Departmental labo-
raodes, and their major areas of research,
are:

Acoustlos and vibratIons Laboratory -
vibraton and annoustlal studies applied to a
diverse range of problem areas.

Eric P. and Evelyn . Nspna Laboratory
for Biomshanie and Human Rehabilita-
don -lechnology appropdate to human reha-
bmitaon, including development of artificial
libe end hip Iplants, basic studies of hu-
man molty, and aids to the blind.

meanong Gas Dynamics Laboratory - fluid
flow, chemical reacions, and excitaton pro-
oessee occuring in the fields of power gener-
aoon and energy conversion.

combueton and Propulsion Laboratory -
combusion-Guid mechanics problems arising
fom fire, explosion hazards, and energy con-
version.

cryogenio Engineering LOa ory - su-
pRonducting el-1ido g-rAS and preser-
vaton of Hving biomatedale by freezing.

Pibers and Polymere Laborlorie - fiber
physitextle procesi dynamics, polymer
engineering, and the development of teological
matderls such as artficial Oldn.

Fluid Mechanlos Laboratory - research
areas which reflect the variety of applications
of fluid mechanics: nuclear power plant safety;
environmental protection; cardiovascular, pul-
monary, and ocular flow systems; computa-
ional fluid dynamics; laminar stablity,
turbulence, and oscillatory flows.

Heat Transfer Laboratory - heat transfer
and cooling in a variety of applications, includ-
ing electronic devices, nuclear power, thermal
modeling of biological tissue, and moisture mi-
gration in building matedals.

Man-Mohine Systems Laboratory - inter-
actions between people and the systems
which they control.

Machine Dynamics Laboratory - studies
the dynamics of high-speed mechanisms, ma-
chines and control systems, and the use of
dynamical response data for operational diag-
nosoics.

Melienloal Behavior of Mater1als Labora-
tory - mechanisms of deformation and frac-
ture processes in engineedng matedela.

Laboratory for Medical Ultrasonios - app-
cation of ultrasonic radiation to surgery, diag-
noois, and to the treatment of tumors through
hyperthermia.

Sloen Automotive Laboratory - fundamen-
tel combution studies, iniemal combustion
engine research, gas turbine and bumer re-
search, and policy and technology studies.

Surface Laboratory - various aspects of tri-
bology, including hihpeed Motion, wear
theory, lubrication, iction and adhesion, mag-
noo recording and siding elecido contacts.

Vehle Dynamics Laboratory - Improving
the dynamic performance characteristics of
ground transport vehicles and their -ideways
with specifi atention directed to dynamic per-
formanos, safety, de quality, handing, and
cost.

The undergraduate program provides a broad
Intellectual foundaion. A firm technical back-
ground is sesenial for a career as diversifed
and chlegn as that open to the mechani-
cal engineer. Beinniig with mathematics,
physics, and chemistry, students acquire pro-
ciency In the engineerng eclences: dynamics,
mechanics, and properties of materals; fluid
dynamics; host and mass transport; thermody-
namics; systems analysis; and control. Fur-
ther, students expedence the ways In which
scientific knowledge can be put to use In the
development and deeigA of useful devices and
processes to solve engineedng problems.
Mastery of this art, largely by proje-odented
work of a creative nature, Is the primary object
of subjects in laboralory and deelgn. Design
expeience often Involves consideration of
economic, social, legal, and poical factors.

aonhelor of Solanos In Mechanal

cours U

The Deparenment provides many opportunities
for undergraduates to eabshh a los* rela-
tionship with faculty members and their re-
search groups in the Department. Students
interested in project work may consult their
faculty advisors or approach other members of
the faculty.

The curriculum for the Bachelor of Science In
Mechanical Engineerng has been designed to
provide altematives - through the Restricted
and Unrestricted Electives - for students hav-
ing a wide range of career goals. The Depart-
ment recognizes in Its curdiulum three
categories of students it wishes to serve:
1) thoes who bes their prsona careers
as mechanical engineers on the bachelor's
degree with no further formal study; 2) the
who proceed to formal graduate study in me-
chanicel engineedng or in an aied fid; and
3) those for whom the undergraduate program
provides a broad base - in intellectual style
as well as intellectual content - for further
prso study directed toward medicine,
law, business, or industal management.

The departmental requIrements provide a bal-
anced background in mechanical engineedng
while slowing students who defer enterng the
Department until the end of the weoond year to
graduate in the normal four-year period. (The
laer assumes that students have met the
General institute Science Requirements and
have taken 1.03 Dfferential Equations.) This
program is accredited by the Accreditation
Board for Engineeing and Technology.

see *eu nor el Gs r ews tm ilia "OqgmIi5Ose mo r
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The departmental program for the Bachelor of Bochelor of Bolenoe In Meobhnloal
Science In Mechanical Engineering, Course 11, Enginsering
consists of three levels corresponding roughly Course I1
to the second, third, and fourth years. The first
and second levels constitute the universal Degree requirements applicable to the Class
core of subjects required of all candidates for entering MIT in September 1986 (Class of
the S.8. In Mechanical Engineering. 1990) and subsequent Classes:*

The first level provides a fundamental Intro-
duction to mechanloal engineering through
courses in system dynamics, solid mechanics,
manufacturing and materials processing, in-
strumentation, and design. The second level
emphasizes the basic engineering sciences
and their Integration through laboratory and
design projects. The third level consists of
professional electives and leads into areas of
professional concentration, either In the engi-
neering sciences, Group A; or the broader as-
pects of engineering systems and design,
Group B. In the former category students in-
terested in the technology of fields such as
bioengineeuing, pollution, energy, materials,
and automatic control may select additional
courses from other engineering departments
and the School of Science. Some students
may place more emphasis on the humanities
and social sciences, as preparation for gradu-
ate study in such fields as engineering of so-
cel systems, technology and policy, law,
management, technology assessment and
medicine. All students are required to coim-
plate a thesis, worldng on an Individual basis
with a faculty or research-staff member.

Students are urged to contact the Undergrad-
uate Offioe 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 udlizes the two (24 units) Restricted Elec-
tives and the 54 units of Unrestricted Electives
avaliable In the Course i degree program. Al-
though the selection of elective courses is an
Individual decision, the faculty of the Depart-
ment has developed areas of professional
concentration in Power and Energy, Environ-
mental Engineering, Manufacturing and Ma-
toerials Processing, Biomedical Engineering,
and Computers and Control. The detailed pro-
grame and suggested electives are available
from the Undergraduate Office. These fields
are not all-inclusive; students interested in
other professional programs - Including Inter-
disciplinary programs - should consult their
faculty advisor or the Department Head.

The Depertment euggeete that 6.071 Introducllon to
Eledironie te aleoied.
2
Subedlon of eujects of almuer content may be peited by
peaulon to he senir regiredon 9 l0i1e. Certain graduale
Abolte may be AbWWiAed for reeridied elemivee with

perleAon of me sen.ler glebelmn oscr.
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science equirement
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ealaed by 2.01, 2.02, or 2.40 nd by 16.03 In the
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Ohelor of Solene
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Many students have a defined goal which can
best be met by organizing a curriculum specif-
Ically tailored to that goal. To meet such

needs, the Department offers the Bachelor of
Science, with a significant part of the currou-
lum made up of Planned Electives. Those are
chosen by agreement between the student
and a departmental officer so that the com-
plgte 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 en-
gineering by choosing additional oourses in
one of the professional fields of concentration
already mentioned, as well as introductory
graduate courses from among the related on-
gineering sciences. Others interested in elec-
tromechanical devices might combine
advanced courses in dynamics, systems
analyses, and vibrations with courses In elec-
trio circults and electromagnetic field theory.
Students interested In air pollution, fires,
Internal-combuson engines, and related fields
Involving chemical reaction might make up a
package involving work In fluid mechanics,
heat transfer, physical chemistry, reaction kI-
notics, and statistical mechanics. Some com-
bins subjects in mechanical engineering with
subjects in economics and management. Stu-
dents Interested either in medical school or in
a career In biomedical engineering may wish
to develop backgrounds in biology, blochemis-
try, or physiology. Many other combinations
are possible.

5
Sludente muAt receive e grade of C or beler In these core
subilet (which seve as prerequleies dor other deputmentel
core uiole) belom contnuing in me depertimenal program.
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Students who wish to pursue Vl degree mus
advise ite Opeln atondergraduaeOW
owr boy the ofominr yfarhenror-W

W ghe complete ounfoulum. fogietrugon
thisv in

wiling frm I Ofloer in charge
of Course l-A. Tsprogram leadng to te
unessgnated Seat or of Solen" is not so-
ardiled by the Acoreditation Board for Engl-
needng and Technology, and students should
<dsoues the signlilenos of this with their fao-
ully advisor.

The Course 1i-A ourdlulum is similar to
Courese I. Course li-A Is substaldelly more
flhuihle in that, in addition to theele, students

nd to t" 00 units from the ists of
liteuire SubeoleandEleotivee

shown under Coure 11. The remainder of the
progre PlnMed Eleolvee (conslting of six

su*e ), ained at a wedelined educational
goA, and Unresiloted Eleotive, for a total
program beyond Vie General instinute Require-
mot of 10 unite. Fudher details may be ob-
Mined from the Depadment

EngIneerIng iternehp Program in
Mechantee Enginering

Students who wish to gin industrial exped-
ence duding their undergraduate and -rdae

prgasmay do so by es olng to participate
In VieEngIneen internship rogrm, de-
scibed ndetail in Ve School of Ewneerin
seanon, througit envonent in Course l-B.

The Coure degrees and ouitouar require-
ments e the - as for Course 1I; however,

in aiion, provislIon is made for the ludent
to be employed at the coopereg companies.
The -n work a the undergraduate level
onelets of two summers, st-rling with ft
summer sar Ve sophomore year. The plant
work is considered as equIvalent to a 12-unit
silentv subje.: intemship,
This is by the Aooredita-
n o for Engineering and Technology.

Students in ile program interested in gradu-
ate audy are encouraged to apply for earty
graduates-ehool admison under the com.
bined Bachelos and MasteS program (See
Ve folowing secion). A student in this Pro-
em may spend an additional seven monthe

(an summer and one term) at the oooperat-
Ing company .,d write a1We combined
bachelors and mastere . Subject to p
provl of the thesis supervisor, the thes may
be related to work experience.

Addilional information may be obtained from
Professor Igor Paul, Room 3,461S, MIT, Cam-
bddge, Massachusetts 02130, (017) 253-4466.

D o (Sees-nd ,0 Dgr1-In
Enginering)

Undergraduates enrolled in other MIT depart-
ments may also earn Ve 8.. in Mechanical
Engineering by satisfying the previously de-
ecrlbed Deprtm requirement and oon-
pisting a minimum of 0 units, acceptable to
the Department, beyond t unite required for
Vie first 8.5. Degree. If an 8.B. Viesls is com-
pleted in another MIT department, the Me-
chanlcal Engineeing theele requirement Is
waIved. Further detail may be obtained from

Vie Department'

Some students may wish to combine a profes-
slonil education in Mechancal Engineering
with a beral education which links the devel-
opment and praie of engineering with its
social, economic, histodial, and utural con.

.e. For hem, the Department of Mechanical
Engineerng and the Department of Humani-
tes in cooperadon with Vie Pmgram In Sci-
ence, Technology, and Society oller a double
degree program which combines meore in
Course iI and in Course XXI. A detaled de-
scripion of that integrated program will be
found under the Program in Science, Tech-
nology, and Society.

1"Ouktes

Further informagon on undergraduate pro-
grams, admisslons, and financial aid may be
obtained from Professor Dav Gordon Wilson,
Room 3-154, MIT, Cambddge, Massachusetts
02130, (617) 253-2305.

Combined ashelor'e and
Waters Degree Progrm

Some students who obtain early admission to
the graduate prcgram may be permied to de-
lay seaisfying aN of the Sachelores degree re-
quiremente until thei fft year, salfying the
requirements for both degrees simultaneously.
This program permits students to complete
some basic core graduate subject in their es-
nlor year, leaving tme to tihs more advanced
subots during the ate year. With prior
approval in their fourth year, students in Vie
program may combine te work of the Sache-
lore and Masters theses into a single thesis
of scope comparable to both ths.he
Masltes study may be within the Department
or ina coopera ng department such as Nu-
clear Engi ng. Students teted in tme
programs should consult Vie chairman of the
departmental grduate committee early in the
s year.

eauhelsr of Solenee i Msohani

Core N

Degree requirements applicable to Classes
that entered MIT prior to September 1986
(through the Class of 1911):
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Department of Mechanical Engineering

Graduate Study

nmded Umu(ue
WeU A
2.08, Mechanloal V&Wmon, 12; 2.03?1
2.14 conano Syam.Prinolpl, 12; 2.02
2.21 Pld MhanI W of Power and Pfopulion, 12;

2.20, l.O
2.22 Compulaonad Methods in Engintring, 12; 19.03,

2.10
2.4J The MechanIcs or Praecurs, 12; 2.31 and 2.2 or

1.20
2.41J Themodyamls of Power Syatema, 12; 2.40
2.51 Heat and Mm Tranaerr, 12; 2.0, 2.40
Ge'"a
2.72 mento of Mechanlcal Oelon, 12; 2.01,270
2.S Managemnt In EngInering, 12

16.001 ManagerlW Eoonoam 12
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The Department provides opportunities for
graduate work leadn to the Master of Bd-
onoe In Mechanical E , the Master of
Science, the Master of Science In TeXtle
Technology, the Mechanical Engineer, the Ma-
terials Engineer, the Environmental Engineer,
the Doctor of Sclenc, and the Doctor of
Philosophy.

Entrane Requiremente for Graduate Study

Students beginning graduate study In mechan-
loal engineering usually have received the
equivalent of a Bachelor's degree In mechani-
cal engineering at a recognized engineering
school; however, In many case they have
had their undergraduate preparation In eom
other branch of engineering or solence. Gen-
erally, their background Includes preparatory
tude In some or all of the following areas:

applied mechanics, fluid mechanice, dynamics,
thermodynamics, electri circuits, electromag-
nedo fields, and materials. The Department re-
quirements for admission are not specific,
since capable students with a more general
preparation have the opportunity to establish
their background In mechanical engineering by
taking the most advanced undergraduate sub-
jects which their abilitles and preparation
permit.

The Department requires that all incoming
graduate students must demonstrate, by tak-
ing a test, satisfactory English writing ability,
or else, before receiving their degree, suc-
cessfully complete remedial training.

Plelds of Graduate Study

As a guide to graduate students, the various
avenues for forming a program of study and
thesis research are described below.

Engineering SIoence. Some students elect to
concentrate their studies In one or more of the
various engineering sciences. Subjects In the
engineering science areas are lited in Chap-
ter Vill, grouped under the following series of
numbers and headings:

2.0-

2.1-
2.2-
2.3-
2.4-

2.5-
2.8-
2.9-

Mechanics, Dynamics,
and Acoustics
System Dynamics and Control
Fluid Mechanics and Combustion
Materials
Thermodynamics and Statistical
Mechanics
Heat and Mon Transfer
Manufacturing
Polymers and Fibers

Proleselonel Area. The eight fields Hated
nex represent some possible p-essional
areas of concentration in rd udy In
mechanical engineering. h are desbed
more fully In the Introduction to this Depart.
ment. in addloin to sub offered by the
Department In ach of teares, graduate
subjects a offered by other departments as
well. Usts of avaliable subjects In each area
may be obtained from the Department.

Energy Converelon and Conservation -
problems of energy conversion and conserva-
tion, including cryogenic applications.

Environmental Engineering - problems of
air, water, and land pollution, and of conserv-
Ing material and energetic resources.

B11omedial Engineering - the applicaion of
engineerng techniques to the advancement of
human health, Including diagnosis, therapy
health care systems, and development and
production of devices used in the medical
field.

Manufacturing and Materiale Prooesselng -
manufacturing processes, design and control
of process machinery, process opImIzatIon,
and computer-controlled automation. Textles,
polymer and metals processing.

Transportation - transportation technology
and system including structures, power and
propuion, automation and control.

Computers and Control - the applOadon of
computers to problem soMng and design and
the use of automatic controls for processes
and devices.

Mechanics and Materials - acoustics and
noise control, continuum mechanics, numerical
computaton, tochnIques of solving problems
of solid mechanics. Physical and mioroetruo-
tural bases of mechanical behavior of engi-
neerng materials and its modeling.

Deselgn - problem solving applied to the ore-
ation of, pdncIpay, hardware involving any of
the engineering discoplines.

Graduate Core Subjects

The Department offers the following series of
basic core subjects which cover the major me-
chanical enginesing disciplines, expose stu-
dents to appcatons of the discolpines and to
the modeling of real engineering situations,
and bring the flelds to the staig points of
their more advanced and specialized

185.
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branches. A selection of these subjects repre-
sants excellent preparation for more advanced
work and for the docloral qualfying
examination.

2.032
2.083
2.151

2.25
2.301

2.451J
2.55
2.731

Dynamics (A)
Applied Elsaity (A)
Advanced System Dynamics and
Control (A)
Advanced Fluid Mechanics (A)
Advanced Mechanical Behavior of
Malerials (A)
General Thermodynamics I (A)
Advanced Heat Transfer (A)
Advanced Engineerng
Design (A)

Mester of Soience In Mechanical
Engineering and Master of Solens

The general requirements for these degrees
are given In Chapter IV with the provision that
the required units must be taken during the
two regular terms or durng the summer term.

To quaIfy for the Master of Science in Me-
chanioal Engineering a student must have
had, or tel. while at MIT, two terms of ad-
vanced mathematios and must take one
course in each of two areas of engineering
ecaence. Students not saefying this require-
ment are awarded the Master of Science with-
out spcifiatIon of field. The above
reirementsapply to sludents who have an
. ren mecharlengineedng. Other

studenis may be required to take addional
subjects to complete their background in me-
chnical eniedn

Further descorpon of the requirements for
these degrees may be obtained from the
Graduate Registraton Office.

Master of Selense in Technology and
Poley

Students interested in applying their mechani-
cel engineering background to problems of
poy nd socioecnomic assessment of tech-
nology m apply for the interdepartmental
Master of ScieceProgram in Technology and
Poly. This program combines courses in ad-
vanced technology in the prtioular field of the
students choosing wih coures in economics,
systeme analysis, political science, and law.
Genend requirements and app-ica"n proce-
dures ae descibed in Chapter VI.

Meehanioal Engineer

For those who desire preparaon for engineer-
ing practoc at a eslona evel beyond the
Master of S1eno0, the Mechan",al engineer is
offared. The d requires at least ne year
of study nthe Master of SOence. The
programIs ceniered around the appIcaton of

egneigpdinciples to advanced develop-
ment pr sand includes an applcations-
ointed thesis. The general reqiremente for
the degre e given In Chapter IV; a detaled
description of the Mechanical In pro-
raima obtained from the

Joint MT-Wods Hole Ocesnographlo
inue Program
Corse U-W

A jOint program with WHOIls Intended for slu-
dents whose primmy career objective is
oceanographic engineerng. The program is
doedibed In more detai under the secton at
the end of this chapter on MIT's Joint fun
in Oosanography and Ooeonpi nl

with the Woods Hole N Wi

Doctor of Philosophy end Doctor of

Admission to the doctoral program is granted
only anler the canddel has passed a rigorous
qualfying examination, which is taken no later
than the end of three regular tems aher ar-
d Ova or compleion of the Mastws .The
requirements for the doctoral d a
progrtn of advanced study, a m program,
and a thesis in the field of mechanical engi-
neeng.

The program of advanced study and research
may be selected in any fid of science or en-
ginedng approved by the Department Com-
mines on Graduate Studies. While no fixed
number of units is presried, the usual pro-
gram includes a substantial number of courses
in the student's princpal rse of interest.
These, along with the minor program, usualy
require an additional four terms of work be-
yond the Masters degree. The maor and mi-
nor pwmust be approved by the

skdil doctoral omin tes end the ompo-
nonts must have the advano approval of the
Graduate Olioe of the Department of Mechan-
ical Engineedng.

For the thesis, each candidate undertakes a
program of research which contuee signif-
canly to the mjr field of interest. This contri-
bution may be nIcal, experimental, or
design knowledge. program of advanced
eludy and the thesis are under the supervision
of a thesis supervisor and a dooloral commit-
tee selected by the student and the supervi-
sor. The doctoral CommiNes maes an annual
evaluaion of the candidate's progres and
conduas a final examinalon based on the
theels. Successful completin of the doctoral
program usually requires at least two years of
registraion beyOnd the meer' degree.

Doctor of Phillosophy in ilomedical
Enieng

The Despartment has an extensive program of
reesarch and teaching in biomedel -
ing. Qualfied students reglstered in th
partment may pursue programs for the regular
Maers degres and doctorate awared by the
Department, with a focus in biomeOcnal engi-
neadng, or; altematvely, may elect an interde-
pardmentl doctoral program in biomedcal

(adtm a by the Cominee
n Engineerng) which is deicribed

in Chapter Vi.

Pellowehls and Assistelhise

A large number of reesarch seasisantehips and
a few felowships and teaching assletantehipe
are avaiable to incoming students. These ap-
pointments and awards provide adequate f-
nancial support for both tuillon and ving
expensee. In pracially al cases the thess
research is done as an integral pat of the
work associated with the research assle-
tantship or fellowship. Applcallon for these
appoinIments and awande is made by check-
ing the appropdIate boxes on the application
form for admission. Students we not conid-
ered for awards until they are assured of ad-
mission to the graduate school.

inqirie

Addilonal informaion n academic
and research progrens admiselon, fnancial
aid, etc.. may be obtained by wTing to Lee
Regn Mehnla Engineedng Gut

01100Room 1-100, MIT, Cam.
,Mssachusen 02136, (517) 25-221.
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Department of Nuclear
Engineering
(Coufse 22)

The Department of Nuclear Engineering pro-
videe undergraduate And graduate education
for students Interested In developing the
peaceful applicatns of nuclear reactons,
plsma physice, and radiation. In keep with
MTstraditional role in other branches
knlmedgethe Department aims to educate
the Id who make the key scientific
and engineedng advances in theee filds. The

of energy generation
by u=,rOed sion of heavy elements
In nuclear reactors and fusion of light particles
In thermonuclear plasmas receive primary
emph.

In addition, faculty and students are strongly
iwolved In the engineering physics of charged
partiOlee, neutrons, and photon radiation; In
the broader problems of providing energy In
soolasly acceptal ways; In the medical appHl-
cations of radiaton; and In radiation health
physlcs.

Fission reactors are used to generate heat
and electidity, to propel submarines and

to transmute lements, and to produce
~s*p for medical and other apploa-

otine. In some countdes, the fracTon of elec-
triclty obtained from nuclear power Is 50
percent. In the United States it Is over 13 per-
cent. In recent years, the growth rate of elec-
tricity has decined because of more cost-
effective uses of energy and the International
economic recession. This has led to a signii-
cant reduction in new nuclear power plant or-
ders. Nevertheless, rmany nations include a
signifocat and expanding nuclear component
in their energy rams because they are
convinced that n power Is a compara-

eisble, expnsiv, and safe way to
le c IOdOity.

The safe and economic development, design,
constructon, and operation of nuclear power
plants and their related nuclear fuel process-

fa s ea major field of engineering.
t facing today's nuclear engi-

neers are to reduce the capital cost of nuclear
power staions, to Increase their reliability, and
to extend the lfe of nuclear fuels so that nu-
clear plants can be the most economic way of
generaing eleciIty in ever-widening regions
of the world.

EAnother challenge to nuclear engineers is the
development of economic nuclear power sys-
tame that regenerate or yilid a not Increase in
their essential fuel, such as breeder reactors.

reeder reactors can provide an energy re-
source capable of supplying 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 carrle'l out In a fully
Ionized plasma heated to many million de-
grees. Such plasmas are usually confined by
strong magnetic fields. Recent progress In-
creases the likelihood that controlled fusion
will become a practical source of energy and
neutrons within the iffetime of today's engi-
nearing students. Attainment of a fusion power
plant requires Improved behavior of plasmas
In electi and magnetic flds, development of
materials capable of withstanding high
stresses and exposure to Intense radiation,
and great engineering ingenuity In combining
fusion power components Into a practical and
economic 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,
magnoohydrodynaml energy conversion, Ion
propulsion, thermionlo energy conversion, and
high-power gas lasers, all topics of interest in
the Department. Students conoentrating on
applied plasma physics are therefore trained
not only to contribute to the advancement of
controlled fusion but also to apply their knowl-
edge In areas of immediate practical signiM-
cance. In these plasma programs, the
Department Is an active participant In MITs
broad, interdepartmental program of research
and instructon In plasma physics and its var-
led applications.

To achieve the full potential of nuclear energy
from ither fission or fusion reactors, it is nec-
essary to develop special materials capable of
withstanding Intense radiation for long periods
of time. The Departments nuclear matedals
engineerng program Is concemed with effects
of radiation on materials and development of
Improved radIation-resistant materials. Other
areas of concentration are the chemical and
metalurgical eineng aspects of the pro-
duon and fabration of fuels for fission re-
solors, the processes for recovering the'e
materials from the highly radioacive spent fuel
discharged from reactors, and processing and
enrichment of fuels for fusion reactors.

To fulfill society's needs, not only must new
technologies be developed, but en 7 oon-
version plants must also be design and op-
erated so as to produce energy safely,
reliably, economically, and with acceptable on-
vironmental impact. Consequently, the Depart-
ment Is involved actively across the entire

field of energy production in the areas of ther-
mal-hydraulics, structural. mechanics, reliability
analysis, safety and licensing, health physics,
environmental Impact of power production,
and engineering economics.

The Departments radiation science and tech-
nology program Is devoted to studying the
production and uses of neutrons, ch par-
tioles, gamma rays, light and other radiations
from fiplOn reactors, radioleotopes, particle
acceletors, and lasers. Topics treated In-
clude the detection and measurement of re-
diation, the Interaction of radiation with matter,
the use of radiation in processing materials,
the design of Irradiators, biological effects of
radiaton,'and the use of scattering exped-
ments with neutrons and coherent light to de-
termine the structure and molecular dynamics
of solids, liquids, and dense gases. in paricu-
lar, the program of radiological sciences en-
compasses medical appliatons of radladons
for therapy, diagnostics, and radloblology. it
includes not only nuclear radiations but also
ultrasound, laser i, and nuclear magnetic
resonance interacton.

The radiation health physics program Is de-
signed to provide students with a strong foun-
dation in the scientific and engineering
disolplines needed for the management and
control of irradiation exposures. It emphasimee
principles of radioblology, radiation measure-
ment and dosimety, dik assesement, and
management of radiation exposure.

In all the programs, attention Is focused on the
related of science and inseing -
for = low-energy nucear ,s
plasma physics, nuclear materEls,
heat transfer, and numerios methods. The ap-
proach Is InterdIsclInary and draws heavily
upon important segments of physics, chemie-
try, applied mathematics, and metallurgy, and
on the techniques of chemical, civil, electrical,
and mechanical engineedng.

Undoraduates and graduate students in
other dat MIT who wish to leam
how their major professional fields may be ud-
lized In nuclear developments may find certain
offerings by the Department of Nuclear Engi-
nering to be of interest, such as the medi-
cally oriented radiologloal sciences program,
nuclear power plant engineeing, appled
plasma or radiation physics, nuclear materials
engIneering, and the interdpartmenl pro-
gram on structural mechanics in nuclear
power technology.

Ito
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Dafttnt at Nucalea Enalnerna

Nechelor of Solence In Nuclear Engineerr g

The uidergraduate programs In Nuclear Engl-
neering prepare students for oareers In the
nuclear power Induetry or the applied radiation
Industry including medical technology, or for
graduate etudy In nuclear engineering and re-
lated disciplines. The fleid is very broad and
the program is arranged to provide a variety of
subject combinations appropriate for career

. Three speofic options have been
(fission, fusion, and radiological sci-

ences), but other subject combinations may be
selected to satisfy the needs of Individual
studet.

The Department offers two undergraduate pro-
grams leading to a Bachelor of Science In Nu-
clear Engineering. The first, Course XXII, Is
normally completed In four years. The second,
Course XXII-A, Is part of a five-year Engineer-
Ing Intership Program; it leads to both a
Bachelor of Solence and a Master of Science
In Nuclear Engineering and combines study
with Industrial engineering practice.

The background portion of the departmental
program Includes a science distribution prepa-
radon In differential equations (18.03) and In
physics (6.03). In addition, an applied nuclear
physlcs subject (22.02) Is used to Introduce
many topics that are fundamentally Important
to nuclear engineering. Finally, a seminar Is
specified to provide familty with departmen-
tal academlo and research activides (22.010
for fission, 22.012 for fusion, or 22.013 for re-
diological sciences).

Subjects In engineering principles are a major
component of the departmental program. In
this ares, the student Is expected to become
famiar with the foundatione of engineering
ptodo. The required topics of study are
strength of materials, fluld flow, thermody-
namics, heat transfer, and computer modeling
of physicalsems. Many of the Institute de-
pdmn ffer subject covedng these tcplcs,
and there is considerable latude In fulfiling
this segment of the curriculum. Suitable sub-
jects include: 1.04, 2.01, or 6.00 for strength
of materals (Engineedng Principles 1); 1.60,
2.20, 8.263, or 10.301 for fluid mechanics (11);
2.40, 3.00, 6.018, or 8.06 for thermodynamics
(1ii); 2.51 or 10.302 for heat transfer (IV); and
22.006 for computer modeling (V).

The inal portion of the undergraduate pro-
gram is a broadly based introduction to the
speolalties of nuclear engineering. The re-
qd Wtops of study include a laboratory
sbject, a subject dealing with physics as ap-
pied to nuclear reocors, and three subjects

S a Suitable
Pj"fr h loon on icd: 22.09

for laboratory; 22.021 for applied physics; and
22.03, 22.031, 22.033 for deign/systems.
Suitable subjects for the fusion option include:
22.060 for laboratory; 22.061 for plied phye-
Ics; and 22.03, 22.031, 22.062 for duelen/s
tems. Suitable subjects for the radcal
sciences option Include: 20.002 or 22.06 for
laboratory; 22.021 for applied physics; and
22.04, 7.3, 7.51 for design/systems

The choice of specific subjects and the order
In which they are taken are aranged In con-
sultation with the student's departmental ad-
visor. The fission option Is Intended for
students planning careers in design, analysis,
and operations of lght-water reactor plants
and other fislion reactor plant concepts, and
for graduate study in these areas. The fusion
option Is Intended for students planni51 for
graduate study and careers In areas engI-
neering research or development related to fu-
alon reactors. The radiological sciences option
Is Intended for students planning careers In
medicine or biomedical engineering with par-
ticular emphasis on the applications of radia-
tion In diagnostics and therapy. Information on
each option is available from the student's de-
partmentl advisor or from the departmental
undergraduate office (Room 24.204).

The degree programs In Course XXII and
Course XXII-A are accredited by the Accredi-
tation Board for Engineering and Technology.

Bachelor of Science In Nuclear

Course XI

Most requirements and options are descrbed
In the preceding paragraphs.

Engineering Deeign experience is an essential
part of the curriculum, and the requirement of
at least 36 units of engineering design and
systems may be s d by an appropriate
choice of subjects as approved by the advisor.
The requirement may be partially sadsfied by
a design-oriented thesis or special topic
(22.091).

A bachelor's degree thesis of 12 units is also
required.

Bachelor of Selenes In Nuolser

Degree requirements applicable to the Class
enteing MIT In September Ig66 (Class of
190) and subsequent Clsme:*
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esBhelor of Sa!-oe in Nuclear

Nucle Engineering Department students who
Ps'rtl In the IInternship Pro-
gram, described in I in 1 School of En-
gineeringeeootion, are enrolled In Course XXII-
A. The requirements for Course XXII-A are the
same as for Course XXII, except that the 12
unie of thesis are replaced by 12 units of
2,0g2 ngineering Intemship. The program Is
structured as a five- program leading to
both a acheorOf S and aMaster of
Science in Nuclear Engineering. Students nor-
mally enter the Program In their sophomore

at MIT. Each must be selected
partilpatng company after application

and an Interview. The program consists of four
work assignments at the same company. The
first two are undergraduate work assignments
designated as the required subject 22.092.

The award of the Master's degree is not auto-
mato. To work for the S.M., the student must
apply for graduate school and be formally so-
copied. In most casee the decision on such
applications is made earlyIn the student's
fourth year.

desgn experience is an essential
part of the C eXXI-A urriculum. The re-
quirement of 36 units of egineering design
and systems subjects may be satisfied In part
by work assignments that are design-rlated.
Otherwise, the requirement is to be saefied
by an appropriate selection of subjects, se ap-
proved by the student's advisor.

The Bachelors thesis requirement is usually
satisfied upon acosplance of the Masers
thesls, whloh is prepared during the third and
fourth work assignments (subject 22.92). If the
student does not enter the Masters portion of
the progran for any reason, the student may
substitute work done as part of the irst two
work assignments, provided that the student
prepares a writton proposal and a written re-

In thesis format whlch is aceptable to a
advisor. Otherwise, the student must

follow the same stepa for saisfyIng the thesis
requirement as students In Course XXII.

Combined Ueeheler's and Malr's
Programs.

The five-year programs leading to a
Bechelor of Science In chemiloal r ng,
civil engineering, electrical engn g, me-
chanical insering, nuclear eninei, or
physics, a Master of Scieno in nuclear
engine are helpful to students who, early
In theIr un raduate studles, decide to pur-
sue a graduate degree in nuclear engineering.
Students desring to enter such a program
must meat the graduate admiseion require-
ments of the Department of Nuclear Eng .
Ing, and they must submit their _pIctons for
admission at the end of their Junior year. If ad-
mtted, the student's program Is arranged be-
tween the registration of the two
participating departments. For further Informa-
Ion, Interested students should contact either

their undergraduate department or the Depart-
ment 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, Massachusetts
02139, (617) 253-330.

lachelor of Selenos In Nuoleer

Degree requirements applicable to Classes
that entered MIT prior to September Ig96
(through the Class of igg):
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C~partmertt of Nuclear Engineering 171

Graduate Study

The Nuclear Engineering profession is excep-
Utonally broad and many undergraduate discl-
pnes prowlde suitable preparations for
gradusa study.

An unduadlte degree In physics, engi-
nering chemistry, mathemaIs,
metallurgy, or chemIcal, civil, electrical, me-
chanical, or nuclear engineering furnishes suit-
able preparation for graduate study In nuclear

. Optimum undergraduate prepare-
Vion would nclude the following:

Physle. At least two years, equivalent to MIT
subjects 8.01, 8.02, 8.03, and 8.04 or 8.211,
and for graduate study In applied plasma
physics or applied radiation physics, the
equivalent to MIT subjects 8.06 and 6.07, as
well.

Mathemtedo. At least two and onehalf years,
equivalent to MIT subjects 18.01, 1&02,
18.03, 18.075, and 18.076.

ChemIsty. At least one term of general, Inor-
ganlo, and physici chemistry.

Pundamentals. At least one
tonn eq to MIT subet 2.01 or
10.302, 10.301 or 10.13. tdet may obtain
equivalsnt bacr bnd tbldng 22.311 En-
ergy Engineering .

Prospecive graduate students should make
every efort to complete undergraduate prepa-
raton before stalinggraduate study. Students
whose is inomplete may make up
their d e alter 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 dicuss their undergraduate programs
with the Depm s Regisrton Ofie
preferably bor the end of their Junior year.
Applicants for admission are not required to
take the Graduate Record Examination.

Meeter of Sieno In Nuclear

The object of the masters program Is to give
theneran a g n leg of nu-

clear e in and to provide a foundat
eiher for productive work in the nuclear field
or for more advanced graduate study. The
general requements for is e listed
In the Graduate Educaion ch .Subject
2.111 Nuclear Physics for E rs1, or t
equivalen required for al master's degree
inddae"

Other subc may be selected In accordance
with the stdeG particular fild of interest.
Most master's candidates specialize In one of
five altemative fields: fission reactor technol-
ogy, applied plasma physics, radiation Wolence
and technology, nuclear materials ,
and radiation health physics. Detal deecrip-'
lions of the subjects available In each of these
areas may be found under the Departments
descriptions of subjects in Chapter VIll.

Students specializing In radiation health phys-
Ie follow a special two-year curriculum which
includes the core subjects General Health
Physics, Nuclear Measurements Laboratory,
Introductory Applied Nuclear Phys, and Ra-
dloblology. Some subc may be taken at
the Harvard School of Public Health.

Students with adequate undergraduate prepa-
ration normally need one full year to complete
the requirements for the Master of SOence.
Additional Informaton conoerning the require-
ments for the Master of Solence in Nuclear
Engineering, Including Nts of recommended
subjects, may be obtained from the Depart-
ment of Nsolear Engineering.

Master of Selene In Technology and
Pofly

Students Interested In applying their nuclear
engineering background to problems of poIy
and sociceconomio assessment of technology
may ap for the interdepartmental Master of
8 Plen rogram in Technology and Policy.
This program combines subjfs In advanced
technology in the partcular of the stu-
dents choosing with subjects In economics,
= = , political science, and law.

req roments and appliadon proce-
dures are described In Chapter VI.

Meser of Solfnos In the Management of
Technology

Students who would Iks to apply their nuclear
engineerIng background and at five
years of technical work experience to Issues In
technioal management may want to explore
the Joint Program In the Management of
Technology. Jointly developed and offered by
M' SOo of Engineering and the Sloan
Schoql of Management, this Program entai a
rigorous twelve-month curriculum on

principles for techna In
a t envonment. The Program is de-
signed for scientists and engineers on a ca-
rear path rquin In ng magei

Shl e for technical activkties. Detalis
n apslo procedures e
Chaple .

Nuolser 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 stu-
dents for creative professional careers In engi-
nesing application or design.

General requirements for this degree, de-
scribed In Chapter IV, Include 162 units of
subject credit plus a thesis. Each student must
plan an individually selected program of study,
to be approved In advance by the faculty.ad-
visor, and must complete, and orally defnd a
substantal project of signiiMant engineering
value.

The principal areas of study are: nuclear reac-
tor physics, nuclear reactor engineering, nu-
clear materIals enginerin, nuclear fuel
management, radiation ce and technol-
ogy, and applied plasma physics. The objec-
tives of the program are to provide the
candidate with a broad knowledge of the
profession and to develop competence in en-
ginseng applicatons or design. The empha-
s In the program is more applied and less
research oriented than the doctoral program.

The engineering project required of all candi-
dates for the Nuclear Engineer's degree is

narally the subject of an Engines theale.
student with full undergraduate preparation

normally needs two years to complete the pro-
gram. A student who sates the require-
ments 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 Depart-
ment.

Doolr of Philosophy and Doctor of
aolenc '

The program of study loading to either the
Doctor of Philosophy or the octor of Science
degree alms to give a comprehensive knowl-
edge of nuclear engineering or radiaton scI-
enos and technology, to develop competence
irn advanced engineering research, and to de-
veluo perspective in assessing the role of nu-
clear .*nce and technology in our society.

General requirements for the doolorate are
given In the Graduate Education chapter of
thIs catalogue and In the Graduate SAo
Manual. The specif requirements of the Do-
partment of Nuclear Ennri are the Gen-
eral Examinalon, the Majoriir Program,
and the doctoral thesis.
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Upon s 0aamy completion of he require-
ments, he student ordinadly receives a Ph.D.
unles he or she requees an 4o.0. The re.
quirements for both degrees are me esame.

Prior to starting dotoral ressarit, each stu-
dent Is reqir to pass a general examination

deue aeqate -negaul prepe-
onin ,chemiry, mathemats, and

sgnegfundamenli, and comprehensive
at the graduate level of a hocen

fild In nuclear engineering.

Doctoral candidstes may elect to study and be
examined in one of the folowing fields: fission
$Stor phelo, fssin reac - ,
applasma phye, appled radistion

, nuclear matedals engineerng, fusion
resclor technology, nuclear and alteiave en-

r a nd Wpoly, and radiological o-
nm. is of the doctoral examinatin in

each of these fields may be obtained from the
Depatn,

The field of radiological sciences foouse on
diveree appliatons of radIaon In medlclne.
in addin to a central concen with lonliing
radledeon, radiological solence enopass
such technologies as utrasound, laser light,
and nulear magneio resonance. The curricu-
lum Is a four- to fve-year commitment leading
to te Ph.D. or SO.D. degree that can be pur-
sued in medical tand diag-
nosWN technology, radiation bopy , or
radiopharmaceutical chemistry. ile most
core subjectes e taken at MIT, research Is
conducted primarily at Harvard-afliated hoepl-
tale, the Harvard School of Public Health, and
MIT, depending upon the students speolality
area.

Candidates for a doctoral degree must also
saiefactorily complete (with an average grade
of 9 or beter) an approved program of ad-
vanoed studies. The program requires that
students take not less than 60 oredit hours of
subjects (exluding speocl pmblems), of
which at least 36 must compries a field of
"Olsl~manlon (the "Maor") which will be

yrelated to the studens doctoral theele
topic. units (the "Minor') must
consist of coordinated subjects cleariy outside
the feld of spea-tion.

Docloral resereb may be undertaken either
In the Department of Nuclear Engineedng or In
a nuclear-related filkd in another department.
Appropriate areas of research are descdbed

gnnlIn t Introdu .ion to the
= t and a det=ed Not may be

obtained from the Department of Nuclear
Enginedn.

Resamrh Paolleas

The departmental programs are supported by
a number of outstanding expeimental faelitie
for advanced resarch In nuclear engineeing.

The MIT Rsearch Reactor In the Nuolear Re-
actor I.aboratory operates at a power of 4,000
kw and is fueled with U-23j in a compact
ightwater cooled core surounded by a
heavy-waler renflector. It is one of te finest
university research reaclore In the world. De-
tae of the -aboratorys research programs
and faclities are given In Chapter VI.

The Department utiies extensive expedmen-
tI plma faaMIies for produotion and confne-
ment of large volumes of highly lonised
plasme and for studies of plem& turbulence,
partile moton, nd other phenn High.
power lasers and other equipment are aval-
able both for plasma and for study
of bhsc physia Department

ha 0a1sto support a unique program of
contrled fuson engineering atudlee and has
Its own wen-equipped graduate laboratory for
Instrueglon on plasma laboratory techniques.

The Deoarlment has played a malor role in
design and operation of the high feld To-

kamak fusion deviO ALCATOR and In the de-
nof the fusion magneti mirror device

TARA,both 'rF,' of the Plasma Pusion
C AA l cpable of producing

danes, hot plasma1 near te regime of fusion
Interest, end servee as an important educa-
donal and research faclty.

Most of the departmental research on plasmas
and controlled fusion Is done in the Plasma
Fusion Center, descorbed In detail in
Chapter VI.

The Whtaker Laboratory of Computer-Aided
MiOroecopy and Image Technology operates
sophistoated scanning and tranmlelon ele-
tron microscopes end lght microscopes for
microscopio analysis of materils. The faciity
has full capabty in sample preparatin and
utilizes a dedcated computer for data analysis
with an emphasis on quantitative wort.

In addition to the above faclitles, the Depart-
ment has a nuclear Instrumentation laboratory,
a plasma phyOsc , a 14 MbV neu-
tron source, and two natural-ura-
nium recor, one moderated by water and
the other by graphite. Laboratory space and
shop faillities are available for research in ad
areas of nuclear engineedng. MIT'. extensive
computer faclites are used In research and
graduate instruction. The Whitaker Laboratory
of Mioroecopy is avalable for ulastructural
research In materiale.

Finanosi Aid

Financial aid for graduate students is avallabe
In the form of research an teaching assistant.
ships, Depadment-adminletered feliOWahips,
tuition awards, and supplemental subsidies
from me Collge Work-tudy Program. Asese-
tantships are awarded to students with very
good academic records. The duty of a teach-
Ing assistant le to ssist a faculty member in
the preparation of course materials and the
conduct of olasses, and that of a reserch s-
sltant Is to work on a research project under
the supervision of one or more faculty
members,

Fellowships are mostly awarded In April for
the folowing academic year. Aseistantehips
are awarded on a semester basis. The assign-
ment of teaching aselstante s made before
te start of each semester while resarch s-
sletante car be assigned at any time. Felow-
ships and research asslstantships usually go
to students already enrolled In te Depart.
ment; for the entering students the majority of
the aid therefore wil be In the form of teaching
aselstantehips.

Appication for financial aid should be made to
Professor M. Kazimi, Room 24-105, MIT,
Cambidge, Massachusets 02139, (617) 263-
4200.

inquiries

Additional Information on graduate admissions
and academic and resewch programs may be
obtained from the Departments Graduate Of.
floe, Room 24-105, MIT, Cambridge, Massa.
chuestte 02139, (617) 253-814.
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Department of Ocean
Engineering

T. Francis Og|Me, Ph.D.
Pofeacr of Ocean Engineering
Heed of the Department

Prolemmre

Marlin Aaron Abhowitz, Ph.D.
Prcleaaor of Ocean Engineering

Arthur Bernard Bagroer, S.D.
Profesor of Ocean and
Elecrical Engineering
MIT Director, MITJWHOI Joint
Program In DO& and~Ocoraphlo an

Michael J. Bucldnghem, Ph.D.
Professor of Ocean Engineering
(VIlung)

Alexander Douglas Carmichael,
Ph.D.
Professor of Power Engineedng

ChrysOtm Chryssolowmkn,
Ph.D.
Profeseor of Naval Archtecture
Drectr, MIT Sea Grant College

Ira Dyer, Ph.D.
Prolessor of Ocean Engineering
(On leavefal)
Emet Gabiel Franel, Ph.D.
Profeaacr of Marine Syatems

Clark Graham, Ph.D.
Profeeaor of Naval Archieolure

Juehin Eliot Kerwin, Ph.D.
Profeeaor of Naval ArchNoure

Patrick Leh, Ph.D.
Professor of Oeand Mechanical
Engineeding

Kolchi Masubuchl, Ding.
Profaecr of Ocean Eneri
and Matsriale Soence

JeroneH. M a Ph.D.
Profaasor of NavArchecture

John Nicholas Newman, So.D.
Proleeor of Naval Architecture

J. D. Nyhart, J.D.
Professor of Ocean Engineerng and
Mgnt

John Kim Vandiver, Ph.D.
Profeasor of Ocean Ing
Director, Expedmental Group
Assoclef Chaiman of the acuity

Tomas Wierabilid, So.D.
Profeesor of Applied Mechanics

A00011111 Profeeeo

Judith Tae ow, Ph.
Aoclate Proleo of Ocen

(On leave)

He"ny Stuart Marcus, D.B.A.
Associate Profesor of Marine
Systeme

Harilafa Nicholas Pearais, Ph.D.
Associate Professor of Marine
eye"
Paul Damtare Salevounos, Ph.D.
Associate Professor of Naval
Architecture

Michael Stefanoe Triantafyllou, 80.0.
Associle Prolessor of Ocean

MEteM sfteaer

Aeollant Proflere

Dale GeoreKarr Ph.D.
Assistant Potsrof Ocea

He"ny L Doherty Profaesor In
Ocean UtimatIon

AmIram Moehelov, Ph.D.
Asletent Profesor of Ocean
Engineering

Nicholas Marinoe Paldalalde, Ph.D.
Aaelatant Professor of Ocean
Engineering

Dick Kau-PIN Yue, 50.D.
Aslelaent Pcfteo of Ocean
Engineeing

Genior Lecturers

David Valentne Bue, Ph.D.

Dean Alden Hom, Nav.E.

Hany A. Jackson, B.S.
(VIeIng)

Wilam S. Pewini, B.S.
(eling)

Willard Frankin Searl, Jr.,
Nav.E.
(Visiting)

Lectuere

Howard M. Bunch, M.B.A.

Damon Ella Cumininge, Ph.D.

Michael S. Drcoker, Ocean E.

Leonard Graniner, D.Eng.80.

Maurice M. Sevik, Ph.D.

Paul Whitney Spare, B.S.

Benjamin Whang, Ph.D.

Charalamboe Zogee, Ph.D.

Adminlertive iSer

Paicia A. LesBlanoGedney, 9.8.

P.siannan el Assooiate

Spyridon A. Kinnas, Ph.D.
Andrew J. Langley, Ph.D.

nesearch Engn

Michael 8. Drooler, Ocean E.
Sumner Dean Lewls, B.S.

Jean-Luo Guermond, Ph.D.
Wlcdilmierz Abramowlo, Ph.D.

VWn Rea Aesoolate

Jennie Claire Myers, 8.M.

Rearh poselle

Yeabel Mella

Proebse Emeriti

John HavyEvans B.Eng.
Proesoro Naval Archiolure,
Emeuue

Alfred Adolf Heinrdh KeN,
Dr.Rer.Nat.
Profeseor of Ocean Engineering,
Emelue
Ford Profeor of Engineedng,
Emeritu

Philip Mandel, B.S.
Profaesor of Naval Architecture,
Emedtu
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Department of Ocean
Engineering
(Course 13)

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
re perhaps even more Important today as the

world faces problems of growing populations
and shit resources. Out of the need for
Increased uti n of the ocean has come a
heightened sense of purpose. Simply stated,
the task in ocean engineering is to use the
oceans effectively and wisely.

The Department of Ocean Engineering pro-
vides the esseniqi sidls that ultimately enable
its students to conceive, Initiate, and direct
complex engineering projects. Such tasks de-
mand flexible and adaptive engineering minds.
The degree requirements in Ocean Engineer-
Ing begin with the same basic mathematics,
science, and engineering subjects as other
traditional engineerng disciplines and then ex-
tend beyond to prepare a professional who is
capable of responding to the broad demands
of complex engineedng tasks. Through seleo-
tion of degree programs and letdve subjects,
students may concentrate in areas such as
structures, fluid mechanics, 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 Madne Engineering, which
was established through a bequest to MIT In
1912, is an integral part of the Department of
Ocean Erkwn. Building upon this historl-
cal base, tDpartment's crrioulum today
offers studies in all systems that must operate
in an ocean environment.

Marine transportation encompasses broad
queeions of international trade. The ocean
engineer must be able to assess in an inte-
grated fashion a wide range of technical, eco-
nomic, and poltical consideratons. Other
aspects of marine transportaion include de-
signing deep-water ports, integrating harbor
falities with land-based transportation sys-
tems, and planning new uses of waterways to
help solve urban transportation problems.

ON an beneath the ocean floor are in-
important sources of energy. An

ocean engineer is concerned with asi phases
of discoveing, producing, and delivering off-
shore pstrolsum resources, a complex and
demanding task. Also of central importance is

the development of new methods to protect
marine wildlife and coastal regions against the
undesirable side effects of offshore oil produo-
tion. Mining of seafloor minerals is assuming
greater Importance, and the ocean engineer
has the task of developing tschnology for lo-
cating and recovering valuable minerals that
Ile beneath the oceans. Much new technology
is required to explore the feasibility of ocean
mining; more still is needed to make it sco-
nomioanly attractive and compatible with t
environment.

Once regarded as an Inexhaustible source of
food, the oceans are now approaching critical
levels of depletion for some species. Engi-
neering techniques of analysis and prediction
are essential to maintain the delicate natural
balanose of the oceans. The ocean engineer,
together with marine biologists, aquatic ecolo-
gists, and public poicy planners, has a critical
role to play in managing ocean resources to
ensure survival of marine species and condnu-
ing supplies of food for the world.

Oceans serve as natural barriers of defense
for many nations, and careers in ocean-related
defense offer some studente a logical exten-
sion of their ocean education. The
Department oers suc degned to enable
people to cope with techli relevant to
modem naval systems, i ship design
alternatives, seafloor habitats, sonar systems,
and underwater navigation and communica-
tion.

The education of an ocean engineer or a na-
val architect revolvee around three central
components. The first is a firm foundation in
such basics as hydrodynamics, structural me-
chanos, vibralory phenomena, energy conver-
sion, materials, and electronlcs. Second, the
engineer needs broad exposure and practical
experience in sidle such a analysis and de-
sign. Third, the context for speafi opplica-
dons needs to be underslood. The
Department's u reduate and graduate
programs ocmbin these components in a bal-
anood way to provide an educational base
upon which to build a rewarding career.

Once a student has attained the engineering
basics, Individualized programs to meet pario-
ular interests are strongly encouraged. The
Department's faculty has wide and continuing
research and industrial experience. Depart-
mental facilides, which include a variable pree-
sure propeller tunnel, a ship model towing
tank, a channel for oi-water interface studies,
an acoustics and vibration laboratory, a deegn
laboratory, and computer faciltes, offer a vari-
ety of opportunitise for laboratory experience.

Baschlor of Soience in Goeen Engineering,
in Naval Architecture and Marine
Engineerng, or without deignation
Course XI

The basic program offered by the Department
is designed for students interested in engi-
neering aspects of ocean sciences, ocean ex-
ploration, and the utilzation of the oceans for
transportation, defense, and/or resources. The
program leads to the Bachelor of Science in
Ocean Engineerng, in Naval Architecture and
Marine Engineering, or without designation of
field. The currculum 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
subjepte fuilling the General Institute Require-
moni. Some departmentally prescribed sub-
Jeots may be replaced by other subjects if
such substitudons enhance student objectwes.
The elective program consists of two parts:
planned electives, which are designed to meet
the student's Course objecive, and unre-
stricted electives, which permit further study in
specialized areas or a broadening of the stu-
dent's overall educational experience.

The Department offers counseing to students
wishing to use some combination of planned
and unrestricted eleW*es for environmental
sludies. Such a couree of study is similar to
the other four-year MIT programs, supple-
mented with elective studies, that prepare stu-
dents for environmentaly related work.

Versions of the Course Xli program leading to
the Bachelor of Science in Ocean Engineer-
Ing, or to the Bachelor of Science in Naval
Architecture and Marine Engineering, are so-
credited by the Accreditaion Board for Engi-
n and Technology, whie tOe leading
othe of Scine without degnaton
of fleld are not.
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Bachelor of Solenee in Ooesn Engineering, Bachelor of Soience in Oseen Engineering,
in Naval Arhilleoture and Marine in Naval Arshilteture and Marine
gngineering, or without designation Engintering or without designation
Course Xg Course XIlI.C

Degree r rements appoable to the dA
entering M In September 1966 (Class of
1960) and subsequent Classes:*
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Course XIIN-C is an Engineering internship
program that enables stuents to combine
professional e rnce with their academic
work, while at same time providing for part
of their educational expense. The four-year
program leads to the Bachelor of Science in
Naval Architecture and Marine Enineeri ,or
in Ocean Eineering, or without designation.
Students In the Internship program also may
apply for admission to the Graduate School to
obtain the Bachelor of Solence concurrently
with the Master of Science at the end of their
ffth year. This program is part of the Engl-
nearing Internship Program, described in detal
In the Schooi of Engineering section.

All MIT sophomores In good standing can ap-
ply for entrance to the program. Alternating
periods at the Institute an at cooperatng
work sites are arranged so that graduation Is
not delayed beond the normal date.

The companies and laboratories partcipatng
in the Internship program cover all Important
aspects of ocean gineering, Including naval
architecture and marine egnering. Assign-
ments with these organizations provide oppor-
tunitiee to participate in activities such as

costucio, testing, design, development, re-
Search, and technicd planning.

version of the Course aII-C program leading
to the Bachelor of Science In Ocean Engineer-
Ing, or in Naval Architecture and Marine Pngl-
neering, are accredited by the Accreditation
Board for Enginernad Technology, while
those to the B e of Science wth-
out designation of fled are not.

The Course XiiI-C curriculum Is identical to
Course Xli, except that 13.771 e rng
Internship (19 unt) and 13.772 I
Practice In Ocean nnern (12 to 36 units)
are taken in place of S Irobs in
Ocean . Further detais may be
obtained .m the t e The DeW-
ment also ta1.901 and 13.g02 be
taken to tW ViInitute Laboratory Re-
quirement.

Combined Bachelor's and
MasWe Degre Program

Programs leading to a Joint Bachelor of Sol-
eno (in aeronautics and astronautios, ovil en-
gneedng, electial engine , mechanical
engineering, naval architecture and marine en-
ginedn, or ocean engineei), and a Mas-
ter of (In ocean engin n or In
naval architecture and marine
are available to students who, earin hr
undergraduate studies, delde to pursue a
graduate degree In ocean enieri or na-
val architecture and marine engineern. SWu-
dents desing to enter such a must
meet the re admison of
the Department of , Engineei. They
must submit their applications for admio at
the end of their junior year. if admitted, the
student's ram is arranged in consuitalion
with the oficms of the two partl-
pating departments. For further Information, In-
teetsd studnt shouid contact the
Departmental Student Adminit r oaon .

Inquirie

Further informadon on undergraduate pro-
grams, admissions, and finanial aid may be
obtained by ontacting~ Professor Dick K-Y
YuT, CamrWige, Maa-
chusetts 02130, (617) 253-6623.
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Graduate Study

hachelor of Solane In Ocean Engineering,
in Naval Architecture and Marine
EngIneerling, or without delignation
Course xIU

requirements applicable to Classes
that red Mrr prior to September 1I8NO
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Graduate study In the Department of Ocean
Engineering can lead to the following degrees:
Mater of ; Ocean Engineer; Naval
Engineer; Doctor of Philosophy; or Doctor of
Science.

An acceptable program of subjecte plus an so-
ceptable thesis lading to the Muter of Sol-
enos usually requires from one to two
academic years, depending upon undergradu-
ate preparation.

The Ocean Engineer and Naval Engineer de-
greee require at least two years, including a
substantial thesls.

The Doctor of Science or Doctor of Philosophy
with a specification in an ocean-related field
usually requires more than three years follow-
ing 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 require-
ments are available from the Departmental
Student Administration Office.

Entrance Requirements for Graduate

Undergraduate preparation for admittance to
graduate study in the Department of Ocean

ngineedlng ideally should be equal in quality,
quantity, and breadth of coverage to the De-
partment's undergraduate curricula. An under-
graduate degree In ocean engineering is not
required.

if undergraduate preparation Is lacidng in one
or more areas, the defiolenoles may be made
up concurrentiy with graduate work, usually by
successfully completing one or a few upper
level undergraduate subjects. Undergraduate
subjecte so required may not count toward ad-
vanced degree requirements. Somewhat less
broad undergraduate work Is required of can-
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didates for the degree of Master of Science
without speclfication, provided that the student
has a correspondingly Increased competence
in areas pertnent to his or her proposed grad-
uste program.

Ocesn Engineering/
Naval Architecture and Marine
Engineering
Course XII

The Department's curriculum leading to a
Master's degree in Ocean Engineering Is
based on a broad woddnknowlsdge of ali
the basic engineeding oidi . The Intended out-
come of this program is a person whose main
interest Is the development of the ocean for-
th of humanity, and In following this
amb Is prepared to usewhatever engi-
neering disciplinee are needed to address the
problem at hand. As a part of the more gen-
eral fiold of Ocean Engineering, Naval Archi-
tecture and Marine Engineering Is concerned
with all aspects of waterbome vehicles operat-
ing on, below, and just above the s surface.
The S.M. degree in Naval Architecture and
Marine Engineering is intended to develop an
IndMdual who plane to concentrate In areas
related to waterbome vehicles and/or their
subsystems.

Major fields of study or specialization include
(but are not limited to) the following:

Applied mechanics
Environmental engineering
Fluid mechanics
Hydrodynamics
Maaine acoustics
Marine data systems engineering
Marine engineering
Marine mateials and fabrication
Marine systems
Offshore engineering
Offshore platform design
Seafoor engineering
Ship design
Ship and offshore rig dynamics
Ship propulsion
Ship systems
Structural mechanics;

.... ..... .... ............................. ........................... ....................... ................... ... .... . ................ ..........
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Doctol degrees are offered in the fields of
Ocean ginosn and Navel Architecture
an Marine Engieen. Students are admit-
ted to to doco proghme after successful
completion of te appropriate qualying a-
Inatlons. The stdets prora must be ao-
ceptabie to the Dopartmeril Committee on
Graduate Students, both with respect to depth
in the major area and broadness In collateral
areas. Detais on the examinatin process end
other requirements, Including the doctoral the-
sie, may be obtained from the Departmental
Student Administration Office.

There ae also a number of Interdepartmental
doctoral programs available to students In
the Department. Details may be found In
Chapter VI.

Navl Construction and Engineering
Course XHI-A

This Program provides appropriate academic
background for naval offioers who later ac-
tively participate In concept formulation, de-

= n, and onstructon of naval vessels. In
to general gineering and science

and a core program ofsubjects In ocean engi-
neering, each student folows one of several
epeclaized curricula in aspects of, or appola-
ble to, naval construction and engineering.

The Program leads to the Naval Engineer or
Master of Scoence. For programa leading to
the Naval Engineer, a Master of Science may
be awarded almultaneously upon recommen-
dation of the Department or of some other de-
partment related to the student's specialty. For

leading to the Master of Science, an
Master of Science may be awarded

simutaneously in a second field of spcolalia-
lion upon recommendadon of the department
represented by that field.

ooan - Management

The XIII-S Program in Ocean 8s Man-
agement offers both Master of and
Doctor of Philosophy degrees.

The Mastrs program Is intended for students
with solid engineedng backgrounds who am
Interested in the bualness and government
management aspects of ocean engiring
systems and activities, including ocean tans--a , marne resource development, pub-
lb poly and ocean use, ocean min pots,
and fisherie. Technioal backgr should
consist of a S.B. d nenginering or l-
ence. Background Include at le one
undergraduat s06ect each in differential

iuallon, probabity, and microeconomics.

Any deficiency should be liminated during the
fIrst term at MIT. Studenta not possessing a
background In ocean engineering are required
to take 13.40 Introduction to Oomputer-Aided
Ocean Engineering Design.

on background preparation, a stu-
dont ng this pmrcan tke from one
to two years to com the degree. The pro-

arncan be acom in one year by a
tundergraduat who carefully

schedules his or her elective lm from the
junior year on. Such a student Is awarded
concurrently an S.M. In Ocean Systems Man-
agement and an 6.8. degree. Further Informa-
tion on the Master's program requIrements
can be obtained from the Departmental Stu-
dont Administration Office.

The doctoral degree program In Ocean Sys-
tems Management requires the development
of new knowledge that enhances the state of
the art In this area. To achieve that goal, the
student is exp'oted to complete a program of
study and wdt a dissertation that succiesfuly
integrates theory, , and expei-
eno in the fundamental pines that con-
stiute the Ocean Systems Management area,
such as engineering, economics, business
administration, operations research, publi pol-
icy analysls, and law. Students are admitted to
the doctoral program after passing the appro-
pdate written and oral qualfyIng examinations.
Further Information on the doctoral program
requiremente and examination process may
be obtained from the Departmental Student
Administration Offoe,

Ocean Engineer or Noval Engineer

The programs leading to the Ocean Engineer
or Naval Engineer degrees require a higher
level ad significantly broader range of profes-
slonal competence in engineerng than that re-
quired for the S.M. degree. The program for
an Engineer's degree ordinarly includes sub-
Jects in the areas of economics, industrial
management, and pubic policy or law, and at
least 12 units of comprehenelve design.
Should the student be 81toward the -
multaneous award of the Eng and Mas-
We roms, a alngle thesis is generally

, provided it is appropriate to the
specifications of both degrees and demon-
strates the educational maturity expected of
candidales for the higher degree. Additional
information on Departmental requIrements is
avalable from the Departmental Student
Administraton Office.

Teohnology and Polloy (S.M.)

The Department also offers a Masters degree
In Technology and Policy. This program edu-
cates students with a song technical founds-
tion in amadneelated f as well as a
strong competeno* in dealing with poicy Is-
sues. This ram is Interdeparmental and IS
dsecorbedin A VI. Requirements for en-
try into this program are the same as those
required for the XII-B Program with adjust-
ments made for the sc requirements of
the Technology and Policy Program.

Transportlton (S.M.)

The Ift-rdsatm degree of Master of
Sclence In is offered in cooper-
aston with the Ce for Transportaton Stud-
Ile. Most ocean engineering students studying
transportaton at the Masters level are on-
rolled in this interdepartmental program. Re-
quirements for the Master of Solenoe In
Transportation are described in Chapter VI.

Management of Technology Program

individuals Interested in applying their ocean
engineeing background and at lest five
years of technical work experience to Issues in
technic management m apply for admle-
son to the Mangmendo Technology Pro-

. Joinly devnloped n offered Ms
of Engineering and the Sloan

of Management, the program entas a dgor-
ous twelve-month curriculum, focusing on
management principles for technical persons
In a technical environment. The program is
designed for scientists and engineers on a ca-
rear path requiing Increasing mrnag e-
sponsi s for technlactivities of
the program are described in Chapter VI.

Joint WMT-Woode Hole 0oenographio
institution Program
Course XKIlW
A joint program with WHOI Is intended for stu-
dents whose primary career objecive Is
oceanographc engineerng. Students divide
their academic and research efforts between
the campuses of the two institutions. Whie 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 detal under the secion at
the end of this chapter on-MrTs Joint Pr

ann Owra c
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Aeleantehise an Graduate Seholarshlpe

Ther e aimied number of teaching and
research aealetanlehlpe available to graduate
studenlt in the Department each Year. The
are awarded on the basse of both
and need. The due aceled t thee
seltantahipe contrbute directy to Ie asels-
tants educatonal ram. An asealetant may
not MOWfor mnor W 36 unite term,
depedng on the appoiniment . Additonal

may be allowed when direoly oon-
with an Seletant's aeigned dudes.

A lmited number of awards and echolarshipe
are available to graduate studente In the De-
patentm. Scholarhlpe are awarded each year
by the Society of Naval Architts and Madne
Engineers. These awards can be used for
study at any Inetitution of the reolplants choice
and usually are awarded to appucant who,
through their educadon or their proftesional
work, have evidenced strong Interest in some
field of naval architecture and marine e-
needng or In ocean engeing, F ipe
are also awarded each year by the Ofice of
Naval Research (ONR) and the Nadonal Sol-
evce Foundaon (NSF).

Prospeve student ae Invited to communi-
cate with the Department regarding any of
thw educational an financial opporunles.
Appictions for the Soolety of Navel Architects
and Matine Engineere Graduate Felowehipe,
Ofios of Naval search, and Natonal Sol-
ence Foundation fellowshipe are made directl
to the appropdate ecoety. I de for the fall
term should be made late in preceding
fall term.

Additional information oncming academic

= , researh oppunWe, admiseons,
nanola = = mybe obtained by wdun to

the Student Adminleiator, Depaiment of
Oean Engineerng, Room 5-25, MIT, Can-

brdge, Maseachusene 02130, (617) 2531994.



School of Humanities and Social Science
Economics (Course 14)
Huhanities (Course 21)
Linguistics and Philosophy (Course 24)
Polloal Solenoe (Course 17)
Program In Science, Technology, and Soclety (STS)

The School of Humanities and Social Science
reflects the great diversity of MIT today. In a
university whose acuivties center around sci-
ence and technolog, the School represents
the main fields of liberal arts. Strong grad.
uate programs exist In economics, linguistics,
philosophy, and political science; students and
faculty participate extensively In the research
aotvities of numerous centers, laboratories,
and departments outside the School. There Is
an ambitious and steadily broadening program
of undergraduate education, which Includes
majors In economics, philosophy, language
and mind, political science, and the various
areas In the humanities, plus an InterdsiolpHl-
nary major In science or engineering and the
humanities. A flourishing program of extraour-
rioular activites attracts many students, nota-
bly In drama and in music. Student
participation in musloal activities Is, Indeed,
perhaps more extensive at MIT than at any
other major university, with a vigorous sym-
phony orchestra, several strong choral groups,
a fine jazz band, a concert band, and a wide
variety of similar groups.

The graduate programs, while admitting rela-
tively small numbers of students, are among
the strongest at MIT. The esprt do corps is
a and there Is a marked emphasis on de-

ng new and exciting fields of Inquiry.
Many students take advantage of the opportu-
nity to develop close assoclations with such
Interdisciplinary centers as the Center for In-
tornational Studies, the Artificial Intelligence
Laboratory, the Energy Laboratory, the Re-
search Laboratory of Electronics, and the
Center for European Studies at Harvard.
Some of the graduate programs stress the use
of mathematical and computer-oriented skills,
but many doctoral theses are concemed with
non-quantative social science or humanistic
topics. Moreover, graduate students are not
entirely confined to the established doctoral
programs. There is always room for a highly.
mouvated 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 activlties of briliant individu-
als than on teamwork. in the field of communi-
cations, for example, there are many
interdisclplinary projet, some involving cl-
iboration among Unguistios, philosophy, and
= g ,which all have 4 special interest

science, and others invong pot-
ical science and various branches of engineer-
ing. The Ospartment of.EconomIcs and the
Scan School of Management cooperate

-~ A
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Speoal and InterdisciplInary
Programs In Humanities
and Soolal Science

closely in a number of branches of appled
economlce. Studlee of the labor market are
conductd by econorvss scoowss n

withln and pubi poly involves people
a over the In ute and eulis stong
in the D mfet ofO Scie and the
Program Inomnce, To , Ond Society.
A growing Interest amg ans in sous-
tie and compulars leads them to work jointly
with eietrical engineers. As the engineering
departments have become in con-
cemed with questions of applied sl-
ence such as energy nm enr urban

exploitation
of the sea bed, new opportunites have
emerged for collaboraton.

Undergraduates benent In a variety of ways
from these advanced research and training
pMgrm. Studente mjo in economlos,
phileophy, and pa science, for example,
take part in graduate miara and may find
part-time profsseional employment on facuNy
research projects. The Department of Humani-
ties does not undertake graduate training, but
does offer a number of Ondorgraduals degree
programs. Through Course M, students may
major In one of the humanialo disclines
(e.g., history, literature, anthropology, muslo)
or combine the study of any of these disoi-
pInes with a sciene or aengineering fild In
one of the unique programs
(Course XXI-E and XXIS-, Program 1) offered
by the Instlute.

In addion, Course XXI offers a major joindy
administered by the Department of Humanities
and the Progrem in Solence, Technology, and
Society. Undergraduales may indeed, once
they have fuilledthe instilute Sdoence Re-
quirements, devote all of their time to the hu-
manties and social sciences and acquire a
sold foundation for advanced work In any of
the disilines reprsented In the School. The
student of the humanits or social sciences
who wishes to deepen his or her fluency in
slience or engineering, perhaps with an eye
to a career in thos fields, will also find a
great deal of freedom (i.e., free eleiove time)
to do so.

A chiefconeof the School n uwred-
usie educalon has long been thew~io of
subjects to fulfi the purposes of the Indtit
Requrement in the Humanities, Arts, and So-
cil Sciences. The School of Architeolure and
Planning offers some subjects that satisy the
requIremt but the greet majot are Pro-
vided by the School of Humante and Social
Sliena, ;The object of the requkement,
broadly stated, is to ensue that every under-
graate a MT is exposed to a wide range of
aulta and intelletual inNuencs. MIT seeks

to offer much the same range of subjets as a The School offers a number of undergraduate
rst-rate liberal arts collegeIn addlion to the academi Programs embracing several disoi-

speia offerings made poss0b by well- plnei eeathese Pograms are stowfe
d opd g ua and earch m. cdliaborFveby fecI members from var-

There are numerous ofi n English and s ;;ein the School of
foreign erature, foreignla s, archasol- and SOia Asence and, i some
ogy and dma, cases, from the intitute's other Schocls as
anda wke other s c. The we".
range of optin Is constantiy a i, as
new acdvtes evolve at MIT and as student Concentrtions within the Humanlies, Arts,
intersts change. and Social Siences RIequirement are aval-

able In all of these areas, degree programs In
The School is partioularly andous to encour- some of them.
age students equally concered with the ei-
ences and technology and with the humanities Full infonation on subjects offered, names of
and social sciencse to come tp MIT. We are partiipatng and specific conceration
persuaded that modem society has been un- and major in these programs
duly constricted intellecualy by the tradion mybe a om the indivkdul program
that has tended to segregate scienii and -at from the Humanlies Under-
manlet educaton. Undergra educaeducaton graduate Oflics, Room 14N-d0g, (@17) 23-
at MIT Is ngincreasingly in the direcon 4441. The liste of sA)" alsoappear in the
already being by research, and is plao- Guid to the Mta , Ae w Soal So-
ing a growing emphasis on collaboratve en- en.,
deavors which connect the soiences and
humanities. Brief descrstons of the programs follow.

The School's commiment to this view finds
expression Ina subat4tial Program in Sol.
once, Technology, and Society. This Program,
whIch has both educatnal and research ob-
jeoives, le conoered wihthe human cone-
quences of solenif and technological
advances.

To stress this new development is not to imply
that MIT must emphasle sience and tech-
nology In alle ofrin the humaniies and
social sences. A room wil remain for
more or les conventional majors in econom-
los, political science, phiOeophy, history, litera-
ture, foreign languages, anthropology, and
muslo, Students will coninue to demand the
best In the humanities and social sciences as
they demand the best in sclence and engi-
nesring. However, the emphasis will continue
to be on maldng MIT undergraduate educaton

met qui ditnetve.

Amerean d

American Studies at MIT ofrs students the
to organas subjects from various

dolds~ ~ ~ ~ M (elg. HArry-ntrpooyUterature, Pioe Soence, MulAr n
chAs*ure and urban tudie) int paerny
constructed interdlclpinaryp as a
way of g an inegrated of
American and culure.

American Studies Is a field of conastraton it
Is also avalableas the humanilio ao a
ler" (Course I- or XXI-

0). mdiers= work out a 0o-
herent of aiudy wil anedlsor,usu-
ally tf ubjece each in -terature
and History, alhough vallatiO are possible.
Major programs can center on a partiular in-
tereet (e.g., law in Americ, contemporay
American politis, the 1gth-centuy Americn
nove or am more broadly at cmpehen
se knowledge of various spSols oAmris.
Itis also possible for a student tework ut a
full major in American Studies. See Degree
ori 01 e en te under the Deprtment
Of

Coordinator of American Studies for 1N-7
is Professor Arthur Kaledin, Room 14N-gOg,
23-4144.
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Anlent and Medeval Studies Pln and Meda Stumes relionsp to 01e United Sates and oer
parts of Vie idueiial world.1he subiest of.

a wids variety of subjeote drawn from The program in mim and media oere MIT un- fred at MT in Ln Amer~can Studes area i of delli4nee, ile po m provides dergraduatss an opportunity for iericl drawn from varloue disuipines, primariy lMor.
a curricular framework for i nary ludy of mr, television, and oler meda sign Languges arnd Uteraturee, HiWtdry, An-
ancient and medieval studies Vie of mana Iommunloation. The g of Ve pro- Vropology/Avehaeology, and Poital Sclence.

hay of ide end intitutone to of ma rmle todsvelop an Wnde 0,10dinof te
terial artifats, tersture, and certain branches ,i cuural, and aris lgnl o m of Latin Amedoen tmuies le avalable as a con-
of e i ue. The dhonologlol fim and ONt modem media. oenaion and also as Me humainle Prt
span of m"Am o Ve 0,600 yers of a program (Coure XXIs or
between 60 and 100 AD. Subjects are The cuniculum is orgunlaed in ree oa- P). FOr major, audente must taes at
drawn fom Uterature, Foreign of subjeote:1)Vis devoted eclut- least one advanced subject condu Ined i
Uteratures, Miletory, to fm (whih emphalie Ve histodal Spanish (or Spanish m and IV). No more Van

O, d Tradton and Toem. and and a per3sege of ie lberal art); four aubtsoean be from a single diso ns;Studies fs avalabie as fieid of oon- 2) Vies conee rmarily wih television no more man two can foous on te ben
oniratlon. andm oommlcanone (which enter on peninsula. See Degree Program Requirements

ie polcsoal, Ideologal, and poiy-odened under Ve Deparment of Humanitie.
The goal of Vl programis to develop know- pof Ve socle scleree); 8)Vise
edge and undestandin of the more distant iuse both prsspotivee n eompadng fm Coordinator of Lan Americen Studes for
past both for itself, in t unkunes, and as and med forms of and eommuni- 1 Is5-571i Professor Peter Smih, Room
an object of spe-y modem q and aon will eir anosr in oldeculures 186465, 2s-440.
mehode of inquIry. Emphas Is plcd on the and wih the forms of oher ocontemporary
tuoture of Instituinsaandia eym technologies. Coaala subject in sevral na- Pyshalogy

and on relatonships among Vie ociliorder tIonal tsrnnes, i anllrossigy, and in S-l
end lesmed traditon, vus, sand enos, TechnOlogy, and Scj*ety (STS), are Psyohology Is represnted at MIT se an area
ideas. Anolent and medieval skw a peioulaly relevant in Vim group. of Mcncentraln wihin Vie undergraduate Hu-
spcial interest from the fat Viat the record Is manmies, Arts, and Social Solences Require
so fuN and vadeueand at much of it le of e- Many of e ubeota ompdeseicore ment. Its also represened as a grduteed
aspionaly high quality in subatance and form. ourriulum t u of such of study in Ve Whitaker Colege's Department

soumes ase o ble Telision System, of Srain and CogtvSolenes (Cours IX).
Coordanmtor of Aneent end Medaevsl pcdes wl pe pm and An undr t maor i ognive sence,for 1067 Is Professor Riohard M. Dougis, tspeln conjun o ton wNh a bde se a e of human
Room 14N-417, 2684448. tie Universy Pim t intelect, le also avalable. who wish

oninPi g maNvideo mateal as to conoentraft in may choose hom
D o grs pe0Wodiale devoted t fm a range of aubjeotseCoure Ix.

and mediaCoe Research Program on Com- Thee eubjiote may also be ounted as HASS
The Drma afe an opport for mnloadins , wich Ofnduole minm eleives.

Vie sedeus of dramaNo mrature eand ressroh on mm medi.; end the
on pr10al e caqrd VOugh O News Study Group, whh archivesand e- in adtin to subjet, un-

produ"Ci ofq In thte. pub&* PAOrt and flw* dcdow ma&iawd
Innftftne kWd t dhde mnwe asu b alo plt vidof re* we

wim ei; i &ds betwee Owjel m ow*explore m in to clar"%o end encurag ski- "~n of end 0 OeN w
varidus forms and Ve tra dional mspc dents to use video systems in tihe U r R
f drama thoughout Vie from Ve prepaing for tete = y. ie Program (U .
Gresm V mthe rem, taa w s or duncepsmeu subjecte Via involvedbenut partal-

pal"on in soal produogons
mounted In t Kres U There. The pro.
namle oninated wimVe utmiviis of Ve

end th Dance wedehop,
where students wek and sudy wth a probe-
lonel soaff who teach direcing, , chore.

rshy, dance asWemle, mme e
ocetume design, stage "hUng, makeup aif,
and general eonecraft

Per furter informaeon on a ooentraton in
Drama and a let of te approdmately 15 sub.

jes which MIT ofters in dramato Uteure,
hesre ars and danoe, plenes coniact Dr.
Robert N. osenian, Room WIS-oS, 2m5-

SOg, or Vhe Humanitos Undegraduate CfOIMe,
14 00,,20-4441.

Peall drawn from te bNowing felds regu. Forminformat o about Me Deparment of
teach subjet In g wreourrculum: Art Srain and COgr e Sciens d Ve under-
Archlitecure, Pran Ut- le maorasOe d s n pottooure

erature.Uterature, Pu e of alhl Sd1
Snes, Technology, and Mam oent. Fr

The oninator of Pm and Mei Studse for more informaton about ie m concentra-
I9~-7 le Profesor David Thorbum, Roam Von and eleeivee in psychology, contact

14N-4ss, 253-04 . Professor Susan Oaey, Room Eto-4 ,
26068.

Latin Amerien Studies
Russ tudes

The program i Lain nAmerin Studies offers
MIT s se uhnos to mplore interon- Russian Studes lean undergraduate m
nectone among alure, sodiety, and polis in of anhlytiol, histodoal, and evaluive

amlor M d-wodd uSa, ts undeitng pur- abou pe* wih a adtion ad farm ofl
POOP is to revealie hito aland oordampo- dfeent fom me Amedoan in ways Ot ve

dimpsom him., Its AmM ore thW have Ohwed L-an Amedoen somtalkes owpen~r1h,emes com.
dn e and b. Wm aVe society and

problems for future devmlopment the Vie oulure of a tgnulleant ame of Vie wodd,



phpol of Hurnanltise and Sodal Solence 5".

this rdiep a nterdepatmen
program s designed to make possible con-
aete eploraton of Important concems of
modern humanity. Thee include traditon and
radleslem; rural versus urban ife; the piace of
Ohe Iengination In historical change; Industrial-
Watllen, tochnology, and the expreselvisetic
modem senelbit; and human em and terror.
The subjects in Russian Studies are drawn
pritmariy from History, Literature, Polital Sol-
ans, and Russian. Readings and classes In
all subjects are In English.

Russian Studies may be taken as a conoen-
traton or as the humanistic part of a joint

dep~e~g~Curse XXI-E or Course
mfrIncludes at et two sub.

jeots esch in Russian society and Ausslan cul-
tre. Students may arrange Russian language
credis within te major program and use me

in certain sugscs. See Degree Pro-
g ulrsmente under the Department of

Coordinator of Russian Studies for 1986-87 Is
Professor Catherine Chvany, Room 14N-
221C, 253-4341.

Traditions and Texts

This program provides a series of Interdisci-
plnary humant subjects ned to Intro-
duos to some the major
oultural o oiadon as expressed
inwritten texts and works of art. Most of tmes
w l deal with princlpal periods in Western

,ranging from ancient Greek and Sibi.
cal studesthough th Middie Agesand Re.
naissance to Modem period, t are
alo s focused on mte traditons of East
Asia the lamic world. Cuting soroes var-
lous forme of thought and expresso - raI-
glon, phiosophy, history, lerature, and me
arte - e consistent am of tis pram Is to
0001 e changing neork of val.
use w a sciety's present wn its past
and future, and to trace me processes of
transmisslon and rebulking which occur within
IL The subjcots are faculy from 5ev-
orl humanisticelds. and Texts is
avalable as a ield of oonoenitadan.

informaton on Traditions and Tats may be
*alned from me Humanities, Arts, and Social
SPAenos information Center, Room 14N-40,
268-4441.

Women's Studles Program

Women's Studies Involves a re-cognition of
te Importance of gender as an analytic cate-
Wy in traditional academic disolpines. Sub-

jects offered in this program provide students
wth an atemative way to think about ields of
study, back into those fields the so-
dli, h o, and cultural experiences and
contributons of women. A Women's Studies
perspectve adds an important and long-

dimenson to traditional humanistic,
, and social scientifio disclines by

reconstructing standards for theory and meth-
odology in fields as diverse as blology, pay-
ohology and literature.

Women's Studies subjects are designed to
make women's reaity visible whatever me
area of study. They often examine sex roles
and gender Identy for men an for women at
te individual level, at different times, and in
different societes. They ask whether or not
tere are cultural universals in te definition of
gender. The curriculum includes two core sub-
et, Introduction to Women's Studies and

Contemporary Issues In Women's Studies,
and a selection of subjects from many depart-
ments at te insttute, led in me ial
Programs section of Chapter Vill. The pro.
gram so offers a Humanities concentration in
Women's Studies.

The program I* described in greater detail in
Chapter IlII. Further inlormton may be ob-
tained from Dr. Ruth Perry or Cynthia Brown,
Room 14E-316,263-844.

Ofie* of the Dean
Ann Peter Predleender, Ph.D.
Proesor of Economnis and Civ Enginsdng
D
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Ruth V. Spear, B.A.
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Office
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DIrector of Women's Studies

Robert N. Soanlan, Ph.D.
Lecturer in Drama and Thesre Arts

sh Sol, e.g.
Lolw in Danoe

Willam Nah Looks, Ph.D.
PrOeor of Moem La nga , Emt
Direct of Librarie, Emeris

IV&ISchool of Hum"Anilsaml80 Solencsaw
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Richwd banuel Eckaus, Ph.D.
Frd internallonal Profssor of
Econom
Aociate Head of t Department

Professes

Morris Abrt Adelran, Ph.D.
Professor of Economics
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Professor of Economics

Rudlr Dombuech, Ph.D.
Ford inlnonal Professor of
Economics

Henry Stuart Parber, Ph.D.
Professor of Economics

Stanley Fischer, Ph.D.
Professor of Economics

Franidin Marvin Fisher. Ph.D.
Profssoor of Economics
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Profesor of Economics and Civl

Dan, School of Humanities
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Oliver DArcy Hot Ph.D.
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(Viing, fa)
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Professor of Economics

Paul Robin Krugmen, Ph.D.
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Daniel OLNe MeWadden, Ph.D.
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Michael Joesph Plore, Ph.D.
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Abraham J. Siee, Ph.D.
Professor of ndut Relations
Dean, Alfred P. Sloan
School of Management

Robert Marton Solow, Ph.D.,
LLD., D.LH.
Instikute Professor
Prolessor of Economics

Lance Jerome Taylor, Ph.D.
Professor of Economics

POter Temin, Ph.D.
Professor of Economics

LeSter Carl Thurow, Ph.D.
Gordon Y inard Professor of
Economics and Management

Martin Lawrence Weltman, Ph.D.
Mitsui Profesor in Probleme of

Profeesbir OMT =4
(On leave)

Assoolte Profesem

Jeffrey Earl Harris, M.D., Ph.D.
Acuolte Professor of Economics

James Michael Poterba, D.Phi.
Associae Professor of Economics
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Jean Michel Tirols, Ph.D.
Assocae Professor of Economics

Laura Tyson, Ph.D.
PAcelate Professor of Economics

(Vielting, fell)

Weeim Cody Wheetn, Ph.D.
Aenoite Professor of Economics
and Urban Studies

AMelIt PrOGesses

Robert Gibone, Ph.D.
Assiesent Professor of Economics

John Moore, Ph.D.
AsstentPrfessor of Economlos
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- rofesso of Economic
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Aistant Professor of Economics

(On leave)
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Asslstant Professor of Economics
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Sidney Stuart Alexander, Ph.D.
Professor of Economics and
Management, Emelius

Robrt Lyle Bishop, Ph.D.
Professor of Economics, Emeritus

Edgar Cary Brown, Ph.D.
Professor of Economics, Emerius

Evesy David Doarn, Ph.D.
Ford international Professor of-cnmis Emerkts
Harold Ad* Freman, 8.8.
Profeso Badas, Emerius

Everett Einsr Hagen, Ph.D.
Professor of Economics and
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Chares Poor Kindlberger,
Ph.D., D.H.C.
Ford intrnatonal Professor of
Economics, Emeius

Charles Andrew Mysr. Ph.D.
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Sloan Fellows Professor f
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beir Lecturer

Paul PigorA, PhD.
Professor of IndutLdal Relations,
EmerhuA

Paul Anthony Samuelson, Ph.D.,
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insaute Profeesor
Profeor of Economics, Emertus
Gordon V Shrd Fellow
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Department of Economics
(Course 14)

Undergraduate Study

Economics Is the study of the behavior of eco-
nomic units, Institutions, and systems and the
choices that they make with respect to the al-
location of scarce resources among production
and consumption. The study of economics
provides an understanding of Important as-
pects of current society: the determinants of
wealth, income, poverty, , and prices; the
Impact of government policy upon the eco-
nomic behavior of firms, Individuals, and soci-
sty; the structure of markets and their
allocation of resources In the context of equity
and efficiency.

Economics Is concerned with a wide range of
problems that directly affect society: the
causes of unemployment and price rigidity;
productivity and economic growth; foreign debt
and trade linkages; union behavior and the
structure of labor markets; taxation and Incen-
tives; and the role of govemment In private
markets.

The Introduction to the School of Humanities
and Social Science found earlier In this chap-
ter describes the Department In the larger
context of the School and of MIT.

Bachelor of Sclence In Economics
Course XIV

The Course leading to the Bachelor of Sci-
once in Economics combines training In tech-
nical economics with opportunities for a broad
and balanced undergraduate education. Stu-
dents may select programs that emphasize
the relation of technology to economics by
concentrating their free elective time In sci-
once and engineering; they may choose pro-
grams that concentrate more heavily on
economics and other social sciences; or they
may undertake to relate economics to history,
philosophy, or literature. The successful com-
pletion of the degree prepares students for
study in economics, Industrial relations, busi-
ness administration, law, and related fields, or
for careers In teaching, government, research,
unions, finance, and business.

The aims of the degree program are threefold:
to give students a firm grounding in modern
economic theory; to provide a basic descrip-
tive knowledge of the US and world economy;
and to develop in students the capability for
quantitative research and Independent
thought. These alms roughly correspond to the
requirements in the Course XIV curriculum of
theory, electives, statistics, and research.

The requirements allow substantial freedom
for students In designing Individual programs
within economics and In balancing the pro-
grams with subjects in other disciplines. The
large amount of unrestricted elective time en-
courages students to shape programs close to
their own needs and Interests.

Students who have taken 14.01 Economic
Principles I and 14.02 Economic Principles i1
by the end of their second year can follow a
program which permits considerable depth in
electives In the third and fourth years. The
most satisfactory plan Is to take 14.04 Inter-
mediate Microeconomic Theory and 14.06 In-
termediate Macroeconomic Theory In
successive terms of the third yew and to com-
plete 14.31 Econometrics before the end of
the third year. This satisfies prerequisites for
all subjects and prepares students for thesis
research.

The Department specifies one science distri-
bution subject and one laboratory subject, and
strongly recommen- that all students take an
additional subject In computer techniques and,
if professionally interested In economics, fur-
ther work In mathematics.

Bachelor of Solience in Economics
Course XIV

Degree requirements applicable to the Class
entering MIT In September 196 (Class of
1990) and subsequent Classes:*

GeOeN ieltul euemen 1 subi

mn e A sequk nnnt
HunWWNn, Art. OWm BWsnoWN PAqukWa IS
eublease mn be esIened by sbileot in te Depwemnerl

Solence OleurbuAn Requirement e1 MMe oan be stsfed
by 14.30 In t opetmenal Programi
Laboreory Requrement loan be ee1ed by 14.31 In te
ospenWrel Pmn)

I

a

TOTAL. ubWOM 1
Pt-us

openuialt Pmopen unne

-J nonm Aft" am e ud by aui uit

ari by oroaftb if -Y~ (-*qie I 400)
Requimd sublat: 51
14.01 Economic Princlples I, 9
14.02 EconomIc PdnClples 11, 9
14.04 inWnmedists Mloenonam Theory. 12; 14.01
14.06 itrmedlet Mceroeconomic Theoy, 12; 14.02
14.30 Introduction oSaW.l. Method In Economios',

12; 18.02
14.31 Econotrm 12; 14.30
14.3 Undargreduete Thes Seminar. 12; 14.04. 14.06,

14.31
Thes (9 units)

Neuted EUUne: 4M
Eleodve subjet In economics

uner In eUmenial Prereo that (14 a*

Unmhlrimed Ileules wnls

TOM unnt Requied fr te . Dere leygnd te
aW-euWe -equiranent Igo

The degee reumentw app b go M Vat tnd
MT prior go September 1955 =e given at the nd olfis
deecription of te departments underredue program.

No more mhen 2T unie in EconomIcs, excluding lie required
-Tiet, may be used I the Humanles. Arts, aId Socia
suenoes -esme
2
Or en approved silemelv In 9&00wes
3
14 UR Undergrdufts ftseh (Arr. Wt) WXApred U
to -orsr mey be sutbubed for 14.3.

5
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Graduate Study

Wshser of 111enes in Eoonomics
Course XlV

Degree requirements applicable to Class
that entered MIT prior to September 1988
(through the Class of 1989):

ied lki s nequ* mles Tom Unee

5sonc fiasSment So=
Nmsnana and 5oolel somn
PAqi*6nwn can be Se"ed by malscts
i the DowpaWO iow1 plus

I*sdlsb C 14.30
"i" P1090 P

i sie Ospenientsl Proens, pin
Prw, de aiois elfur ne

LaboWiy esqremnt len be
soid by 14.31 in se Dspeenenal

Depwtsienu P -i

aiod ysrpft fan owe i i
nequksi suisee: at1
14.01 K-'oM o POlNal 1. S
U4.02 EcorwricAdN 11sI,9
14.04 ninndls Mla ma Theory, 12:14.01
14.06 Wieed Maorosoonomlo Theory, 12: 14.02
14.30 lrodudnon lio seual Melod in Eoonomiles,.

12: 1S.09
14.31 Econoielos, 12; 14.30
14.S Undoeraeduls Theis Semnr, 12: 14.04, 14.06.

14.31
This (S unite)

neaebsd Usein: 4s
El"w"e 'm@ "m" in

Unueedis si W a les

TOW Ut i'q rd for go LL ree NO

No More owm 7 t inh Ecsa nius eewbgleq u
sauts, rapy be wed for fte Himierlee PlAft Sc
a
Or as aied uhalle In a geos.

14 IR Iirped-sA A=Asu0h (Arr. urilbi approved at
wo ose any he -- bue ------ 14.35

Entrance Requirements for Graduate
Study

The Department specifes the following pre-
requisitea for graduate study In economics:
one full year of college mathematcs, Including
at least one term of calculus; one full year of
college work In science; at leaat six term sub-
jets In English, history, and other humanltes
or social scinec subjecte (not In the candi-
date's own profdssional field) equivalent to
those Included in the undergraduate curriou-
lum at MIT; and an appreciable number of
profeesional subjects in economics for those
quanfied atudents who have majored in fields
other than economics. A student whose defi-
ciencies are of minor extent may be permitted
graduate registration while taking appropriate
subjects to remove them.

Meeter of Solence 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.

Dodotof Philosophy

A candidate for the doctorate must
1) demonstrate a mastery of five fields of
study, one of which Is economic theory, in-
cluding both mlcroeconomics and macroscon-
omics; 2) achieve a speciNed level of
competence In economio history and economet-
rice; 3) submit and defend a dissertation that
represents a contribution to knowledge; and
4) be In residence for a minimum of two
years. Three of the fve fields, Including eco-
nomic theory, are covered by the written Gen-
eral Examination. Two minor filids may each
be sasfied by one year of course work. The
four major and minor elective fields may be
chosen from advanced economic theory, mon-
etary economics, fiscal economics, industrial
organization, transportation, international eco-
nomics, economic development, Russian and
Soviet economics, comparative economic sys-
toms, urban economics, labor economics, eco-
nomic history, economeridos, human resources
and the distribution of income and wealth, and
(given outside the Department) finance. The
econometrics requirement may be satisfi by
ofering it as a field or by taing 14.3W8 Ap-
plied Econometrics and, in ether case, com-
pleting a major piece of empirical research.
The minimal economic history requirement can
be eseded by taing one subject in the field.

No stated number of graduate subjects in the
Department is required. However, candidates
ordinarily need two full academic years of
study to prepare adequately for the General
Examinaton and to meet the other pre-thesis
requirements. The doctoral thesis must be
written in residence. it typically requires two
years of research.

The Department has no general foreign lan-
guage requirements. When a foreign language
is essential for full acoss to the fiterature in a
feld of major interest (for example, European
economic history, Russian economics) or to
thess research, a language requiement is imy-
posed by the Department upon the recom-
mendadon of the thesis supervisor or the
Graduate Registration Oficer. Such a requre-
ment is administered by the Department of
Humanities and can be net by satisfactory
course work at other schools or at MIT or by
examination.

Students Interested in developing professional
competence In economics and planning prob-
lems of the city may elect an interdepartmen-
tal program in the Departments of Eounomlos
and Urban Studies and Planning, which Is de-
scribed In more detal In Chapter VI.

Teaching and Research Asslseutehpe

A limited number of students are supported by
teaching and research assistantehips. Typi-
cally, these appointments are avalable only to
students who have passed their general ex-
aminations, but in special circumstances, re-
search assistantahipe may be held by second-
year students.

Inquiries

Additional Information conceming academic
programs in the Department, admissions, and
financial aid may be obtained by writing to
Professor Peter A. Diamond, E52-373A, MIT,
50 Memorial Drive, Cambridge, Massachusetts
02139, (617) 253-3362.
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Department of Humanities
(Course 21)

Anthropology/Archaeology Literature
Foreign Languages and Literatures Music
History The Writing Program

The introduodon to the School of Humanities
and Social Science found earler in this chap-
tsr describes the Department In the larger
context of the School and of MIT.

The Department of Humanities consists of a
number of autonomous seo.ns and pro-
grams, each with its own headquarters. There
am currently six such units: 1) Anthropology/
Archaology, 2) ForeIgn Languages and Uter-
atures, 3) Hstory, 4) Literature, 5) Music, and
6) Wrlting.

All the programs in the Humanities provide
subjects which help to satisfy the Institute Re-
quirement In Humanities, Arts, and Social Sci-
ences, include Distribution Subjects and
PlaIds of Conosetration, and are available as
undergraduteegree proas In Course
XXI, either In combinaton 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
porams should consult an advisor In the

and the Course XXI Office, Room 14N-
407, MIT, Cambridge, Massachusetts 02139,
(617) 253-4446.

Anihropology/Arahaology
Arthur Steinberg, Ph.D.
AssoGIle Proessor of Archaeology
Progam tead

Martin DisIdn, Ph.D.
Profwesor of Anthropology

Heather Nan Leixhmn, M.A.
Professoa of Archaeology and
Ancient Technology

lrOsolor, Center for Materals
Research in Archaeology and
eftnology
(on lWv spring)
Jetes Howe, Ph.D.
Associate Prolessor of Anthropology

Jeen Eiabeth Jackeon, Ph.D.
Assoclae Professor of Anthropology
(On leave)

Sharon Traweek, Ph.D.
Asscilate Professor of nthropology
m a ines, Technology, and

(on leave)

Harry V. Merrick, Ph.D.
Lecturer in Anthropology

Lynn Stephen
Lecturer in Anthropology

Janallhan Wylie, Ph.D.
LaNer In Anthropology

Frederick Wiesman, Ph.D.
Loturm' In Archaeology
Princpal Research Sciendit,
Center for Matials Research In
Archaeology and Ethnolog

Cyril Stanley Smith, 80.0.
Institute Professor, Emeritus
Professor of the History of
Sclence and Technology, Emeritus
Professor of Metallurgy, Emeritus

AMhMpogy/Arhaeology

Anthropology studies humanidnd from a com-
parative perspective that emphasizes the di-
varsity of human behavior anw the importance
of culture in explaining that diversity. While the
discipline encompasses the biological nature
of our species and the material aspects of hu-
man adaptation, it takes as fundamental the
idea that we respond to nature and natural
forces in large part through culture. Anthropol-
ogy, then, is the study of human beings as
cultural animals. Archaeology, one of its prin-
cpal branches, uses material remains to study
cultures, often over long time periods. Cultural
anthropology draws its data from the direct
study of contemporary peoples lving In a wide
variety of circumstances, from peasant vil-
lagers and tropical forest hunters and gather-
era, to urban populations In modem societies.

The Anthropology/Archaeology Program at
MIT offers students a broad exposure to the
discipline as well as an anthropological per-
spective on problems and issues relevant to
other fields In the humanitis, social sciences,
and engineering. it also provides more Inten-
slve introductions to areas of faculty special-
ization, which include social and poltcall

station, economics and human ecology,
and symbolism, paleobotany, technol-

ogy and materials science, and the anthro-
pology of art and scientif research. Geo-
graphical specializations include anclentand
modem cultures of the Amerlss, ancient clvi-
lizatione of the Mediterranean and Neat East,
and modem Japan and the United States.

The scientific study of technologies and ma-
terials from ancient and contemporary non-
western socoletes forms a special flod of re-
search and teachin for the Anthropology/
Archaeology Program. MIT archasologit, to

whcolleagues in the Departmnent of
Science and Engineering and with

anthropologists and archasologiets from six
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 re-
search, teaching, and graduate training in this
field, and is described In further detali In
Chapter V. Students may participate in re-
search projects by arrangement wih the ap-
propriate faculty members.

The Anthropology/Archaeology curriculum Is
divided Into five groups which show the
breadth of the fleld, with particular emphases.
Introductory subjects (21.50-21.506) encom-
pass broad topics such as human evolution
and archaeological methods. Social Anthropol-
ogy subjects (21.511-21.532) deal with a wide
range of Conoems about religion and socIopol-
Itical organization In modem communities
mostiy In Latin America and our own society.
The subjects in the section on Technology and
Cultural Context (21.535-21.542) focus on var-
lous early and modem technologies and how
they relate to their cultural setings. The Ar-
chasology subjects (21.550-21.563) cover the
ancient cultural sequences in certain regions
as well as topics such as empires and cites
viewed In a cross-cuitural perspective. The
subjects given by CMRAE are open only to
graduate students and qualfied upperclass-
men and have prerequisites; most of the other
offerings do not carry prerequisite require-
ments.

Students takIng a concentration In anthropol-
ogy are advised to choose a mix of subjects in
archaeology and cultural anthropology with
help from the 'e concentration advisor.
Anthropology s quafy for several inter-
disciplinary concentrations, including Women's
Studies, Latin American Studies, and "Tech-
nology, Culture, and Development."

Degree In Anthropology/Archaeol-
ogy include nt majors in combination with a
fild of 5%u,15S or science (Course XXI-E,
Course XXI-S), as wll as a more Intensive full
major in Anthropology/Archaology (Course
XXI). See Degree Program Reqirements.
Subject 21.50 Is strong recommended as a
preliminary subject for degree programs
(in addition to the required program of

Subjects In Anthropology/Arhaeology e
numbered 21.50 through 21.599 In Chapter
ViII. Further Information on subjects and pro-
grams may be obtained from the Anthropol-
ogy/Archaeolo Program Office, Room 20B-
131A, (617) 253-3065.
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Poreign Language and
Utraturaes
Claire J. Krarnsch, M.A.
Professor of Foreign Language
AcquillonSection Head

Catherine Vakar Chvany, Ph.D.
Professor of Russian

James Wesley Harris, Ph.D.
Professor of Spanish and
Unguetes

Robert Emmet Jones, Ph.D.
Professor of French and
Humanities

Krystyna Pomorka, Ph.D.
Professor of Russian and
Uterature
(On leave)

Insbee de Courtlvron, Ph.D.
Associate Professor of French
(On leav, fall)

Kathryn Croellus, Ph.D.
Associate Professor of French
(On leave, fail)

Elizabeth Garrels, Ph.D.
Associte Professor of Spanish

Michael Geisler Ph.D.
Associate Professor of German

Margey Resnick, Ph.D.
Associate Professor of Spanish

Edward Baron Turk, Ph.D.
Associate Professor of French

o Brami, Ph.D.
Assistant Professor of French
(On leave, spring)

Suanne Flynn, Ph.D.
Assistant Professor of English
as a Second Language

Edith Waldatein, Ph.D.
Assistant Profesor of German
(On leave, spring)

Robert DI Donato, Ph.D.
Lecturer in German

David Dollenmayer, Ph.D.
Lecturer in German

Kathy Irving. MA.
Lecturer In English as a
Second Lanuae

Gilberte Furstsnberg, M.A.
Lecturer in French

Jacqueline Hill, M.Ed.
Lecturer In French

Douga Morgenstern, M.A.
Lecturer In Spanish

Christopher Sawyer-Laucanno, Ph.D.
Lecturer In English as a
Second Language

Elena Someka-Pankratova, Ph.D.
Lecturer in Russian

Ruth Trowrster
Director of the Language
Laboratory

Karen Bushold
Administrative Officer

Margaret Zeroodny Freeman, S.M.
Associate Professor of Russian, Emerila

Richard Felix Koch, A.M.
Assistant Professor of Modem Languages,
Emeritus

PoreLan Lnguages and

The Foreign Languages and Literatures Sec-
tion offers a variety of programs. There are
subject sequences in French, German, Greek,
Russian, Spanish language and literature
taught In the original; a subject sequence on
literature taught in English translation; and a
comprehensive program In English as a
second language.

The study of a foreign language broadens
one's cultural perspective, sharpens aware.
ness of use and meaning of words in our own
language, and increases one's range of
expression. At MIT, students have the oppor-
tunity to bring their knowledge of a foreign lan-
guage to the level at which they can not only
speak fluently, but also read with pleasure and
crtical awareness. If preserved through use,
these sidls constitute an Inteliectual and per-
sonal resource throughout a lifetime, and can
be an Important asset for those pursuing ca-
rears with Intemational dimensions.

inethe programs at MIT, "Introductory sub-
jects" famiarize students with the basic prin-
ciples of the language In both its spoken and
written forms, and Introduce the culture of the
countries where the language Is spoken. The
"Intermediate level" provides for review and
refnement of grammar, study of more difficult
reading matter with cultural and literary con-
tent, and compositions and discussions in the

foreign language. "Advanced subjects" con-
duoted In the foreign language stress analysis
of the form and content of the literature and
study of t culture and civilization of each
country. A well-equipped language laboratory
facilitates language leming.

Subjects In iterature In translation make avail-
able in English great works from foreign Htera-
tures. These subjects enable students who do
not know the original language to experience
new avenues of thought, vision, and feeling.
Although these subjects are given In English,
students with a reading knowledge of a ape.
ciic language will be encouraged to read
works In the original. Courses in this sequence
range from broad introductory subjects to
more specific aspects of literary study.

in choosing language subjects, students
should bear In mind that credit toward gradua-
tion Is not given for repeating work offered for
admission to MIT. Concentrations In any field
of language and/or literature should be ar-
ranged on an individual basis in consultation
with a designated advisor.

Proficiency In a foreign language is a prereq-
uisie for election to Phi Bet Kappa.

Degree programs are offered In French, Ger-
man, Russian, and Spanish, and Include joint
majors In combination with a field of engineer-
Ing or science (Course XXI-E, Course XXI-S),
as well as a more Intensive full mjor (Course
XXI). See Degree Program Requirements.
There are circumstances under which one or
more subjects not conducted In the language
may be counted in the degree requirements.

Subjects In Foreign Languages and Litera-
tures, both In the original and In translation,
are numbered 21.201 through 21.34g. Further
Information on subjects and programs may be
obtaired from the Foreign Languages and IUt-
eratures Section Office, Room 14N-207, (617)
253-4771.
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History
Pauline Maler, Ph.D.
P-rofeor of History
Section HOWd

Richard Maeeor Douglas, Ph.D.
Proesor of History
(On Wave, fall)

Robert Michael Pogeleon, Ph.D.
Professor of History and

~ra Stuiss

LoWn Graham, Ph.D.
Professor of the History of
Seience
Robert Elieworth MacMater, Ph.D.
Professor of History end iWtate

Bruce Malish, Ph.D.
Professor of History

Herald Anton Thrap Olsen Reiche,
Ph.D.
Proeso o Clses and Philosophy

Robert rwIn Rotberg, D.Pll.
Prolessor of History and Poitical
Science
Marni Roe Smih, Ph.D.
Professor of the History of
Technology

Peter Hopineon Smith, Ph.D.
Proeor of Hsory en

Arthur Daniel Kaledin, Ph.D.
Associale Professor of History and
American Studift

Philp S KhurI Ph.D
Assoa oHistory
David Bird Ralston, Ph.D.
Associate Professor of History

wlam Branchs Wptson, Ph.D.
Associate Professor of History

Sarah J. Deultch, Ph.D.
AseatNt Profsso Of Histoy

Mheel E. McGerr. Ph.D.
Asslstnt Professor of History
(On save, Opdng)
Peter Dug Pallue, Ph.D.

Assitan Prfte olHisor

Howard Russell Bgle, B.S., A.M.
Professor of History. Emeritus

Lywod Silvester Bryant, A.M.
Mckso of History and Amaercan tudie,
Emeritus

Edward NOel Harley, A.M.
Professor of tory, Emeritus
riute ArhMKe, rA

Thomas Hery Donald Mahoney, Ph.D.
Professor of History, Emeritus

Cyri Stanley Smith, SoD.
InAlute Pro4or, Emerus
Professor of the History of
slence and Technobogy, Eneritus
Professor of Metallurgy, Emeritus

HIstory

History Is the study of the recorded past.
Since Inteest In te past Is closely lned w
a desire to understand the present, the hOl
curriculum at MIT is talored in part to put It
modem world In histoal perspective. Sub-
jecte explore the soil, economiO, and pouN
cal transformadons that shape the present;
and eforts are made toe st where rad
i ,waal ss--i-p s -reIent-day
Politics, soiey, WA cuiture.

The curriculum aesk to enourage both an
understanding of the human past and the d
veopment of sidis necessary to express th
knowledge ei ively. u sings are d
vided Into "Bsic Flid" shh povide sur-
veys of scholar s p bed by piece and
topi or period, and Sujet andO
Seminars," which are more Inulta In scop
and specialie in fcs

Degree pr in History include oInt m
jore In cmiaonwth a fisid of einseri
or science (Course XXI-E, Course I-8)
well as a more intensive ful mor in Histor
(Course XXI. See Degre Progrn Requi
Mornts.

Subjects in History are numbered 21.350
through 21A1 in Chapler Vill. Further info
maton on subjects and programs may be o
tained from the Hity fsoy Ofie, Roof
E51-210, (617) 25345.

Lftereturs
Ain Charles Kibel, Ph.D.
PrIOfps of Ulterature
Section Had

Albert Ramede Guney, Jr., M.P.A.
Profesor of Literature
(On "ave, 1e)
Loule Kampf, B.A.
Professor of Utsraure

Travis Rhodes MerrIt, Ph.D.
Prfesor of Ltature
Director, HYmONes
Undernit Onlos

Oh Irene Taylsr, Ph.D.
oy Professor of Uteaure
Ie (on leav, fal)

- David Thorbum, Ph.D.
Profssor of Literature

I- giso% rifi WOWf, Ph.D.
Ca.. Pofe of Uterature

Peter Samuel Donaldson, Ph.D.
Associate Profesor of Lterature

e-
at David Martin Haiperin, Ph.D.
I. Associate Professor of Uteraue

by John M6dsil Ph.D.
Clas of IM2 Caree Davelopment
A Professor of Lterature
(on have, 14ll

Amy SctWesger Lang, Ph.D.
ia- Associate Pofessor of Uterature

I Steven Mulaney, Ph.D.
y Assocate Profesor of Lteratur

Wiam J. Paul, Ph.D.
Assoolate Professor of Lterature

Stephen James Tapscott, Ph.D.
r- Assoclet Professor of Lterature

b.(On leave)

Rit Bena Goldberg Ph.D.
Assistant Professor of Lterature

Theohads Conslanine Theoharis. Ph.D.
Assistant Professor of Lterature

flth Perry, Ph.D.
Senior Leclurer in Uterature and
Women's Studles
MonicaL.Kearney. BA.
Adminlirave M~

Wiam Chaos Greens, M.A
Professor of Literature, Emeritus

Theodore Wood, Jr., A.M.
Professor of UterOure end
Amedi~n kde, Emedu&



Dgpaltent of Humanities

The curriculum In literary studies at MIT alms
to meet the interets of students who may be
drw toerary study only once or tWoe at
the Insitute, and to provide rich program of
study for students o an or majoring in
literature. To an extet in an under-
g u program, the Ouniolum lays empha-
sis on interdlsolpinary approaches to literary
texts and on theoretical, generic, and themado
subjects that range across geographcOal and
historiol boundaies.

Every literature subject offers signiiant op-
portunlies for Individual participation In class
discussion and every subject Is centrally com.
mted to Improving students wrltng oldfs.

A Supsiernf to this catalogue, available from
the Humanties Department ofces, ofers de-
tailed deodptions of l iterature subjects and
includes specioi Information about required
texts, wrlting assignments, and exams.

The Lterature ourdiulum is .rranged In three
graduated c or Ow. 1) "Introductory
subjeOs" (21.01-21.010) focus on major liter.
sty texts grouped In broad historical and ge-
nordo seunoes, all canying Humanities
Distribution credit. 2) "Intermediate aubjecte"
(21.021-21.120) explore litery forms In
gt depth and center on historial perids.

themes, or genres. Most Intermediate
subjects owy aprerequiste of one pdor ltr.
ary course, but students are encouraged to

-onsult individual Insructore about prrequ
Ones. 3) "Seminars" (21.171-21.177), re-
sited to students who have taken at least
two previous subjects in ltrature, encourage
a greater degree of independent wrk, such
as oral reports and other special roject. En-
rollment In seminars is sity Med to a
maximum of 12 students.

Concentralons In Literature ae available in
partcular genres (eg., poeby, drama, fiction)
and In historioal periods (e.g.. ancient studies,
igh-cenuy litrature, moden and
Oonlemporoyliterature), as well as In popular
outure, mand fim studes, minorty and
ethni studies, iterary theory and a range of
national literatures.

The Lereture M . The Literature Faculty
offers a veriely of mor programs, including

n msjrs In combinatuo with cunicula in
ornScience (Course XXI-E and

as Well as a more Intensive full
major program (Course XXI), Por the full ma-
jor, three seminare ae rsquled as well as
eod: In four of f

pardods: 1) =mndO &lasiZ' 2g),

3) Renaissance, 4) 17th Cntury and EnWight-
enment, 5) igth Century. The re-

rel two seminars and In of
f"periods.

Subjects In Lterature are numbered 21.001
through 21.1g0 In Chapter Vill. Further Infor-
mation on subjects and programs may be ob-
tained from the Uterature Faoulty Offce,
Room 14N-305, (617) 25401.

Music
Marous Aurelius Thompson, D.MA.
Professor of Mulic
section Head.

John Lcsue- btullik M.S.
PIOeN of MuSIC

David Mayer Epsein, Ph.D.
Professor of Music
Conductor of the MIT Symphony
Orohestra

e Ph.D.

John HeIbison. M.P.A.
Clse of 1940 Professor
Plessor of Music

Bany Lloyd Vercos, D.MA
Pofenor of Music

Joenno Shapiro 9eNwobsMA.
Proewofmn

Jane CoppooI Ph.D.
AssocIe p rolessor of Music

Lowell Edwin Undigren, Ph.D.
Assoiae Profsor of Music

Peter Chld, Ph.D.
Assistant Proeom of Music

Edward Cohen, MA.
Senior Lsolurer In MuSIC

John Cllver. M.M.
senior Lecturer in Music
DiMeor, MIT Choa Soolety
Pamela Wood Ambush, M.M.
Lecturer in Muslc

oey 0~M.M.
LeMtuer n Music

Mark HreP.D.

Mertin Mae, M.A.
Leolurer in Music

Roland V MA.
Lsctuner inMui
Claudia Von Canon, MA.
Leclurer in Music

Nancy Trudeeu Cavenegh, BA.
Adminlueve Orwmr

Janes David Chriese, M.M.
11inte Organie

Professor of Music, Emeritus
Director of Music, Emertus

4

The Music Section offers a broad range of op-
portunties to experience and explore the fild
of muslo. A great variety of subjects Is given,

ring from basic musicianship to computer
musc cmpoitin. They warage -into

ff" InrouctryHltory/Utersturs,
!Pedormanos, and Semi-

Moo st udents with Intro-
ducPory subjects, but anyone with musical
training is encouraged to begin with history/lit.
erature or theory/composition subjects, which
constlute the nucleus of the program. Gradu-
ate credit is avaiable for needy allof the wn-
inars and tutorials.

A symphony orhestra, choral groups, conoort
and je bands, and chamber musigo ps
we an integral part of miTs oultural and of
any students musIcal development, no mater
what techniOl profiloenoy heytpoes. Aca-
demic credit is avaable for acme performance
aotivMtes and instrumental study. Audtions e
hold at the beginning of each term.

The music faculty comprises profeesional
compose, performers, hilorians, and theo-
dets, whos indM dual interest in the conflu-
ene of history, hory, and peformance is
essential to our integrated mut program.

A full degree prgreni In music is available
under Course XXI. For students interested In
combining the study of engineeing or sencew
with humanities, joint major In Course XXI-"
and XXI8 provide the opportunity to pursue
speclof interests. (Ses Degree Program Re-
qurements.) The ful major program nlude
four s c in ow and twee sub-
js in stoy and of muslo The
joint maor iudtwo subjes in each of
these aesas. tudents wishing to enroll in any
of these degree programs should oonsult the
Major advisor in te Music Secion no laler
than the beginning of their junior year.

I
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Students who declare music as their major
must have demonstrated proficiency in Instru-
mental or vocal performance and in harmony
and counterpoint. Seniors in the Full Major
participate in a tutorial program in preparation
for a General Examination; those in the Joint
Major take a Sdlor Music Seminar. Especially
qualified students may be permitted to substi-
tute a thesis on an analytical or historical topic
or an original composition for the General Ex-
amination or Seminar.

Subjects in Music are numbered 21.60
through 21.899 In Chapter Vill. Further Infor-
mation on subjects and programs may be ob-
tained from the Music Section Office, Room
14N-434, (617) 253-3210.

The Writing Program

Kenneth R. Manning, Ph.D.
Professor of the History of Science
Program Head

Elzbiets EtInger Chodakowks, Ph.D.
Thomas Meloy Professor of Rhetoric

Bemard Akdlhal, Ph.D.
Associate Professor of Writing

Rae Goodell, Ph.D.
Associate Professor of Science
Writing

James Paradis, Ph.D.
Associate Professor of Technical
Communication

Harriet Ritvo, Ph.D.
Associate Professor of Writing

Robin Becker, M.A.
Assistant Professor of Writing

Marcel La Follette, Ph.D.
Assistant Professor of Writing

Marilyn Richardson, B.A.
Assistant Professor of Writing

Rosalind Williams, Ph.D.
Assistant Professor of Writing

Joe Haldeman, M.F.A.
A4unct Professor of Fiction

Janette Turner Hospital, M.A.
Visiting Writer
(spring)

Fanny Howe
Visiting Writer
(fl1)

liona Karmel, A.B.
Senior Lecturer In Writing

Maxine Kumin, A.M.
Visiting Writer

Steven Strang, Ph.D.
Lecturer In Writing

Charles Fuller, S.M., B.M.Ed.
Administrative Officer

Janet H. Murray, Ph.D.
Principal Research Scientist

Philip N. Alexander, M.S.
Research Associate

Ann H. Stewart, Ph.D.
Research Affiliate

Robert Reynolds Rathbone, A.M.
Professor of Technical Communication,
Emeritus

The Writing Program

The MIT Writing Program provides students
the opportunity to experiment with writing as a
craft and as a means of self-expression. The
Program helps prepare students to communi-
cats the resuits of their work forcefully and
clearly to members of their professions and to
larger audiences. All subjects in the Program
emphasize the development of wridng sidis
and strategies. Some subjects, including those
at advanced levels and those offered for distri-
bution, require substantial reading.

Subjects in the Program's three areas -
1) ExposItion and Rhetoric, 2) Creative Writ-
ing, and 3) Science and Technical Communi-
cation - are taught at basic, intermediate,
and advanced levels. All subjects require re-
peated wdng and revision. In addition, manu-
scripts are typically discussed in workshops
and receive the witten commentary of the in-
structor. 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.

Degree Pramo in Writing. The Course
XXl-E and XI- Writing Major programs re-
quire a combination of subjects in science or
engineering, an area of writing, and a related
field of humaritles, arts, or social sciences.
The Course XXI full major in Writing offers
students the opportunity to focus on a single
area of the writing curriculum - exposition
and rhetoric, creve writing, or science and
technical wtng - in conjuncdon with the

study of a related fleid in the humanities, arts,
or social sciences. The full major (XXI) in Sci-
ence Journalism or Technioal Communication
Is always accompanied by another degree
program In engineering or science. See De-
gree Program Requirements. The degree re-
quirements are flexible, and students must
work out individual programs with their advi-
sore.

The Writing lequirement. Students may sat-
isfy Phase One of the writing requirement by
eaming a passing grade in any of several In-
troductory writing subjects. Additional details
may be obtained from the Office of the Writing
Requirement (253-3039).

Writing Center. The MIT Writing Center offers
free Individual writing consultation on an ap-
pointrent or drop-In basis to all members of
the MIT community. In addition, the center
gives mini-sessions each semester on a vari-
ety of writing topics, and also offers work-
shops for people for whom Engiseh is a
second language. For further Information, con.
tact The Writing Center (253-3090).

Cooperative Writing Programs. The Science
and Technical Communication staff of the
Writing Program supports an interdepartmental
program of writing instruction jointly with the
undergraduate and graduate departments in
the School of Engineering.

Subjects in Writing are numbered 21.730
through 21.709 in Chapter Vili. Further infor-
mation on subjects and progrms may be ob-
tained from the Writing Program Office, Room
14E-310, (817) 253-7894.
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L pep~mnt of Humanltlee 1@1

Degree Program
Requirements

Full, Joint, and Doubleoegree Msjoin

For students who wish to pursue their human-
"ado studles extensively and at an advanWd
level, two basic types of programs are
available. The first, Coure I, 00nedtutee a
full major in any one of seven fields of the hu-
manitos. The second, Course XXI.- or XXI-8,

is a o maor which combines work In hu-
M swith work in engineeringeclsn or

u rther, a student pursuing t
a mor mor may obtain

sry competenc on alarger scale by add a
separate major in any other Course of study
avalable at MIT, as prt of a b ele
arrangement. In fat, one version. of the full
major, that in STS/Humanitiss, may be taken
only in conjunction with another degree pro-
gram in Engineering or Science. Descriptions
and spolfications for full and joint major pro.
grams follow.

lbashlor of Solence In Humanities
course XX

This program provides a full major In any of
the following fields:

Anthropology/Archaology
Foreign Languages and Uteraturee (in French,
German, Russian, or Spanish)
History
Lterature
Music
Wding (Creatve, Expository, Science
Joumalim, or Technical Communicaton)
STS/Humanltes

The required curriculum consists of eight to
eleven subjects in the chosen discipline plus
four subjects from a related filid of humani-
tie, arts, or social sciences. Depending on
the field of speclalation, the course study
may Inciude special iroductory or advanced
seminars and a senior thses or general exam-
Inaton. Faculty advisors in each of the diOl-
pines help students to arrange programs

suId to both their Inerests and professional
Objdv.

I
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110lyin woa -emInihe, ift, o m a WOSorg
vodeftmmokf mrow 1.8nrA in.e dinr
"Am y* D11 a safesralt$ roleing.

I

Bachelor of Selsee In Humantss
Course XXI

Degree requIrements applicble to the Class
entering Mir In September 10W (Class of
100) and subsequent CsseM:
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$O O of Hma|nillg SOl0 sow"

lsnhelor of Sclance in
Huianlem and Engineering
Cours X"us

iauhler of Sclence In
Humeanite and Boence
Coure Xxi4

Then major programs combine human-
ds scientilo nsrng studies, creating

dn educasgonal ofeunusaUn scope
and balanoo. Groups of subjects from the hu-
manisi and technical areas ae conjoined to
yield a subetantal "dual literacy," a basic
command of each mode of Inquiry. One part is
a seleodn from the undergraduate degree
curriulum of a science or engineering depart-
mant, or the Department of Brain and Cogni-
tive Soliences, approved by a faculty member
In the ield. The other part consists of subjects
in some field of the humanies, chosen by the
student In consultadon with an advisor from
the appropriate humaniti faculty. In most
cases a senior theels, general examinaion, or
sequence of advanced seminars is also re-
quired.

This arrangement yilids a humanitis program
of cofnsiderable depth while allowing for oon

twed serious commitment to a scientific or
engineering Interest. AvaIlable humanities
ields include:

Aniropology/Arhaology
Foreign Languages and Uteratures (in French,
German, Russian, or Spanish)

Uerature
Music
Writing (Creative, EWpceltory, Solence
Journalism, or Technical Communioation)
Amo- n Skxses
Lat American Studes
Russian Studise
STS/Humanlies

Any one of these filds may be Joined with
any Science or Engineering ield to form a
maor. Som combinations naturally Ind
themselves not only to an understanding of
each fi but also so atoan d d c om-
pardvs view of the slnhpbetween the
two.

In fact one ield -STS/lHumanitles - is de-
signed expressly for this purpose. it includes a

grup of specially deelgnated relational sub-
ecs offered by the faculties In Humanities
and the Program in Science, Technology,
and Soclety, which provide a focus for inter'
d-olinay work.

lashelor of aience In
Humanlee and Engineering

Corse xE

lashelor of Solenee i
Hummnine and Selenee
Course X-S

Degree requirements applicable to the Class
entering MrT In September 186 (Class of
190) and subsequent Classes:
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Dsp~,int of HumanlUss

miqures -bIIher of Sewene Ri Humities
Course 200

Addonal inftonnauon onosming ege pro-
gramseand other opportunlues In Course XXI Degree requirements app~loable to Clases
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Deprtmnt of Linguistics
and Phlosophy
(Coun a 24)

Undergraduate Study
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4.761 gie Planning
(Same subject as 11.336J)
Prereq.: Permission of Instructor
G (2)
4-4-4

See description under subject 11.336J.
G. Hack

4.736J Introduction to Urban Design and
Developmenrt

(Same subject as 11.301J)
Prereq.: Permission of Instructor
0(1)

3-0-9
See description under subject 11.301J.
D. Frenchman

4.742J Faclilty Programming and
Management (A)
(Same subject as 11.312J)
Prereq.: -
G (2)
3-0

See description under subject 11.312J.
T. F. Lee

4.7431 Housing and Neighborhood
Planning (A)
(Revised Content and Unit)

(Same subject as 1 1.420J)
Prereq.: 11.200 or 4.144
G (2) Not to be offered 1987-8
4-0-8

See description under subject 11.420J.
P. Clay

4.745J Environmental Programming
Workshop (A)
(Revised Unit)

(Same subject as 11.311J)
Prereq.: Permission of instructor
G (2)
3-0

The methods of determining and specifying
needs for change in the built environment, In-
cludes utilization of social science information
and feedback from existing projects, formula-
tion of issues with respect to proposed envi-
ronments, development of consensus on
degree of change and design approach. Case
studies of programming efforts at the building,
and city scales for various public, institutional,
and residential environments, and "hands-on"
exercises In conjunction with private and
public decision-making agencies.
S. C. Howell

4.746J Implementation Strategies for Urban
Design
(Same subject as 11.337J)
Prereq.: Permission of Instructor
G (1)
An.

See description under subject 11.337J.
J. de Monchaux, D. Frenchman

4.747J Theory of City Frm (A)
(Revised Unit)
(Same subject as 11.330J)
Prereq.: 11.001 or 4.736J or 11.301J
G (2)
Arr.

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 mod-
em city and theories about its emerging form,
including the transformation of the 19th-
century city and Its organization. Analyzes cur-
rent Issues of city form In relation to city
making, social structure, and physical design.
J. Blnart

4.748J Cities of Tomorrow (A)

(Same subject as 11.335J)
Prereq.: Permission of Instructor
G (1)
3-0-6

See description under subject 11.335J.
D. Frenchman

4.751 UrbanisatIon in Developing
Countries: People, Dwellings, Land (A)

Prereq.: Permission of instructor
G (1)
3-3-6

Identifies changing dwellings/land situations in
relation to cultural, social, economic, and
physical factors. Provision of land and ser-
vices for the most needy sectors of the popu-
lation. Actual practice in Africa and Latin
America forms the frame of reference as well
as its main sources. Extensive use of case
studies of actual projects.
R. Goethert

4.753J Local Housing Policies In
Developing Countries
(New)

(Same subject as 11.463J)
Prereq.:-
G (2)
3-0-6

See description under subject 11.463J.
B. Sanyal, R. Goethett

4.764 Culture, Place, and Architecture (A)

Prereq.: Permission of Instructor
G (2)
3-0-6

Introduces issues about culture, place, and ar-
chitecture. Discusses appropriateness of var-
ious definitions of culture in explaining and
describing the built environment and looks at
cultural sources for the design of place and
buildings In several different societies - tradi-
tional and contemporary. Research about cul-
ture to effect a richer understanding of
architectural meaning and form.
E. Robbins

4.76J Community, Class, and Ros:
A Social Perspective (A)
(Same subject as 11.328J)
Prereq.: Permission of Instructor
G (2)
3-0-6

The nature of the community as a social real-
ity. Emphasizes the different meanings of the
concept "community." Discusses the method-
ological assumptions and problems underlying
notione-of community. Cases cover the theory
of community; the community study In America
and Europe; community as place; class, race,
ethnicity, and community. Readings and eval-
uations of theoretical, descriptive, and meth-
odological writings on community.
E. Robbins

4.767J Planning In Socialist Countries (A)

(Same subject as 11.417J)
Prereq.: Permission of Instructor
G(1)
3-0-

See description under subject 11.417J.
T. Lee

4.771 Behavior In the Buit Environment

Prereq.: Permission of Instructor
G (1)
3-3-6
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,
Interviewing, and perceptual measures in sys-
tematic evaluations of environments In use.
S. C. Howell

4.772 User Needs Programming (A)

Prereq.: 4.771
G (2)
3-0-6

Advanced seminar in selection and utilization
of social science information in the formulation
of architecture and planning programs. Current
programming Issues form basis of case stud-
les. Stresses principles of information transfer
and feedback In evaluation of existing pro-
grams and their built/occupied results. Repre-
sentatives of public and private decision-
making agencies may participate.
S. C. Howell

4.781, 4.782 Research Topics In
Architecture Studies (A)

Prereq.: 4.273
G (1, 2)
Arr.

Research work on individual or group basis.
Registration subject to prior arrangement for
subject matter and supervision by staff.
Staff

Amhitoture
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4.J4"SM pe lsiProbiem In
ArshiteWINe and ooll Change (A)
Prereq.: PermissIon of Instructor
G (1, 2)

Supplementary work on Individual and group
beels. Registrallon subject to prior errang*
ment for subject matter and supervision
staff.
Stlff

Visual Arts

4.601 Art and the Environment
Prereq.: -
U (1) HASS
3-04

Reviews art, architecture, and celebraions
and their positions In workday, religious, and
politiol lfe. Reconsiders the present position
of art and redefines the artists options in the
contemporary environment. Examines fact and
chances effected by current science and tech-
nology vis&--vis our place In nature and
history.

4.02 Visual Form and Expression
Prereq.: -
U (2) HUM-D
3-0-

Introduces the language of art and empha-
sizes experiencing the artist's process of
seing, thinking, and performing with the ob-
jective of developing visual awareness, imagi-
nation, and creative insight. Gestalt theories of
perception and art from the past and present
clarify assignments Involving manipulation of
the visual elements that constitute the vocabu-
lary of non-verbal expression.
Staff

4.821 Visual Projects I
Prereq.: -
U (1, 2) HASS
3-0-6

Emphasizes the Interaction of media concepts
and design principles In creatng visual form
and explores the potential for new modes of
artistic performance Inherent In science and
technology. Projects Involve experimental
manipulation of materials, tools, techniques,
physical processes, natural forces, and optical
phenomena means for visual invention, or-
ganiztion, and expression.

4.623 Form and Design I
Prereq.: -
U (1) HASS
2-4-6

Studies the visual elements of form to under-
stand the processes of form synthesis. Studio
experiments and lectures on proportion,
shape, rhythm, visuai quality of materials, and
three-dimnensional composition. Emphasizes
Imagination and visual snsitiity directed to
enlarge the individual's ability to create an
aesthetic form.
R. Filpoweki

4.824Penomid sigMn MW _

Prereq.: -
U (2) HASS
2-4-6

Three-dImensional experiments and lectures
on the organization of quantities, uni to
volume relationships, modularity and form,
volume and structure, surface structure of vol-
ume, $pace compositon, point, one, plane
composition, and sculptural composidon. Em-
phasizes architectonic and sculptural aethetic
of form.
R. Flipowski

4.635 Form and Color
Prereq.: -
U (1, 2) HASS
3-0-6

Examines color in natural form. Experiments
Involving the color and form relationship to
proportions, peroentages, repetition, directions,
quantity organization, structural order, angle
position, and volume composition. A study to
gain knowledge of color for the refinement of
architectural form.
R. PM~owe*W

4.121 Form and Color Workshop
Prereq.: 4.825
U (1, 2) HASS
0-1-3

Seuenc of study projects Involving color and
area, texture, periodic patterns, random con-
figurations, color depth, black and white, visual
vibrations, color and natural form, volume,
structure, motion, object and the color environ-
ment, and the visual Influence of color on
spaces.
R. Filpowid

4.627 Plastl Compoeition

Prereq.: 4.824
U (2) HASS
2-4-6

Continuity of surfaces, synthesis of diverse
geometries, group form relationships, object
and the landscape, and the optimum three
dimensional relationship of the object form be-
ale for studying plasti sculptural composition.
Emphasizes Inventiveness and meaning of
sculptural form.
R. Flipowskl

4.26 Special Problems In Visual Deelgn
Prereq.: 4.821 or 4.824
U (1, 2)
Arr.
Supplementary work on Individual and group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

Ambiftufe 410
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4.831 Environmental Art
Prereq-.:-
U (1) HASS
0-4-8

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 exe-
cution. Artistic means ranging from large-scale
painting and graphic design to kinetic architec-
ture and natural elemental growth-and-change
systems and to sound and video installations
and performances.
0. Plene

4.13 Special Problems in Environmental
Art

Prereq.: 4.831
U (1, 2)
Arr.

Supplementary work on Individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
0. Plene

4.145, 4.141 Advanced Visual Design (A)

Prereq.: Permission of instructor
G (1, 2)
0-8-12

Individual concepts, projects, design, and exe-
cution of installations, objects, and events in
environmental art and performance involving
elemental and science-technology means and
media.
0. Plane

4.8665-4.8659 Special Problems in
Environmental Art (A)

Prereq.: Permission of Instructor
G (1, 2)
Arr.

Special work on an Individual or group basis
using specific means such as video, hologra-
phy, and multimedia. Registration subject to
prior arrangement of subject matter and su-
pervision by staff.
0. Plane

4.61 Life Drawing

Prereq.: -
U (1, 2)
0-3-2

Approaches lit, drawing emphasizing the dy-
namic rather than realistic aspect of rendering.
Encourages making impressions of the human
figure by relying on creative Instincts and nat-
ural ability to create illusions using the conte
crayon and an eraser. Some exercises deal
with precise observations and skill in graphic
representation. May be repeated for credit.
N. Blchajlan

4.862 Still-LIfe Drawing

Prereq: -

U (1, 2)
0-3-2

Approaches still-life drawing emphasizing light
and shadow and linear and perspective ren-
derings of varied subject matter, Value, color,
texture, and form using conte, pen and ink,
brush, and chalk to mix and create Images.
May be repeated for credit.
N. Bichajlan

4.O3 Advanced Pigure Drawing

Prereq.: 4.861
U (1, 2)
0-3-2

Emphasizes the formal elements of line, mass,
texture, and spatial development and the ex-
pressive, emotional value of the figure drawn
on two nensional surfaces. Experimentation
with a wiae variety of techniques using a
conte crayon and an eraser.
N. Blchajlan

4.870 Words, images, Graphics Tools,
and Ideas
Prereq.: -
U (1) HASS
2-4-6

Introduces the spectrum of graphics ideas and
tools available at the Visible Language Work-
shop. Public and personal ways of seeing,
thinking, and communicating in visual and
verbal modes including making ideas visible,
perception and personal response. Uses photo-
graphic, print, typographic, electrostatic, video,
electronic, and other graphics/imaging tools in
two and three dimensions. Group exploration
of mass-media tools from printing to video and
audio as a final public presentation. Lab fee.
M. Cooper

4.871 Graphics Communication Workshop

Prereq.: -
U (2) HASS
2-4-6

Thinking and communicating visually and sen-
sodally by design. Applies static and dynamic
graphic principles to the design of drawing, ty-
pography, symbols, diagrams, maps, photog-
raphy, video, computer-graphics, color, word
and image organization, sound and animation.
Develops perspective and conceptual skills
culminating in a coordinated media presen-
tation of Issues and ideas in such forms as
photo essays, printed reports, slide shows,
videotapes. Lab fee.
M. Cooper

4.872 Graphlca/imaging Workshop:
Print Media

Prereq.: 4.870 or 4.871
G(1)
2-4-6

Comprehensive, production-based workshop
in graphic systems from photography to typog-
raphy to lithography addressing the relation-
ship between tools and the messages they
convey. Emphasizes synthesis of verbal and
visual communication skills and development
of work from concept to product. Graphic arts

darkroom experience leads to Individual and
group projects in variety of print media from
photographic techniques and offset printing to
electronic scanning and digital typesetting.
Open to qualified undergraduates.
M. Cooper

4.673 Graphics/imaging Workshop:
Transmission Media
Prereq.: 4.870 or 4.871
G (2)
2-4-6

Explores Image processing systems and
transformations allowing their output in two-,
three-, or four-dimensions through any of the
senses. Centers on analog and digital forms of
expression that can be transmitted locally and
globally through such means as personal and
public networks, telephone, cable, and satellite
in order to gain a heightened understanding of
communication systems and their physical and
ideational transforms. Explores notions of "Im-
age" beyond those traditionally accepted.
Open to qualified undergraduates.
M. Cooper, R. MacNeil

4.874 Graphics/imaging Workshop: Color

Prereq.: 4.870 or 4.871
G (1)
2-4-6

Explores the uses of color theories such as
modem additive and subtractive synthesis.
Creates graphic color expressions in analog
and digital imaging systems at the Visible Lan-
guage Workshop and transforms them through
color image enhancement, manipulation, and
conversion from one medium to another. Uses
both the VLW electronic scanner and com-
puter graphic/imaging system to allow realiza-
tion in traditional photomechanical print
systems such as color -i k.apler materials, off-
set lithography, and dye transfer. Open to
qualified undergraduates.
R. MacNell

4.875 Computer Graphics Workshop I

Prereq.: 4.870 or 4.871
G (1)
2-4-6

4.876 Computer Graphics Workshop 11

Prereq.: 4.876
G (2)
2-4-6

Project-based survey Introduces the computer
as an expressive tool in Image and word ma-
nipulation/synthesIs. Graphical problem solving
In PLI and Magic6 using sample programs.
Connections to traditional and experimental
print forms using the Visible Language Work-
shop's full-color computer graphics system,
color graphic arts scanner, plotter, small hard-
ware projects in digital markmaking. Requires
final project produced on VLW system and a
software or hatdware tool which can be In-
stalled as part of that system. Open to qual-
fled undergraduates.
R. MacNeil
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4.764.079 Graphlosimaglng Media
projct
Prereq.: 4.870 4.871
U (1, 2)
Arr.
Special work on an individual or group basis
combining research and projects In graphics/
imaging media. Registration subject to prior
arrangement for project and supervision by
staff.
M. Cooper

466 Media Communication Seminar and
Workshop (A)
Pree.: Permission of instructor
0(1)
2-4-6

Explores synthesized production of media art
and technology in a three-part format of re-
search, projects, and presentations: 1) the
production and evaluation of personal projects;
2) presentations by participants and research-
ar In art and technology; 3) seminars on
media art and technology theory and issues.
Topics: computer typography, animation, and
imaging systems work culminates In a short
conference, exhibition, and documentation of
projects.
M. Cooper, R. MacNedl

4.81 Graphics/imaging Media Research
Methods (A)

Prereq.: 4.880
G (2)
2-4-6

Investigates the intrinsic similarities and differ-
ences between research modes and issues in
the arts, humanities, science and technology.
Develops new models of research communi-
cation. Selected speakers and presentations.
Final project Includes the documentation, pre-
sentation, and defense of a pre-thesis project.
M. Cooper, R. MacNeil

4.817-4.89 Graphic Imaging Media
Projects (A)

Prereq.: Permission of Instructor
G (1, 2)
Arr.

Special work on individual or group basis
combining research and projects in graphics/
Imaging media. Registration subject to prior
arrangement for subject matter and supervi-
sion by staff.
M. Cooper

4.901 Creative Seeing
Prereq.: -
U (1) HUM-D
3-0-6

Creative Seeing offered by photographers,
filmmakers, visual designers, and art critics.
While each has a unique way of presenting
and visually manipulating the world, all are in-
volved in Creative Seeing. Their common aim
Is to allow students to experience this level of
vision by personal subjective discovery. Or-
ganized into parts each conducted within one
of the fields. Limited enrollment. Preference to
freshmen and sophomores.
M. Cooper

4.906 Small Built-Collage (A)
Prereq.: 4.143
G(1)
3-0-9

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

4.90 Special Projects in Visual Arts

Prereq.: Permission of instructor
U (1, 2)
Arr.

4.909 Special Projects In Visual Arts (A)
Proreq.: Permission of Instructor
G (1, 2)
Arr.

Supplementary work on individual and group
basis on visual arts projects Involving more
than one medium. Registration subject to prior
arrangement of subject matter and supervision
by staff.
Staff

4.915 Basic Photography for Architects

Prereq.: Permission of instructor
G (1, 2)

3-0-9
A basic approach to architectural photography
including film processing, printing, techniques,
copy work, filtration, and metering. Technical
information to better understand the relation-
ship between film, camera, and light. Topics
Include the role of daylight and artificial light
and their relation to forms, tone, and texture in
picture taking, basic design, and composition.
35mm camera necessary.
N. Blchajlan

4.921 Creative Photography I

Prereq.: -
U (1,2) HASS
4-4-4
Introductory subject covering both large and
small format cameras, exposure and develop-
ment of film, printing, and final presentation.
Varied assignments encourage exploration of
all aspects of creative photography. Assumes
that possibilities for personal expression in-
crease as technique grows. Lab fee.
M. Cooper

4.924 Creative Photography i
Prereq.: 4.921
U (2) 2ASS
3-0-9

Intermediate level production subject empha-
sizing the student's unique vision. Requires a
substantial project. Weekly critiques, readings,
and intensive study of related well-known pho-
tographic work. Lab fee.
M. Cooper

4.927 Advanced Photography (A)
Prereq.: Permission of instructor
G (1)
2-5-5

Production-oriented workshop in photography.
Students pursue and develop own unique
styles. Explores advanced technical problems
and various methods of evaluating Images.
M. Cooper

4.928 Special Projects in Photography
Prereq.: 4.921
U (1, 2)
Arr.
Photographic production projects on an indi-
vidual basis. Work in various fields of photog-
raphy not covered by regular subjects.
Registration subject to prior arrangements of
subject matter and supervision.
M. Cooper .

4.929 Special Advanced Projects In
Photography (A)

Prereq.: 4.921
G (1, 2)
Arr.

Advanced photographic production projects on
an individual or group basis. Work in various
fields of photography not covered by regular
subjects. Registration subject to prior arrange-
ments of subject matter and supervision.
M. Cooper

4.943 Learning Environments (A)

Prereq.: Permission of instructor
G(1, 2)
3-0-6

Seminar to develop a framework for under-
standing the entry of new technologies -
computers, video technologies, communica-
tions - into the process of learning. Reading
covers a broad range of topics In human sci-
ences, epistemology, and computer sciences;
research projects, either self-initiated or as-
signed. May be repeated for credit.
S. A. Papert

4.946J Cognitive Aspects of Musical
Development and Learning (A)

(Same subject as 21.668J)
Prereq.: Permission of Instructor
G0(1)
3-6-3

See description under subject 21.668J.
J. S. Bamberger, S. A. Papert

4.949 Special Topics In Learning
Environments (A)

Prereq.: Permission of Instructor
G (1, 2)
Arr.

Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
S. A. Papert
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4.113 Spatial Imaging System.
Prereq.: Permission of Instructor
GO1)
3-3-3

Surveys the technology of spatial Imaging
from stereoscopes to holograms, emphasizing
unaided viewing systems, and explores the
perceptual, technical, and aesthetic bases of
sasfying three-dimensional image communi-
cation. Includes a review of the elements of
Imaging optics. Lab fee. Open to qualified
undergraduates.
S. Benton

4.964 Holographic Imaging
Prereq.: Permission of Instructor
G (2)
3-3-3

A laboratory-based exploration of the princi-
ples, techniques, and applications of hologra-
phy as a visual medium, emphasizing white-
light holograms and digital/photo/optical
syntheses of quasiholographic images. Lab
fee. Enrollment limited. Open to qualified
undergraduates.
S. Benton

4.969 Special Projects in Spatial
Imaging (A)

Prereq.: 4.953 or 4.954
G (1, 2)
An.

Advanced spatial Imaging and/or holographic
work on Individual or group basis. Registration
subject to prior arrangement of subject matter
and supervision by staff.
S. Benton

4.961, 4.962 Research In Media
Technology (A)
(Now)

Prereq.: -
G (1, 2, S)
Arr.

For research assistants in Media Technology
in cases where the assigned research is ap-
proved for academic credit by the Department.
N. Negroponte

4.966-4.9069 Special Topics In
Media Technology (A)
(New)
(4.259)
Prereq.: Permission of instructor
A (1, 2)
An.
Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment for subject matter and supervision by
staff.
Staff

4.971 introduction to Moviemaaking
Prsreq.: Permission of Instructor
U (1) HASS
4-6-2

Workshop In unscripted synchronous sound
moviemaking with super-8 film and portable
video. Emphasizes approaches to filming real
life experience, while exploring moving Images
In their relation to sound. Introduces tech-
niques of camerawork, sound recording, and
editing with regard to theoretical considera-
tions of subject presentation and modes of
personal expression. Lab fee.
R. Leacock, G. Davenport

4.973 Intermediate Motion Picture
Production
(Revised Content)

Prsreq.: 4.971
U (2) HASS
4-6-2

Workshop In film/video production for students
with some experience. Emphasizes refinement
of production technique; Introduces 16mm and
broadcast video technology. Group work for fi-
nal projects. Topics may include blo/autoblo-
graphical, time/space, performance and/or
science movies.
R. Leacock, 0. Davenport

4.977 Special Projects In Television
Production
(Revised Content)
Prereq.: Permission of Instructor
U (2)
Arr.

Supplementary work on individual or group
basis in the production of a significant project
for cable or broadcast television. Registration
subject to prior arrangement of subject matter
and supervision by staff.
R. Leacock

4.978 Independent Projects In Film/Video
Production

Prereq.: Permission of Instructor
U (1, 2)
A",
Supplementary work on individual or group
basis. Registration subject to prior arrange-
ment of subject matter and supervision by
staff.
R. Leacock

4.981 Advanced Moviemaking
Workshop (A)
(Revised Unit)

Prereq.: Permission of Instructor
G(1)
Arr.

Intensive advanced workshop in unscripted
moviemaking. Combines a thorough review of
sound, single and double system, super-8,
and video technologies and production tech-
niques with screening and discussing other
filmakers' work. Following initial exercises in
sound, super-8, and video, students complete
two short but significant movies, one in super-
8, one In video. Average cost of supplies $300
per student. Required of all entering graduate
students in FilmNideo section.
G. Davenport
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4.92 Advanced Moviemaldng
Worlkshop N (A)-fvh Conrtent)
Prereq.: 4.981
G(2)
4-6-2
Continuation of 4.961. Analysis of student
work-in-progress as well as significant work by
other filmmakers. Theoretical discuasion of ed-
iting style in relation to overall movie structure.
Consideraton of cinematic structures for polyll-
near movies. Students edit sequences shot by
other filmmakers and complete one or two
short movies. Meetings with visiting flimmak-
ore. Required of all second-semester graduate
students in Film/Video section.
R. Leasoock, 0. Davenport

4.983 VIsiting Artists Workshop (A)

Prereq.: 4.981
G (2)
Arr.
Advanced seminar sharing theoretical and
technical problems of moviemaking approach,
structure and subject development, and editing
with visiting filmNideo makers, technical ex-
parts, follow students, faculty, and staff. May
Include special workshops in group production
or technical subjects. Final paper. Required of
all graduate students in Film/Video section.
R. Leaoock

4.964 Design Project in Film/Video
Technology (A)

Prereq.: Permission of Instructor
G (1)
Arr.

Independent engineering project, Involving
electronic or mechanical modification of low-
cost moviemaking systems, video-computer
Interface, audio and Image processing, hard-
ware design for special applications. Registra-
tion subject to prior arrangement of research
topic and approval of instructor.
0. Davenport

4.9865 Film/Video and Its Technology (A)

Prereq.: 4.981
G (2)
4-4-4

A direct approach to technical concerns of the
Independent filmmaker for all phases of flim/
video production including sound, super-8 and
16-mm film, video. Topics: lens and camera
options, raw stocks, printing techniques; mi-
crophones and recording techniques, audio
processing and mixing; lighting; basic electric-
ity, electronics, and power systems; video
cameras, recorders, and editing systems
and options; film video transfers; field
maintenance.
R. Leacock
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4 S USel P9eise in New Medli (A)

Prereq.: Permission of Instructor
a (1, 2)
Arr.
Group projects In media/performance, educa.
tional video disc end/or other applications re-
quiring the use of computational video. Target
problems and a range of approaches analyzed
as production Is designed and Implemented.
Sltff

4.9 Workshop In Welstle Movie Time (A)
Prereq.: 4.982, 4.985
G(1,2)
6-8-2
Intensive workshop in electronic Image, sound,
and time manipulations ei new mov
forms. PartcIpants use the FI group's
video editing and research facility to create
works that expand and contract motion picture
tme. Projects Involve mulIple odits of two
movies and a presentation of possible spplica-
Nons of elastd time: mulidple-media perform-
ance events, Interactive movies, personal-
Ited editing.
a. Bervory

4.900 Independent Projects In Motion
Ploture Prodution (A)
Prereq.: Permission of instrucor
G(1,2)
Arr.

Individual or group work of advanced and ex-
permenta scope. Reittion contngent
upon prior determin of subject matter and
plan for treatment, as well as arrangement for
staff supervision and project funding.
R. Leok

4.901 Introduotion to the History of Film
Prereq.: -
U (1) HASS
3-M
Views and discusses movies pardoularly In
light of technologlcal Innovation. Analyzes var-
ous film genres revean the relation of the
historical development of producdon technol-
ogy to film form and content. Some elemen-
tary moviemaldng exercises. Requires final
paper. Lab fee.
R. LeScock

4A0 Speelal Topias In Film History and
Critiolem (A)
Prereq.: 4.991
G(1,2)
Arr.
Individual projects in fim history and cdltcism.
Prior arrangement and approval of Instructor
nesm ry.
R. Leacock
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6,UR Undergreduats Ressamh
Prereq.:.-
U (1, 2)
A".
ftW= of resesarch to be aaned by the

and a departmental fc member.
Department Coordinator: R. L Danhelw

5,06 Prinalples of hiorgenic Chemisty I
Prereq.: 541 or 5.11
U (2)
4-4
Presents theoreioal prInciples of chemical
boning and molecular structure, and theIr ap-
paicetion to the chemistry of all the elements of
the p-ac system.
D. Sey/e"e, M. S. WrWfon

M.04 Prinalples of Inorgnic Chemistry N
Prreq.: 5.03
U (1)
4-0

Systmatlo presentation of the chemistry of
coordinaton compounds of the transion ole.
ments. Special emphels placed on gand

id toory, to interpret the electronic spectra,
magno properUes, rection mechanisms,
structure and a d ese inogani
ccmpse. 5.61 ancouraged.
A D.vimon, R. R. &vc

5.05 Princlples of Inorganic Chemistry
Prersq.: 5.03. 5.04
U (1)
3-0

Coninued development of systemai inor-
go chemistry of te elements. Application of
valence theory and advances in structural
chemistry to topics not covered in 5.03 and
5.04. Emphaes synthesis and reacoviAy,
metal complexe with n" acceptor Uganda,
orgnometlo h isy, chem- 
try. and reactviy pattem of the
elemnts.

. J. LtW R. R. Schrock

&.00 Advanced Inorganic Chemistry (A)
Prereq.: 5.03
G (2)
3-4

Extended treatment of some special topics of
curent interest In modem inorganic chemistry,
organometelie compounds of non-transilon
elements; treatment in terms of modem elso-
troni ard structural theory. Altemate years.
D.8erfre

L0 Introdulory Binorgenio Chemistry
(fedk Univ
Prersq.: 5.03
G (2lyNo oilse 1967T-U6
344-
Emphalsies structural, spectroscopic, and
funcdonal properties of transiton metals ooor-
dinated to proteIns. Overviews metabolism,

li g, toxciy, and catalydo roln of metal
lons, W~Wby description of ft prindcple
mehods useful In m"etaobichemistry. Con-
sidere thprincIpal types of metalloprotelns.
W. H. Orm-Jonson, S. J. Lopa

.067 Inorgmno Chemistry (A)
Preeq.: 5.03
G (1)
2-0-4

Transiton metal catalysis. Consists of 1) a
dismon of prnces of catalysis, oWludon
of catly systens and eee *tech-
niques; 2) a survey of reacdon types and
metal catalysts; and 3) delaled cqlorason of
several exemplary catalyc reactions from a
mechanisuo viewpoint
S. J. LCpwd

.11 PrInolples of Chemical Solence
Prsre.: -
U (1, 2) SD
5-0-7
introducton to chemistry with emphasis on
basic principles and tek appliatons. In-
coludes: aom and monecula electonic suc-
ture, thermodynamics, aid-base and redox
equalbria, mechanisms and catalysis.
Term 1: D. S. Kmp M.S. VWghtcn
Term 2: A Davison, G. A Pesn

5.12 Organic Chemistry I
Premq.: 5.11
U (2) SD
5-0-7
introducton to organic chemisty. Emphasis
on organic funcional group$ and theIr interre-
latins. subeduon and eminatin chemitnry
and mechanisms covered toroughly. Chemie-
ry of the orbony1 goupin inldd. inrduc-

tion to spectroscopic techniques for structure
proof
0. A bemhtW, F. D. Greene

6.12 orgOno Chemilry N
Prereq.: 5.11, 5.12
U (1)
5-0-7

intermediste organic chemistry. Synthesis
structure deleninaton, mechanism, and the
reletionshipe between structure and reactvity
emhased i topics in organic chemis-
try included to kals the role of organic
chenisy In biological systems and in te
chenicalindusy.
K 8. asharpfe, R. L. Danheiser

5.196 InterpreWve SpectrosMopy (A)
Prreq.: 5.13, 5.61
G (1)
3-4
Discusses spectrometric techniques and their
application to Identcation of organic chemical
ompounle. Major emphasis on conpleen-
tary use of Infrared, nuclea magnic reso-
nance, and ms spectrometry. Also
disousees instrmenai and operational
aspects of ma spectrometry.
K Bemann, G. A Bahlold

5.310 Laboratory Chemistry
Prsreq.: 5.12
U (1, 2) LAS

Introduces experimental chemisty for students
who are not moring in Course V. PrInciples
and applcaton of chemdcl laboraory tech-
nrque ng prepmation and aalysi of
chemalr, measurement of pH, gas
and quid chromatography, visible-ultraviolet
spectophotometry, infrared spectroscopy,
eletrophoreIs, kinetios, data analysis, and
elementmay syntheais. Enrolment lmnied to
100 students in Term I and to 180 students
in Term 2.
J. L ftWney R. A Abery

5.311 Intodutctry chemical
Expre-ntadon
Prreq.: 5.12 or 5.11
U (1) LAB
2+2
First term of a three-tem laboratory subject
sequence for Course V majors. Experimental
work emphasizes development of fundamental
laboratory sits and techniques: volumeetc
and colorlmetrio analysis; preparation, purlmoa-
tion, and charmoterallon of chemical sub-
stances; and data analysis. Enrollment ited
to 00 students. Registration in Course V or
pemiselon of instructr required.
8. T. Cefyr

5
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U.32 intermediate Chemical

~*ffateion

Prersq.: 5.310 or 5.311, 5.13, 5.00
U (2)
0-12-3

Experimental work more advanced than In
5.310 or 5.311 emphasizing polarographic
analysis, thermodynamic and kinetic measure-
ments of organic reactions, and synthesis, pu-
rification, and analysis of organic compounds
employing Ir, nmr, uv, mass spectroscopy, and
thin layer and gas-liquid phase chromatog-
raphy.
K. Ssmann

5.33 Advanced Chemical Instrumentation

Prereq.: 5.32, 5.61
U (1)
0-15-6

Advanced experimentation with particular em-
phasis on chemical synthesis and on the fun-
damentals of quantum chemistry Illustrated
through molecular spectroscopy. Projects In-
clude NMR, ESR, and computer-interfaced IR
spectroscopy; electrode kinetics; synthesis of
organometallics under inert atmosphere; and
synthesis of polymers.
K. A. Nelson

5.43 Organic Chemistry

Prereq.: 5.13, 5.03
U (2)
4-0-8
Studies reaction mechanisms emphasizing re-
active Intermediates, structure-reactivity rela-
tionships, and reactions of synthetic value.
S. L. Buchwald, W Mungell

5.47 Organometallo Chemistry (A)

Prereq.: 5.03, 5.43
0 (2) Next offered 1907-08
2-0-4

Discusses fundamental processes In organo-
metallic chemistry: Mechanistic aspects, uses
In Industry and in organic synthesis.
S. L. Buchwald, K. B. Sharpless

5.50J Advanced Biochemistry (A)

(Same subject as 7.75J)
Prereq.: 7.05
G3(2)
4-0-

See description under subject 7.75J.
G. M. Brown, C. T. Walsh

5.511 Synthetic Organic Chemistry 1 (A)

Prereq.: 5.53
G (1)
3-0-6

Introduction to the design of syntheses of
complex organic compounds.
W R. Roush

5.512 Synthetic Organic Chemistry HI (A) 5.57 Chemistry of Amino Acids, Peptides,
P 5 51 and Proteins (A)

rereq.: .
G (2)
3-0-6

General methods and strategies for the syn-
thesis of complex carbocyclic and heterocyclic
organic compounds.
R. L. Danhelser

5.52 Advanced Biologlal Chemistry
Prereq.: Permission of Instructor
2 (1)
2-0-4
Concepts and methods of biochemistry, with
emphasis on quantitative aspects of problem
analysis. Information: G. A. Petsko.

5.53 Molecular Structure and Reactivity (A)

Prereq.: 5.32, 5.13
G (1)
3-0-6
Reaction mechanisms in organic chemistry:
types of mechanisms, reactive Intermediates,
methods of investigation, relation of structure
to reactivity.
S. L. Buchwald, F. D. Greene

5.54 Physical Organic Chemistry (A)_
Prereq.: 5.53
G (2)
2-0-4

Mechanisms of representative organic reac-
tions in homogeneous liquid systems. Kinetic
and other physical methods useful In studying
organic reactions. Types of experimental evi-
dence upon which current theoretical interpre-
tations of reactivity are based.
D. S. Kemp

5.55 Organic Chemistry: Natural
Products (A)

Prereq.: 5.511
G (2)
2-0-4

Chemistry and physiological action of natural
products. Methods of isolation; determination
of structures and synthesis.
G. H. BOchi

5.56 Special Topics In Organic
Chemistry (A)

Prereq.: 5.511, 5.53
G (2)
2-0-4

Advanced topics of special current Interest.
S. Masamune, K. B. Sherpless

Prereq.: 5.13
G (2) Next offered 198748
3-"
Synthesis of amino acids and peptides. Pro-
tective groups, amideformation, deprotection.
Purification and manipulation of peptides. Cor-
relations between structure and biological ac-
tivity. Conformations of peptides. Peptides and
proteins as reactive organic molecules. Rela-
tionships between structure and reaction
mechanism for enzymes.
D. S. Kemp

5.59 Enzyme Physical Chemistry
Prereq.: 5.62
G3(2)
2-".
Biophysical approaches to mechanisms of
enzyme-catalyzed reactions. Analyzes kinetic
mechanisms from fit of algebraic models to
steady-state and pre-steady-state rate data.
interprets structural and spectroscopic data to
yield chemical mechanisms. Evaluates evi-
dence on sources of rate enhancement. Ther-
modynamic profiles and evolution of enzyme
mechanisms. Emphasizes use of physical
methods, particularly with metalloenzymes.
Examples mainly from major cellular oxido-
reductive processes.
W. H. Orme-Johnson

5.60 Chemical Thermodynamics

Prereq.: 18.02
U (1, 2) SD
4-0-8
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. Equilibrium phase rule, colliga-
tive properties of solutions, homogeneous and
heterogeneous chemical equIlibdum of reac-
tions in the gas phase and solutions.
Term 1: 1. Oppenhelm, J. S. Waugh
Term 2: K. A. Nelson, R. J. Silbey

5.61 Physical Che&istry

Prereq.: 8.02, 18.02
U (1) SID
4-0-8

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.
R. W. Field

5.62 Physical Chemistry

Prereq.: 5.60 or 10.13
U (2)
4-0-8

Elementary kinetic theory and statistical me-
chanics; transport properties of gases and
liquids; rates of chemical reactions.
C. W. Garland, S. T. Ceyer
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6.64.1 Siophysleel Chemistry
(Same subject as 7.71J)
Prereq.: 5.60, 7.05
U (1)
3-0-9

See description under subject 7.71J.
G. A Potsko, R. T. Sauer, P. R. Schimmel

5.66.1 Statistic of Macromolecular Systems
(New)
(Same subject as 10.682J)
Prereq.: Permission of Instructor
0(1)
346

See description under subject 10.682J.
J. M. Deutch, U. M. Suter

5.66 Kinetics of Chemical Reactions (A)
Prereq.: 5.62
G (2) Next offered 198748

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
permission of instructor.
J. L Steinfeld

5.70 Introduction to Statistical
Thermodynamics (A)

Prereq.: 5.62

3-"-
Reviews classical thermodynamics and intro-
duces elementary statistical mechanics, with
applications to simple physical and chemical
systems.
P. W Phillips

5.72 StatistIcal Mechanics (A)

Prereq.: 5.70, 5.73, 18.075
G (2)
3-0
Principles and methods of statistical mechan-
ics. Classical and quantum statistics, grand
ensembles, fluctuations, molecular distribution
functions, and other topics in equilibrium sta-
tistical mechanics. Advanced topics in thermo-
dynamics, including irreversible processes.
P. W Phips n

5.73 Introductory Guantum Mechanics I (A)

Prrq.: 5.61, 8.03
O (1)
3-0-6

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. Paull principle and spin. Introduction
and use of operator and matrix methods.
R. J. Silbey

5.74 Introduotory Quantum Mechanics 11 (A) 5.912 Semnbor In Chemistry for
Prre : A 73 f 1 7 Undgraeduate
G (2)
3-6

Continuation of 5.73 Permutation symmetry
and angular momentum. Molecular dynamics.
Time-dependent problems, radiation and mat-
ter. Scattering by a central field. Many-electron
systems, approximate molecular and atomic
wave functions.
J. S. Waugh

5.76 Molecular Spectra and Molecular
Structure (A)
Pre,, .: 5.61 or 5.73 or 8.05
0 (2)
3-0-6

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 Bom-
Oppenheimer approximation. Group Theory,
selection rules, normal coordinates. Laser
spectroscopy.
R. W Field

5.80 Special Topics In Chemical
Physics (A)

Prereq.: 5.70, 5.73
G (1, 2)
Arr.
Advanced topics of special or current interest.
The specific areas announced in advance of
each term. Information: R. J. Silbey.

5.82 Advanced Topics In Soli-Ste
Chemistry (A)

Prereq.: 5.70, 5.73
G0(1 or 2)
Anr.
Selected topics from areas such as: structure
of crystals, surface structure, symmetry
groups, diffraction methods, lattice dynamics,
order-disorder and magnetic phenomena, mo-
lecular motions in solids, relaxation phenom-
ena, optical properties and exciton theory.
Information: J. S. Waugh.

5.69 Special Problems In Chemistry for
Undergraduates

Prereq.: -
U (1, 2)
Arr.

Program of study to be arranged by the stu-
dent and a departmental faculty member.
M. S. Wrighton

5.90 Special Problems In Chemistry (A)
Prereq.: -
G (1, 2)
Arr.
Directed research and study of special chemi-
cal problems. For graduate students only.
G. A. Berchfold

Prereq.: Permission of Instructor
U (1, 2)
1-0-2

Seminar program for chemistry majors. Re-
search seminars led by faculty in Chemistry.
Open to juniors and seniors majoring in chem-
istry. May be repeated for credit, not to ex-
coed 12 units.
C. T. Walsh, M. S. WrIhion

5.913 SemInar in Organic Chemistry (A)
Prereq.: -
G(1)

5.914 Seminar In Organic Chemistry (A)
Prereq.: -
0 (2)

Discusses current joumal publications in or-
ganic chemistry by graduate students and staff
members. Consult G. A. Berchtold.

5.915 Seminar In Analytical Chemistry (A)
Prereq.: -
G (1)
1-0-2

5.916 Seminar In Analytical ChemIstry (A)
Prereq. -
G (2)
1-0-2

Discusses topics of current interest in analyti-
cal chemistry by graduate students and staff
Members.
K. Blemann

5.931 Seminar In Physical Chemistry (A)
Prereq.: -
G (1)
1-0-2

5.932 Seminar In Physical Chemistry (A)
Prereq.: -
G (2)
1-0-2

Discusses topics of current interest In physical
chemistry by staff members and students.
Term 1: C. W Garland
Term 2: R. W Field

5.941 Seminar in Inorganic Chemistry (A)
Prereq.: -
G0(1)
1-0-2

5.942 Seminar In inorganic Chemistry (A)

Prereq.: -
0 (2)
1-0-2

Discusses current research In inorganic chem-
istry by graduate students and staff.
Term 1: D. Seyerth
Term 2: R. R. Schrock

JISD
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6 Electrical Engineering
and Computer Science

Basic Undergraduate
Subjects

6.001 Structure and InterpretatIon of
ComputeProgramns
Prereq.: -
U (1, 2)
5-3-7

Control of complexity In large programming
systems. 1)Bulding abstractions: compute-
ional processes; higher-order procedures;

compound date; data abstractions.
2)Controling interaotlons: generic operations;
self-deecrbing data; message passing;
streams and Infinite data structures. 3)Meta-
linguistic abstraction: Interpretation of pro-
gramming languages; machine model; compi-
Maoni; embedded anuao. substantial
waftd programming armwo e an Inte-
gral part of the course. Enrollment may be
limited.
H. Abelson, G. J. Sueman

6.002 Circuits and Electronics
Prereq.; 8.02 or 6.021 or 8.022 or 8.023,
18.03 or 16.06
U (1, 2) SD
4-2-9

Fundamentals of lumped networks, resistive
elements and networks, energy storage ele-
ments, dynamics of first- and scond-order
networks, sinusodal steady-state analyis,l
network equivalence theorems, electronic de-
vices, circuits, and applcations. Aternate
week laboratory. Students with appropriate ex-
prdence In electronic ckuits may treat the
8.02 p eite as a corequiete. Enrollment
may be imie.

.D. Sanwtd, C. L. Seale, J. K. Roberge

600s Signals and systems
Prereq.: 6.001, 6.002
U (, 2)
4-2-9

Unilateral .aplace transform and its applica-
tions to networks and electronic systems In-
cluding feedbac. Decoripton of linear ime-
invariant systems in the time and frequency
domains; convolution, Fourier series and Inte-
grals. Uncertainty relations and sampling theo-
rem. Dison to-time systems and signals.
Applications to analog and digital flitering sys-
tems and modulation systems.
W M. Slabert, R. S. Kennedy

6004 Computation Structures
Prersq.: 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. Muld-level Imple-
mentation strategies; definition of new primi-
ives (e.g., gates, Instructions, procedures,
processes) and their mechanization using
lower-level elements. Analysis of potential
concurrency; precedence constraints and
performance measures; pipeilned and mutidi-
menslonal systems. Instruction set design is-
sue; architectural support for contemporary
software structures.
S. A. Ward

6.012 Electronic Devices and Circuits
Prr)q.: 6.002, 8.02
U (1, 2)
40-8
Modeling of electronic devices and analysis of
nonlinea circuits. Physical electronics of semi-
conductor junction and MOS devices and de-
velopment of circuit descriptions for these
devices; relation of electrical behavior to inter-
nal physical behavior, and limitations of circuit
models. Development of Incremental and
large-signal techniques for analysing circuits
containing nonlinear devices. Analysis of
signal-processing circuits which employ these
devices, with examples chosen from switching
circuits, single-ended and differential ampli-
fiers, and Integrated-circult amplifiers.
C. G. Fonstad, Jr., D. J. Epstein

6.013 Eletromagneto Fiels and Energy
Prereq.: 6.002, 8.02
1. 1,2)
4

Maxwell's equations and the LorenIZ force
law. Quasistatic forms of Maxwell's equations.
Studies of electro-quasistato fields and their
sources through solutions of Poisson's and
Laplace's equations. Steady conduction and
polarization. Charge relaxation. Magneto-
quasletatic approximation; magnetic boundary
value problems, magnetization, Induction, cur-
rent induced in stationary and moving conduc-
tors. Electdc and magnetic forces derived from
energy. Electromagnetic waves. Extensive use
of engineering examples.
H. A. Hau#

6.014 Electrodynamies
Prereq.: 6.013
U (1, 2)
4-8
Plane waves in three dimensions; radiation
from elementary electric dipoles, current distri-
butions, and arrays; diffraction and Interfer-
enos. Waves on continuous transmission
lines, periodic structures, and dielectric and
metallic waveguldes; propagation end
evanescence; energy flow and Impedance
matching. Phase and group veloolty. Natural
frequencies and modes of cloced electromag-
neti structures; coupling to resonant struo-
tures, loaded and unloaded O's. Examples
taken from the "elda of acoustios, optics, and
microwaves.
J. A. Kong, D. H. SOeln

6.018 Statistlcal Mechanics and
Thenndynamics
Prereq.: 8.02,18.03
UD (2) SD
4-0-8
Statistical description of large physical sys-
tems. Laws of thermodynamics developed
from statistcal mechanics: phase space; en-
tropy and temperature; work and heat; chemi-
cal potential; equations of state; free energies;
heat engines and refrigerators; phase transi-
tions. Quantum statscs: Fermi-Dirac and
Bose-Einstein gases; statistics of electrons in
metals and semiconductors: superfluidity and
superconductivity; blackbody radiation.
D. Adler

*.021J Quantitative Physlology:
COls and TIsues
(Same subject as 2.791J, HST 541J)
Prereq.: 2.02 or 8.002 or 6.071, 8.02, 18.03
U (1)
4-2-6
Principles of mass transport, electrical signal
nra tion, motity, and mechanical stablilty

biological membrane., cells, and tisues.
Mass transport through membranes: diffusion,
osmosis, chemically medited, and sove
transport. Electric properties of cells: Ion trans-
port; equilibrium, restng, and action potentials.
Intercellular communication: electrical and
chemical Junctions. Muscle contraction. Me-
chanics of connective ssue. Laboratory and
computer exercises Ilustrate the concepts. For
juniors and seniors.
T. F. Welas, R. C. Lee, I. V. Yannae

j
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6,03312 Ouantitative Phyelolgy: Organ

(Same subject as 2.792J, HST 542J)
Prereq.: 2.20 or 6.013, 8.02fJ

3-2-7
Application of the principles of energy and
mass flow to major organ systems of humans
and other animals. Mechanisms of regulation
and homeostasis. Anatomical, physiological,
and pathophyslological features of the cardio-
vascular, respiratory, and renal systems. Em-
phasis on those systems, features, and
devices that are most Illuminated by the meth-
ods of physical sciences. Waiver of 6.021J by
permission of Instructor.
R. G. Mark, B. B. Mikd, R. D. Kamm

6.033J QuantitatIve Physiology: Sensory
and Motor Systems
(Same subject as 2.793J, 16.351J, HST 543J)
Prereq.: 2.02 or 8.003 or 16.30
U (2)
3-2-7

Studies of sensory and motor physiology with
objectives of establishing quantitative modeil.
Peripheral signal processing in eye, ear, and
vestibular systems. Physiology and psycho-
physics of audition, vision, orientation, and
body stabilization. Organization of neuromus-
cular and proprioceptive systems at level of
spinal cord reflex. Postural control and kinetics
of movement. Suppkeniented by laboratory ex-
orcises. 6.021J recommended background.
L. S. FrIshkopt, L. R. Young, R. W Mann

6.033 Computer System EngIneering
Prereq.: 6.004
U (1)
40-8
Topics on the engineering of computer soft-
ware and hardware systems. Multilevel mem-
ory systems; naming and binding; privacy of
information. Atomicity and coordination of par-
allel activities. Recovery and reliability. Net-
works and distributed systems. Techniques for
controlling complexity. Impact of computer
systems on society. Case studies of working
systems and outside reading in the current lit-
erature provide comparisons and contrasts.
R. H. Habltead, Jr., C. J. Terman

6.034 Artfial Intellilgence

Prersq.: 6.001
U (1) SD
4-0-8

Studies the Ideas and techniques that enable
computers to behave Intelligently. Case stud-
les of programs that solve engineering prob-
lems like experts, diagnose disease, loam
from experience, understand the visual envi-
ronment, and engage In English discourse.
The role of search, constraint propagation,
logic, common sense, reasoning and
representation.,
R. C. Berwick, T. Lozano-Perez,
P. H. Winston

6.035 Computer Language Engineering
Prereq.: 6.170
U (2)
4-4-4

Analyzes Issues associated with the Imple-
mentation of higher-level programming lan-
guages. Fundamental concepts, functions, and
structures of compilers. The Interaction of the-
ory and practice. Using tools In building soft-
ware. Includes a substantial multi-person
project on compiler design and
Implementation.
J. V. Gutag, N. A. Lynch

6.036 Problem-Solving Paradigms
Prreq.: 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
procedures, and systems for reastioning effec-
tively and efficiently within stereotypical situa-
tions. Examples drawn from mathematics,
natural language comprehension, and pro-
gramming. Applications of theoretical results to
human problem solving and education.
C. E, Hewitt

6.041 ProbabilIstic Systems AnalysIs
Prereq.: 18.02
U (1,2) SD
4-0-8
Modeling, quantification, and analysis of un-
certainty. 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 Infer-
ence, and decision making under uncertainty.
Interpretations, applications, and lecture
demonstrations.
A. W Drake

6.044J Computability, Programming, and
Logic
(New)
(Same subject as 18.4gW)
Prereq.: 18.063 or 18.310
U (2)
3-0-9

Introduction to logic and computability theory
underlying programming. Functional lan-
guages, lambda-calculi, and equational rea-
soning. Compilation and Interpretation among
languages and machines. Basic undecidable
problems. Rewrite systems: Church-Rosser
and termination. Program schemes and first-
order formulas. Recursion versus iteration. El-
ementary logic: completeness of Gentzen's
system, Herbrand's theorem, Henkin com-
pleteness for type theory, Incompleteness, Re-
lation to theorem-proving and logic-
programming. Program correctness.
A. R. Meyer

6046J1 Automata, ComputablIty, and
Complexity
(RevIseed Unit)
(Same subject as 18.400J)
Prereq.: 18.063 or 18.310
U (1, 2)
4-0-8

Less mathematical and slower paced than
6.840J/18.404J. Introduces basic mathemati-
cal models of computation and the finite repre-
sentation of Infinite objects. Finite automata
and regular languages. Pushdown automata
and context-free languages. Turing machines
and their variants. Partial recursive functions
and grammars, Church's Thesis. Undecidabil-
ity, languages, grammars, and combinatorial
systems. Reducibility and completeness. Time
complexity and NP-completeness. introduces
mathematical logic.
A. R. Meyer

6.046J Introduction to Algorithms
(Revised Unit)

(Same subjec as 18.41W)
Prereq.: 6.001, 18.063 or 18.310
U (1)
4-0-8

Techniques for the design and analysis of effl-
dent algorithms emphasizing methods useful
In practice. Broader coverage and less mathe-
matical than 6.851J/18.414J. Topics: Sorting.
Data structures for sets: lists, trees, hashing.
Graph algorthms: shortest paths, depth-first
search, matching, traveling salesman. NP-
complete problems. Integer arithmetic: GCD's,
prlmality testing. Fast Fourier transform. Multi-
plication of polynomials. Dynamic program-
ming. Linear programming. Parallel algorthms.
C. E. Leisereon

6.047J Algorithmic Algebra and Number
Theory
(Same subject as 18.421J)
Prereq.: 18.06 or 18.710, 18.063 or 18.310 or
18.703
U (2)
3-0-9
See description under subject 18.421J.
S. Goldwasser, H. Rogers, Jr.

6.048J Graph Algorithms

(Same subject as 18.431J)
Prereq.: 18.063 or 18.310 or 18.314
U (1) Not to be offered 197-61
3-0-9
See description under subject 18.431J.
B. Awerbuch

500wo
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Prereq.: 6.002, 6.013
U (S)
3-0-.g
Pundamentals of energy-handling electric cir-
cults and electromechanical apparatus. Model-
ing of magnetic fleld 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 lnear and rotating electric ma-
chinery. Modeling of synchronous, Induction,
and do machinery.
J. L. KIftey, Jr.

1.071 Introduction to Electroncs
Prereq.: 8.02, 16.01
U (1, 2) SD
4-2-6

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. Atemate
week laboratory.
L. D. Braids

6.074 Introduction to Telecommunloations
Systems
Prereq.: 6.003; 8.041 or 18.313 or 18.440
U (2)
3-0-9

Introduces basic principles and technology uti-
lized In telecommunication systems. Desodp-
tion of signals and noise In the frequency
domain. Analog and digital methods of modu-
latIon, demodulation, multiplexing and trans-
mission. Statistical measures of system
performance Including characterization of data
sources, Information content, channel capacity
and error probability. Application of results to
selected communication systems and net-
works. Outside speakers are Invited to
participate.
R. S. Kennedy, J. P. RuIna

Undergraduate Laboratory
Subjects

6100 Eletrical Eninsering and computer
leos Laboratory

Prereq.: -
U (1, 2, 8)
Arr.

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.
Department approval required. Written report
to be submitted upon completion of work. If
6.100 Is used to satisfy Departmental Labora-
tory Requirement, student must register for 12
units of laboratory credit In the term the work
Is done. Consult Department Undergraduate
Office.
L. A. Gould

6.101 Introductory Electronics Laboratory
Prereq.: 6.002 or 6.071
U (1, 2) LAS
3-8-1
Introductory experimental laboratory involving
design and construction of electronic analog
and digital circuits. Introduces electrical mea-
suring and display Instrumentation. Studies the
operation and use of modem electronic de-
viss. Independent project on design and con-
struction of a practical electronic circuit.
Project Includes the conceptual design phase,
generation of the circuit schematic and parts
lst, construction and testing of the circuit, and
successful demonstration that original objec-
ives have been met.
C. D. Paton, J. K. Roberge

6.111 Introductory Digital Systems
Laboratory
Prereq.: 6.002 or 6.071
U (1, 2) LAS
3-7-2
Initial lecture format treats combinational logic,
flip flops, counters, timing circuits, synchroni-
zation techniques, finite-state machines, and
the design of more complicated digital sys-
tems using microprogramming techniques.
This material, accompanied by problem sets
and lab exerciss, prepares students for the
conception, design, and implementation of a
complicated digital systems project of their
choice: e.g., games, music, microcomputers,
digital filters, bit-mapped displays, graphics.
Enrollment limited to 250.
D. E. Troxel, T. F. Knight, Jr.

6.114 Reel-Tne Computng and Conrl
La"
Prereq.: 6.001, 6.032 or 6.004
U (1, 2)
3-7-2

Effective use of mini- and micro-computer sys-
tems In laboratory and on-line applications.
Sofltwre development using a combination of
high-level and assemby language to achleve
performance consistent with real-time needs.
Input-output programming, Interrupt systems,
direct memory access (DMA), high-speed data
acquisition, mult-tasking. Laboratory exercises
Involve open and closed loop control of phys-
ical devices, interactive graphics, and data
acquisition.
F. F. Lee, B. R. Musicus

6A116 Mlorocomputer Project Laboratory
Prereq.: 6.111
U (1)
3-7-2
Explores the use of microprocessors as ele-
ments In larger systems. Lectures cover mi-
croprocessor architectures and assembly
languages, LSI peripheral devices, Interfacing
single-chip and special purpose microcompu-
ters, design and debugging side, communloa-
tion strategies, and multiprocessor systems.
Exercises: assembly language Interrupts and
timing, digital signal processing, microcon-
troller networks. Major project: the design,
construction, programming, and testing of a
system using microprocessors as processing
elements. Limited enrollment.
R. D. Thornton

6.121J Sloelectronlc Project Laboratory
(Now
(Same subject as HST 575J)
Prereq.: 6.002 or 6,071
U (2)
2-8-2

Project Laboratory In electronic Instrumenta-
tion interfacing the analog and digital world.
Students specify design, implement and evalu-
ate biomedical instruments Including several
interrelated analog and digital subsystems.
Extensive use of Integrated analog circuits and
a microprocessor. Classroom development of
analytic models for complex functional compo-
nents and the measurement process In the
context of a longitudinal laboratory project.
Written report and oral presentation after com-
pletion of project.
S. K. Bums, R. G. Mark

6,141 Energy and Electromechanical
Systems Project Laboratory
Prereq.: 0.012 or 6.013
U (1, 2) LAS
0-10-2

Independent laboratory work Involving electro-
mechanical systems, power electronics, high
voltage systems, rotating electric machinery,
bloelectromechanics, energy systems, and
control. Student's choice of project, either from
a list of suggested topics or developed by Stu-
dent in conjunction with Instructor.
S. D. Umans
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Prersq.: 6.001, 6.003
U (2)
2-7-3
Microcomputer-based control system labore-
tory. Lectures: analysis and design of
sampled-data control systems, microcomputer-
based control system Implementation, end dy-
namic system control ob-ecu. Laboratory
experiments and term project on design and
hardware/software Implementation of micro-
onputer-based control systems. Typical proj-
ets: control of so and do motors, power
electronic circuits, and magnetic levitators.
Umited to 25.
J. H. Lang, L. A. Gould, R. D. Thomlon

6.151 semiconductor DevIces Project:
Laboratory
Prereq.: 6.701J or 6.15W
U (1, 2) LAB
0-12-0
Student use of facilities of the Microelectronics
Laboratory for individual or team projects In
the area of design, fabrication, modeling and
characterization of Individual MOS or bipolar
devices and of integrated circuits using these
devices. Each term, the project topics are se-
lected to fit the general areas of development
in the Laboratory. Enrollment limited.
R. T. Howe, D. J. Edell, L. R. Rlf,
C. G. Sodini

6.161 Modern Optice Project Laboratory
Prereq.: 6.013, 8.003
U (1) LAB
2--2
Lectures, laboratory exercises, and projects In
modem optics. Topics: polarization properties
of light, reflection and refraction, coherence
and interference, Fraunhofer and Fresnel dif-
fraction, Imaging and transforming properties
of lenses, spatial flitering, coherent optical pro-
oessors, holography, optical properties of ma-
terials, lasers, nonlinear optics, electrooptic
and acoustooptic materials and devices, opti-
cal detectors, fiber optics and optical commu-
nication. Senlors may use this laboratory to
find a thesis.
C. Warde

&. lIage ranemdiseon Wstesn Priet
Laoratoy
Prereq.: 6.012
U (1, 2) LAS
0-12-0
Students use facilties of the Image Process-
ing Laboratory of the Cognitive information
Processing Group In RLE for projects related
to picture transmission or reproduction sys-
tems. Facilities available for computer simula-
tion studies as well as hardware projects.
Possible topics: Image enhancement and
compression; implementation of image pro-
oessing algorithms In hardware; optical, me-
chanical, or electronic development of '
scanners; Image processing software develop-
ment; development of apparatus for study or
demonstration In visual psychophysics.
W. F. Schreiber

6.163 strobe Project Laboratory
Prereq.: -
U (1, 2) LAB
2-8-2
A project laboratory for experiments, involved
mainly with the characteristics of electronic
flash sources of light and their applications to
photography and to measurement problems. A
program of experimentation concerned with
electronic flash, organized with each group of
students at the start of the term. Permission of
Instructor required.
H. E. Edgeron, C. E. Miller

6.170 Laboratory In Software Engineering
Prereq.: 6.001
U (1, 2)
3-6-3
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 abstractions;
specifications; top down design, Implementa-
tion and testing. Several programming projects
of varying size undertaken by students work-
ing singly and in groups.
J. V. Gultag, B. H. Llskov

6.162 Psycmooustics Project Laboratory
Prereq.: -
U (2) LAB Not to be ofNeed 196746
3-4-5
Introduces the methods used to measure hu-
man auditory abilities. Discusses auditory
function, principles of peychoacustic mea-
surement, models for peychoacoustic perfor-
mance and experimental techniques. Project
topics: absolute and differential auditory sensi-
tivity, operating characteristics of human ob-
servers, span of absolute judgment, adaptive
measurement procedures, scaling sensory
magnitudes, etc. Oral presentation and written
report. Knowledge of probability helpful. Alter-
nate years.
L. D. Bralds, N. I. Durlach

ego

Advanced Undergraduate
Subjects and Graduate
Subjects by Area

Systems Science and Control
Engineering
6.201 introduction to Dynamic Systems
Prereq.: 6.003
U (1)
3-0-9

Introduces modem system theory, with appli-
cations to control, signal processing, related
areas. Topics: Unear equations; least-norm
and recursive least-square-error solutions.
State space models of discrete- and continu-
ous-time mult-Input-output systems. Unear
time-Invariant systems: controllablity, observa-
bitty, modes, minimality, transfer function mat-
rioes, compensators, state feedback, optimal
regulation, observers, frequency domain de-
sign. Introductory Ideas on nonlinear systems
and optimal control.
0. C. Verghee, S. K Mier

6.231 Dynamic Programming and
Stochaestic Control (A)
Prereq.: 6.041 or 18.313 or 18.440
G (2)
3-0-9

Introduces sequential decision making via dy-
namic programming. Unified approach to optil-
mal control of stochastic dynamic systems and
Markovian decision problems. Applications
from control te and operations research
Include linear-quadratic problems, Inventory
control, and resource allocation models. Opd-
mal decision making under perfect and Imper-
fect state Information. Certainty equivalent and
open locp-feedback control, el-tuning con-
trollers. Ininite horizon problems, sucesie
approximation, policy Iteration.
0. . Berteeka

6.233J Multivariable Control Systems I (A)
(Same '%ubject as 2.154J, 10.28J, 13.47J,
16.341J)
Prereq.: 2.14 or 6.302 or 10.35 or 16.30
G (1)
40-8
Integrated state-space and frequency domain
description of linear muitivariable feedback
control systems based on models of physical
processes. Stability, robustness and perfor-
mance specifications via singular values. Mul-
tivariable system analysis; stability,
controllability, observability, poles and zeros,
model propertles. Closed-loop stability, muid-
variable Nyquist criterion, and singular-value
based robustness tests. Impact of unstable
poles, nonminimum-phase zeros, and tme-de-
lays. Computer-sided homework.
M. Athens, J. K. Hedick, G. Stephanopouko,
M.S. Trantaiyllou, B. K. Walker



Electrical Engineering and Computer Science

6.234J Multivariable Control
System N (A)
(Same subject as 2.155J, 10.29J, 13.48J,
16.342J)
Proq.: 6.233J
4(2)
4-041

Computer-aided design methodologies for
synthesis of multivariable feedback control
systems. Performance and robustness trade-
offs. Model-based compensators; separation
properties. Unear-quadratic and Kalman filter
designs. Integral control and other dynamic
augmentation. Linear-quadratic-gaussian coim-
pensators with loop transfer recovery. Other
design methodologies. Model and compensa-
tor simplification. Nonlinear effects. Computer-
aided design homework using models of phys-
icall processes.
M. Athans, J. K. Hedrick, G. Stephanopoulo,
M. S. Trlantafyllou, L. Valavanl

6.236 Dynamics, Estimation and Control of
Electrical Machine Systems (A)
(New)
Prsreq.: 6.201 or 6.233J
G (2) Next offered 1987-8
3-0-9

Control theory approach, aimed at robotics,
traction and similar applications. Dynamic
models for electrical machines and power
electronic circuits; transformations; time-invar-
lant, periodically varying and sampled data
models. Time and frequency scale decomposi-
tion. State-space averaging. Lyapunov stablity
methods; instability phenomena. Parameter
estimation; (adaptive) state observers. Linear
and nonlinear state feedback; field-oriented
and sliding-mode control; adaptive and optimal
control. Implementation. Atemate years.
J. H. Lang, G. C. Verghese

6.241 Dynamic Systems (A)

Prereq.: 6.003, 18.06
G (1)
3-0-9

Graduate introduction to modem system the-
ory. Meets with 6.201, but requires completion
of additional or altemative readings, problems,
and tests.
G. C. Verghese, S. K. MtWer

6.242 Theory of Linear Systems (A)
Prerq.: 18.06, 6.241 or 6.230 or 6.201 or
6.233J
G (2)
3-0-9
Introduces; concepts and methods underlyng
current resarch. State space and frequency
domain approaches to structure, behavior,
control of linear systems. Canonical forms,
standard forms and numerical computations.
Realization theory; Grammians, balanced real-
izations, model reduction. Geometric theory-
controlled, conditionally and almost invariant
subspaces. Polynomial matrix descriptions,
system equivalence; transfer matrices, multi-
variable poles and zeros; coprime factorize-
tions. Compensator parametrizaton: H'
optimization.
S. K. Mttn, G. C. Vevghese, B. C. Levy

6.243 Theory of Nonlineer System. (A)
Prereq.: 18.100, 18.06, 6.241 or 6.230 or
6.201 or 6.233J
G (1) Not to be oflered 1967-4
3-0-9

introduces nonlinear dynamical systems with
emphasis on stability theory. Solvability of
nonlinear equations. Dynamical systems in in-
put/output and in state space form. Feedback
systems. Input/output stability concepts. Sta-
bility criteria based on the small loop-gain
theorem and on passivity conditions. Circle
criterion, Popov's criterion and other fro-
quency-domain stability criteria. Lyapunov sta-
bility theory. Dissipative systems. Stochastic
dynamical systems and stochastic stability. Al-
temate years.
S. K. Miltter

6.261J Introduction to Mathematical
Programming (A)
(Same subject as 15.081J)
Prereq.: 18S.06
G (1, 2)
3-0-9

A first subject in mathematical optimization
emphasizing both methodology and the under-
lying mathematical structures. Covers linear
programming and related topics: the simplex
method, duality theory, sensitivity analysis,
network flow algorithms, decomposition, Inte-
ger programming, and polyhedral geometry.
R. G. Galleger, J. B. OIn

6.262J Nonlinear Programming (A)

(Same subject as 15.084J)
Prereq.: 18.06, 18.100
S(2)

3-0-9
A unified analytical and computational ap-
proach to nonilnear optimization problems.
Unconstrained optimization methods include
gradient, conjugate direction, Newton, and
quasi-Newton methods. Constrained optimiza-
tion methods include feasible directions, pro-
jection and Lagrange multiplier methods.
Convex analysis, Lagranglan relaxation, non-
differentiable optimization and applications in
Integer programming. Comprehensive treat-
ment of duality theory. Applications drawn
from control, communications, power systems,
and resource allocation problems.
D. P. Berteekas, J. F. Shapiro

6.262 Markov Models and Their
Applications (A)

Prereq.: 1.07 or 6.041 or 6.431 or 18.313
G (1)
3-0-9

Formulation and analysis of dynamic probabi-
listic models, emphasizing Markov processes
and their extensions. Linear systems theory
applied to discrete state, discrete and continu-
ous time, stationary and nonstationary, Markov
and seml-Markov processes. Dynamic pro-
gramming and its application to the control of
Markov systems. Partially observable Markov
processes. Applications in societal and engi-
nearing systems: population growth, social
mobility, systems reliability and maintenance,
and congestion processes In communication
networks.
R. C. Larson, A. W Drake

6.263 Data-Communloation Networks (A)
Prereq.: 6.041 or 18.313
G (1)
3-0-9

Modeling of the control processes in computer
and data communication networks. Develops
and utilizes elementary concepts from
queusing theory, algorithms, linear and nonlin-
ear programming to study the problems of line
and network protocols, distributed algorithms,
quasi-etatic and dynamic routing, congestion
control, deadlock prevention, local networks,
and radio and satellite multi-access schemes.
D. P. Betseakas

6.264 Gususing Theory with
Applications (A)

Prereq.: 6.262 or 6.432 or 15.973J or 18.445J
G (2) Next offered 1-6746
3-0-9

Introduces analysis of queueing systems, with
applications in communications, computers,
manufacturing, transportation and urban sys-
tems. Material presented varies, depending
partly on student Interests. Typical topics: sim-
ple Markovian queues, networks of queues,
general (non-Markovian) single and multiple
server queues, priority queues, bounds and
approximations. Current research opportunities
discussed. Alternate years.
P. A. Humblet, R. C. Larson

6.271 introduction to Operations
Remrch
Prereq.: Permission of Instructor
G (1)
3-0-9

6.272 Introduction to Operations
Research
Prereq.: 6.271
G (2)
3-0-9

A two-term introduction to important tech-
niques and problem formulations of opetations
research. Homework exercises with user-
friendly, on-line computer programs. Empha-
sizes overall approach rather than mathemati-
cal theory. Topics: linear programming models
and methods, network analysis, optimal se-
quential decision making, decision analysis,
Markov models, queueing models, inventory
theory, and simulation. Case studies devel-
oped on the computer.
R. C. Larson

6.281J Logistical and Transportation
Planning Methods (A)

(Same subject as 1.203J, 11.526J, 13.665J,
15.078J, 16.76J, TPP 43J)
Prereq.: 6.431, 15.075
G (1)
3-0-9
See description under subject 1.203J.
R. C. Larson, A. L. Bameft, A. R. Odoni,
H. N. Pwaraffis
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6,291 SemInar In Systems, 6,312 Acoustice
Communications, and Control Research (A) Prereq.: 6.002
Prereq.: Permission of Instructor U (1)
G (1, 2) 3-1-8
3-0-9

A seminar dealing with advanced topics In
systems, communications, and control. Se-
lected topics according to student and Instruc-
tor Interest. See instructor for specific topics to
be offered in a particular term.
S, K. Mitter

Electronics, Computers, and
Systems

6.301 Solid State Circuits

Prereq.: 6.012
U (1)
3-3-6

Analysis and design of transistor circuits,
based directly on the semiconductor physics
and transistor circuit models developed in
6.012. Hl6h-frequency and low-frequency de-
sign calculations of multistage transistor cir-
cuits using a computer. Trans-linear circuits.
The charge-control model. Introduction to op-
erational-amplifIer design and application.
Some previous laboratory experience
assumed.
J. K Roberge

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.
Root locus method. Nyquist criterion. Fre-
quency-domain design. Compensation tech-
niques. Sampled-data feedback systems.
Application to electronic, electromechanical,
and other physical systems. Some previous
laboratory experience with electronic systems
Is assumed.
L. A. Gould

6.311 Telephony

Prereq.: 6.002 or 6.071 or 6.101
U (2)
2-0-4

Reviews current telephone technology. Exam-
Ines 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. Bums

Sound generation and propagation In elastic
media. Simple sorces 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 electro-
acoustical devices such as microphones and
loudspeakers. Sound In rooms. Interaction of
sound and humans.
A. G. Bon..

6.313 Contemporary Computer Oesign
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 de-
sign; datatyping, hardware support for garbage
collection; MIMD/SIMD parallel computers; In-
terprocessor communications technologies.
T. F. Knight, Jr.

6.331 Advanced Circuit Techniques (A)

Prdreq.: 6.301, 6.302
G (1) Next offered 1987-8
3-2-7

Following a brief classroom discussion of rele-
vant 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 ana -to-digital converters, and
power amplifiers. One of each student's de-
signs may be presented to the class, and one
may be built and evaluated. Associated labo-
ratory emphasizing the use of modem analog
building blocks. Enrollment limited. Permission
of instructor required. Altemate years.
J. K. Roberge

6.332 Advanced Instrumentation
Electronics (A)

Prereq.: 6.003
G (1) Next offered 196748
3-0-9

Theory and practice of electronic transduction,
circuits, and systems in modem Instrumenta-
tion, with critical review of aiternative imple-
mentations and engineering compromise.
Emphasizes analog and pulee-signal process-
ing as opposed to purely digital techniques.
Topics: representations of signals, noise, and
linear systems, time-varying linear systems,
nonlinear waveform processing. Discusses
feedback, pulse and timing circuits, digital-
analog interfaces and microprocessor-
controlled signal processors.
S. K. Bums
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6.333 Electronic CIrcuits (A)
Prereq.: 6.003
G (2)
3-0-9

Theory, analysis, and design of linear and
nonlinear electronic circuits emphasizing the
use of computers to solve symbolic and nu-
merical circuit problems. Topics: network rep-
resentations and transformations; relations
between time, frequency, and circuit domains;
computer simulation; basic limitations and op-
timal design. Examples: amplifiers; oscillators;
switching circuits; VLSI; feedback; circuit ana-
logs for electromechanical systems.
R. 0. Thornton

6.334 Power ElectronIce (A)

Prereq.: 6.012, 6.013
G (2)
3-0-9

The application of electronics to energy con-
version and control. Electrical and thermal
characteristics of power semiconductor de-
vices - diodes, bipolar and field effect tran-
sistors, and thyristors. Magnetic circuits. Active
and passive filtering techniques. Emphasizes
device limitations, circuit techniques,
computer-aided analysis and design, and sys-
tem control. Application examples Include con-
trolled rectifiers, high-frequency inverters, do-
do conversion, motor drives, and battery elec-
tronics. Assumes background in elementary
device physics.
J. G. Kassaklan

6.335 Fundsmental Theory of Nonlinear
Networks (A)

Prereq.: 6.003, 6.201 or 6.230 or 6.241 or
6.333 or 18.06
G (2) Next offered 1967-68
3-0-9

Network topology: graph theory, Tellegn'
theorem, colored arc lemma, applications. Al-
gebraic n-ports. Circuit properties: passvty,
loeslessness, reciprocity, monotonicity. Resis-
tive networks: uniqueness, no-gain, sensitivity
and extremum principles. Dynamic networks:
modified nodal analysis, state equations, Lye-
punov stability, Brayton-Moser theory. Current
topics and applications. Alternate years.
J. L. Wyatt, Jr.

6.336 Simulation of Large-Scale Circuits (A)
Prereq.: 6.003, 6.201 or 6.230 or 6.241 or
6.333 or 18.06
G (1) Not to be ofered 198748
3-0-9

Formulation of network equations via nodal,
modified nodal, and tableau analysis. Iterative
methods for nonlinear algebraic equations.
Numerical solutions of differential equations
via forward Euler, backward Euler, trapezoidal,
predicltor-corrector, and Gear algorithms. Prac-
tical speed-up methods for circuit simulation:
macromodeling, exploiting sparsity, and Ia-
tsncy. Waveform relaxation. Approximate
models and methods for timing analysis of
digital VLSI circuits. Alternate years.
J. L. Wyatt, Jr.
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6.341 DIgital Processing of Signale (A)
Prdreq.: 6.003, 18.075 or 18.04
G (1, 2)
4-0-8

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 (11R) and nonrecursive (FIR) systems. Fi-
nite wordlength effects. Additional topics may
Include homomorphic signal processing, Hil-
bert transforms, parametric signal modeling,
power spectrum estimation, and applications
to speech and Image processing.
A. V. Oppenhelm

6.343 DigItal Speech Processing (A)
Prereq.: 6.341
0 (2) Not to be offered 196746
4-0-8

Applications of digital techniques to the pro-
cessing of speech signals. Time- and fre-
quency-domain models for speech processing.
Speech analysis techniques, IncludIng homo-
morphic, linear prediction, and short-time
Fourier analyses. Principles of speech band-
width compression, speech synthesis, and
speech recognition. Survey of applications In
the area of human-machine communication,
Including voice-response systems and speech
recognition systems. Altemate years.
V. W Zue

6.344 Multidimensional Signal
Processing (A)
Prereq.: 6.34 1
G0(2) Next offered 106788
3-0-9

Representation, analysis, and design of multi-
dimensional signals and systems. Multidimen-
sional Fourier transform, z-transform, discrete
Fourier transform, and fast Fourier transform
algorithms. Multidimensional filter design and
Implementation. One-dimensional and multi-
dimensional spectral estimation. Array pro-
ceasing. Image enhancement and restoration.
Image coding. Altemate years.
J. S. Um

6.346 Architectures for Digital Signal
Processing (A)
(New)
Prereq.: 6.341, 6.823
0 (1)
3-0-9

Interrelationships between algorithm design
and special purpose computer architectures
for digital signal processing. High performance
computers. Linear algebra algorithms and ma-
chines. Filter, Convolution and Fast Transform
architectures. Compilation of algorithms into
architectures. Image processing and local
neighborhood operators. Transactions oriented
signal processing. Term paper or project
required.
B. R. Musicus

6.381 Image Processing (A)
Prereq.: 6.003
G (1)
3-0-9

Optical, electroopical, electronic, and com-
puter Image processing techniques with appli-
cations to Image restoration, quality
Improvement, and efficient coding for storage
or transmission. Mathematical description of
Images. Relevant properties of human vision.
Measures of quality. Scanning, sampling, and
quantization. Fourier analysis and linear spa-
tial filtering. Nonlinear processing. The half-
tone process. Technology of facsimile,
television, and printing systems. Color. Term
paper or project required.
W F. Schreiber

6.371 Introduction to VLSI Systems (A)

Prereq.: Permission of Instructor
G (1, 2)
3-3-6

Provides background in Integrated devices,
circuits, and digital subsystems needed for de-
sign and Implementation of Integrated sys-
tems. Design methodology, use of ratioed
design rules and library modules, symbolic
layout languages, computer-aided design
techniques. 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
enrollment.
J. Allen

6.372 Design and Analysis of VLSI
Circuits (A)

Prereq.: 6.012, 6.371 o; 6.721
G (2)

Design and analysis of digital MOS VLSI cir-
cults. Topics: methodology design; device and
Interconnect physics; noise and tolerancing;
noise margins; worst-case design; logic-gate
dynamics; delay optimization; specialized cir-
cult forms; clocking; VLSI micro-architecture.
Emphasizes analytical and CAD techniques
for high-performance circuit design. Limited
enrollment.
L. A. Glasser

Probabilistic Systems and
Communication

6.431 Applied Probability

Prereq.: 18.02
G (1, 2)
4-0-8

Meets with 6.041. Requires the completion of
additional idvanced home problems.
A. W Drake

6.432 Stochastle Processes and
Appilotions (A)
Prereq.: 6.003, 6.041 or 6.431 or 18.313
G(1,2)
4-0-

Basic graduate subject in stochastic processes
and applications. Intended primarily for stu-
dents interested In communication, control, or
operations research, but also an appropriate
foundation for study of stochastic phenomena
In signal processing and biomedical engineer-
ing. Applications covered Include: hypothesis
testing, parameter estimation, dIscrete-time
Kalman filter, stochastic processes In linear
systems, and queueing processes. Stochastic
process theory is developed In sufficient depth
to permit thorough treatment of these
applications.
J. H. Shapiro

6.435 System Identifloation (A)
Prereq.: 6.003, 6.041 or 6.431 or 18.313
0(1) Next offered 1067-8
3-0-9
Determination of valid mathematical models
for physical and social systems using oiserva-
tions of their behavior. Different philosophies
of modeling; state space, time series. Multiple
input-output, nonlinear, and time varying Sys-
tems. Parameter estimation algodthms: full In-
formation maximum likelihood, least squares.
Parameter identifiability. Model validation; sta-
tistical hypothesis testing, reasonability. Bad
data-anomaly detection, robust estimation.
Discussion of available software packages.
Alternate years.
F. C. Schweppe

6.441 Transmission of Information (A)

Prereq.: 6.041 or 6.431 or 6.432 or 18.313
G0(2)
3-0-9
Introduces the quantitative study of Information
with emphasis on concepts fundamental to the
engineering of reliable, efficient communica-
tion systems. Mathematical definition of Infor-
mation and study of its properties; efficient
representation of message sources; communi-
cation channels and their capacity; coding for
reliable transmission of data over noisy chan-
nels. Additional topics of Interest such as rep-
resenting data and control information In data
communication networks are Included.
R. G. Gallager

6.451 Principles of Communication (A)
Prereq.: 6.003, 6.041 or 18.313
G (1)
3-0-9

Fundamental principles underlying the trans-
mission of digital data over noisy channels.
Mathematical description of signals and noise.
Digital modulation and signal design. Decision
regions and optimum receivers. Intersymbol
Interference. Introduction to channel capacity
and error-free communication over noisy
channels. Elements of block and convolutional
coding. Topics of current Interest.
P. A. Humblet
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6.452 Stochastic Filtering and Detection (A) Bloelectrical Engineering
Prereq.: 6.201 or 6.233J or 6.241, 6.432
G (2)
3-0-9

A unified approach to the areas of filtering, us-
tection, and system identification. Detection of
known and stochastic signals In Gaussian and
Poisson noise. Linear filtering, Wiener and
Kalman filters, parameter Identification. Nonlin-
ear filtering for signals in Gaussian noise and
point process observations. Applications to
areas such as control, communications, radar,
sonar, optical communications, and computer
networks.
A. 8. Baggeroer, S. K. Mhter

6.453 Optical Detection and
Communication (A)
Prereq.: 6.041, 6.014
G (2) Next offered 198748
3-0-9

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 de-
tection systems. Application of noise analysis
to free-space, atmospheric, and fiber optic
communications. Application of noise analysis
to optical detection for phase-sensing interfer-
ometers, photon correlation instruments, and
optical radars. Alternate years.
J. H. Shapiro

6.414 Advanced Topics In Optical
Communication Research (A)
Prereq.: Permission of Instructor
G3(1) Not to be offered 1667-66
3-0-9

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. Topic for 1986-87: Squeezed states of
light. Term paper required. Alternate years.
J. H. Shapiro

6.451J Geophysical and Oceanographic
Signal Processing I (A)
(Same subject as 13.741J)
Prereq.: 2.02 or 6.003, 6.041, 18.075
G (1) Not to be offered 1987-66
3-0-9

See description under subject 13.741J.
A. B. Baggeroer, P. N. Mikhalevsky,
(Woods Hole Staff): R. C. Spindel

6.456J Geophysical and Oceanographic
Signal Processing 11 (A)

(Same subject as 12.534J, 13.742J)
Prereq.: 6.341 or 12.761 or 13.741J or 12.713
G (2) Next offered 1987-66
3-1-8

See description under subject 12.534J.
A. B. Baggeroer, G. L. Duckworth

6.501 Sound, Speech, Hearing
Prereq.: 6.003
U (1) Next of 1967-6
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 speechike sounds, and the lin-
guistic units that underle speech events. Dis-
orders of human communication. Alternate
years.
K. N. Stevens, L. D. Bralda

6.523J Computers and Patient Care

(Same subject as HST 550J)
Prereq.: -
G (2)
2-0-4

See description under subject HST 5504.
'. 0. Bamet

6.524J General Physiology

(Sdme subject as 7.51J)
Prereq.: -
U (2) SD
3-0-9

See description under subject 7.51J.
J. Y. Lettvin

6.532J Sensory-Neural Systems (A)
(Same subject as 16.352J)
Prereq.: Permission of instructor
G (1) Next offered 1987-88
3-0-9

Detailed consideration of a number of sen-
sory-neural systems with respect to anatomy,
physiology, and mode of operation. Reading of
relevant papers and critical discussion of the
methods and results described. Topics se-
lected on the basis of their current research
interest, with emphasis on systems in which
physical Input and sensory cell neuron output
can be quantitatively related. Examples from
vertebrate and invertebrate species including
mechanical, visual, and other modalities. Alter-
nate years.
L. S. Frishkopf, C. M. Oman

6.541, Speech Communication (A)
(Same subject as 24.968J)
Prereq.: Permission of instructor
G (2) Not to be offered 1907-66
3-0-9

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 tor perceptual correlates of phonetic
categories. Mechanical recognition and gener-
ation of speech. Recommended prerequisite:
mathematical background equivalent to 6.003.
Alternate years.
K. N. Stevens, S. J. Keyser

6.542J Laboratory on the Physiology,
Acoustics, and Peroeption of Speech (A)
(Same subject as 24.966J)
Prereq.: Permission of Instructor
G (1) Not to be offred 1967-4
2-2-8
Experimental investigations of spisch pro-
ceases. Topics: a) Interpretation of x-ray mo-
tion pictures, b) measurements of pressure
and volume velocity, c) computer-aided wave-
form analysis and spectral analysis of speech,
d) synthesis of speech, 9) identification and
discrimination of speech-like sounds, and
other topics. Recommended prerequisites:
6.501, 6.002 or 18.03. Altemate years.
D. H. Kiaft

6.551 Signal Processing by the Auditory
System: Physiology (A)
Prereq.: 6.003, 6.023J
G3(2) Not to be offered 198748
3-0-9
Physiological mechanisms involved in signal
transmission and processing in the normal and
pathological auditory system. Emphasizes the
normal ear and brain stem with some discus-
sion of higher brain levels; current prosthetic
approaches. Background other than listed pre-
requisites may be accepted. Altemate years.
W. T. Peake, T. F. Weiss, N. Y-S. Kiang

6.552 Signal Processing by the Auditory
System: Perception (A)
Prereq.: 6.003, 6.041 or 6.431
G (1) Not to be offered 198748
3-0-9
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. Alternate years.
L. D. Braida, H. S. Co/bum

6;555J Biomedical Signal Processing (A)
(New)
(Same subject as 16.356J, HST 582J)
Prereq.: 6.003
G (2)
3-6-3
See description under HST 582J.
W. . Siebert, B. Delgutte, R. V. Kenyon

6.N1J Fields, Forces, and Flows:
Background for Physiology (A)
(Same subject as HST 544J)
Prereq.: Permission of Instructor
G (1)
3-0-9
Conduction, diffusion, convection in glectro-
lytes; fields in heterogeneous media; electrical
double layers; Maxwell stress tensor and elec-
trical forces in physiological systems. Fluid and
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solid continua: equations of motion useful for
porous, hydrated media. Case studies: mem-
brane transport; electrode Interfaces; electri-
cal, mechanical, and chemical transduction in
tissues; electrophoret, electro-osmoc flows;
diffuslon/reaction; ECG. Electromechanical in-
teractione in blomatedals and cells; examples
from orthopaedic research.
A. J. Grodrinsky

6.662J Ultrasound: Physics, Biophysics,
and Technology (A)
(Same subject as 2.76J, HST 530J)
Prereq.: Permission of Instructor
G (1) Not to be offered 196746
4-1-7

See description under subject 2.76J.
F. R. Morgenthaler, P. P. Lele

6.666J Blomedical Measurements (A)
(Now)

(Same subject as HST 585J)
Prereq.: Permission of instructor
G (1)
3-3-

See description under subject HST 585J
D. J. Edell, J. C. Weaver, R. S. Newbower

Electrodynamics

6.601 Fields, Forces, and Motion

Prereq.: 6.013
U (1)
3-0-9

Electromechanical Interactions in lumped-pa.
rameter and continuum systems. Integral and
differential electromagnetic laws, including
motion. Lumped electrical and mechanical ele-
ments: thermodynamics of discrete electro-
mechanical coupling, equations of motion.
Synchronous and Induction rotating machines.
inear and nonlinear transducers, transient
and steady-state dynamics; electromechanical
time constants. Field transformations, dc rotat-
ing machines, magnetic diffusion and charge
relaxation in moving conductors. Electromag-
notic force densities and stress tensors.
J. H. Lang

6.611 Introduction to Optical Electronics

Prereq.: 6.013, 6.003
U (2)
3-0-9

Introduces Fourier optics. Spatial and temporal
coherence of lasers and applications made
possible by coherence. Characteristics of opti-
cal system components: propagation media,
resonators, fiber guides; detectors and their
signal-to-noise ratios; laser media, types and
properties; modulation techniques. Discusses
specific applications.
J. H. Shapiro

6.631 Optics and Optical Eleotronios (A)
Prereq.: 6.014 or 8.07
a(1)
3-0-9

A first-year graduate subject on fundamental
concepts and techniques of modem optics and
quantum electronics. Review of Maxwell's
equations and the vector properties of light.
interference and Interferorneters. Temporal
and spatial coherence. Scalar diffraction the-
ory. Propagation of spherical and Gaussian-
spherical beams. Thin film and "fiber" wave-
guides. Device applications of electro-optic ef-
fect and nonlinear optics,
H. A. Haus, S. Ezekiel

6.632 Electromagnetic Wave Theory (A)
Prsreq.:.6.014 or 8.03
G (1)
3-0-9

A first-year graduate subject on electromag-
netic field theory emphasizing mathematical
approaches, problem solving, and physical
Interpretation. Examples deal with propaga-
tion, guidance, resonance, radiation, and scat-
tering of electromagnetic waves.
J. A. Kong

6.633 Eleatrodynamics of Waves, Media,
and Interactions (A)

Prereq.: 6.014, 18.075 or 18.04
G (2) Not to be offered 1967-6
3-0-9

Intended for first-year graduate students and
seniors whose Interest Is in the Interaction of
electromagnetic fields with charged particles,
plasmas, and continuous media. Wave propa-
gation In media with temporal and spatial dis-
persion. General stability criteria and
techniques for identifying and classifying
wave-type instabilities. Energy, momentum,
and their flow associated with small-amplitude
wave propagation in passive and active me-
dia. Linear and nonlinear coupling of modes in
stable and unstable systems. Altemate years.
A. Bers

6.634 Nonlinear Optics (A)

Prereq.: 6.014 or 8.07
G (2)
3-0-9

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 pulse generation and measure-
ment techniques.
E. P Ippen

6.636 Topics In Electrodynamlos (A)

Prereq.: 6.014 or 6.632 or 8.07
G (2)
3-0-9

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,
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

6.637 Optical Information Processing (A)

Prereq.: 6.003, 6.014
G (2)
3-0-9

Systems, devices, algorithms and applications
for optical Information processing. Topics: co-
herent and Incoherent optical processors;
space-and-time-integrating correlators; space-
variant processors; white-light processors; dig-
ital optical processors; matrix-algebra proces-
sors: symbolic optical processors with
applications to artificial Intelligence; optical in-
terconnects; adaptive optics; acoustooptic,
electrooptic and photorefractive spatial light
modulators; limitations of optical computers.
C. Warde
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6.638 Electrical and Optical Processes
In Gases (A)
Prereq.: 8.03, 8.211
0 (2) Next offered 1917-611
3-0-9

Basic processes In plasmas, lasers, and elec-
trical Insulation. Collisions Involving particles
and radiation fields Including classical and
quantum effects. Collective particle behavior,
mobility, diffusion, and distribution functions
with Max-Boltzmann, Druyvesteyn, and Fok-
ker-Planck approximations. Analysis of surface
effects, charge multiplication, breakdown, exci-
tation and inversion mechanisms, and plasma
properties. Applications in diagnostics, lasers,
plasma etching and processing, switches, die-
lectrics, and Ion sources. Alternate years.
C. M. Cooke

6.641 Microwave Circuits (A)
(Revised Unit)

Prereq.: 6.014
G (2) Next offered 1967-88
3-0-9
Electromagnetic wave propagation on uniform
and periodic structures, wavegulde, stripline,
and microstrip. Equivalent circuit representa-
tions for apertures and obstacles. Multiport
junctions. Non-reciprocal ferrite devices. Cav-
ity resonators. Filters. Perturbation theory. Mi-
crowave FET's and IMPATT diodes,
monolithic microwave integrated circuits. Alter-
nate years.
H. A. Haus

6.642 Antennas and Radiation (A)

Prereq.: 6.014
G(2) Not to be offered 1987-88
3-0-9
General theory of radiation and its application
to the analysis of representative types of an-
tennas; emphasizes the design of antenna ar-
rays, microwave reflectors, and lenses.
Alternate years.
J. A. Kong, F. R. Morgenthaler

6.66iJ Introduction to Plasma Physics I (A)

(Same subject as 8.613J, 22.611J)
Prereq.: 6.014 or 8.07, 6.018 or 8.08, 18.04 or
18.075
G (1)
3-0-9

See description under subject 8.613J.
A. Sr, K. MovIg, M. Porkolab

6.662J Introduction to Plasma
Physics 11 (A)

(Same subject as 8.614J, 22.612J)
Prereq.: 6.651J or 8.613J or 22.611J, 18.076
G (2)
3-0-9

See description under subject 22.612J.
A. Bers, R. C. Davidson, K. Molvig, J. P.
Freldberg

6,668J MHD Theory of Magnetic Fusion
Systems I (A)
(Same subject as 22.615J)
Prereq.: 6.651J or 22.611J or 8.613J
G (1)
3-0-9

See description under subject 22.615J.
R. R. Parker

6.661 Receivers, Antennas, and Signals (A)

Prereq.: 6.014
G (2) Not to be offered 196748
3-0-9

Detection and measurement of radio and opti-
cal signals encountered in communications,
astronomy, and radar. Statistical analysis of
signal processing systems, Including radiome-
ters, spectrometers, interferometers, and digi-
tal correlation systems. Matched filters and
ambiguity functions. Communications channel
performance. Measurement of random electro-
magnetic fields. Angular filtering properties of
antennas, Interferometers, and aperture syn-
thesis systems. Radiative transfer and param-
eter estimation. Alternate years.
D. H. Staeiin

6.602J Radar Astronomy, Astrometry, and
Geodesy (A)

(Same subject as 12.620J)
Prereq.: 6.014 or 8.03, 18.075
G (1) Next offered 196748
3-0-9

See description under subject 12.620J.
D. H. Staeln, G. H. Pettengill, C. C.
Counselman

6.671 Continuum Electromeohanlcs I (A)

Prereq.: 6.013, 6.601 or 2.03J
G (2)
3-0-9

Quasistatic field dynamics. Transfer relations
as an approach to field descriptions. Electro-
magnetic forces, force densities and stress
tensors including magnetization and polariza-
tion. Classification of energy-conversion pro-
cesses. Charge migration and relaxation, and
magnetic diffusion and induction interactions
with material motion. Introduction to electro-
mechanics of continua. Temporal and spatial
modes. Method of characteristics. Varied
applications.
J. R. Melcher

6.672 Continuum ElectromechanIcs 11 (A)

Prereq.: 6.671
G (1) Next offered 1967-8
3-0-9

Laws, approximations, and relations of fluid
mechanics. Mechanical and electromechanical
transfer relations. Statics and dynamics of
electro'mechanical systems having a static
equilibrium. Electromechanical flows. Field
coupling with thermal and molecular diffusion.
Electrokinetics. Streaming interactions. Appil-
cations to materials processing, magnetohy-
drodynamic and electrohydrodynamic pumps
and generators, physiochemical systems, heat
transfer, continuum fuedback control, electron
beam devices, and plasma dynamics. Alter-
nate years.
J. R. Melcher

6.663 OperatIon and Planning of Electric
Power Systems (A)
Prereq.: Permission of Instructor
G (2) Not to be offered 1987-8
3-0-9

Electric power system generation, transmis-
sion distribution at a regional (e.g., New Eng-
land) level. Customer Interaction and
feedback. Integration of diverse physical, eco-
nomic, and social phenomena covering time
frames ranging from seconds to years. Meth-
ods of control, analysis, design, and decision
making for such large-scale systems. Special
consideration of small distributed generation,
rates and load management, and the impact
of microprocessors. Altemate years.
F. C. Schweppe

6.6865 Electric Machines (A)

Prereq.: 6.061 or 6.601
G (2) Not to be offered 1987-8
3-0-9

Treatment of transformers, electromechanical
transducers, rotating and linear electric ma-
chines. Lumped-parameter electromechanics
of interaction. Consideration of the basic ma-
chine types: dc, induction, synchronous. De-
velopment of device characteristics: energy
conversion density, efficiency; and of system
Interaction characteristics: regulation, stability,
controllability, and response. Problems taken
from current research. Altemate years.
J. L. Kirtley, Jr.

Solid-State Materials and DeviCes

6.701J Microelectronics Processing
Technology
(Revised Content and Unit)
(6.150J)
(Same subject as 3.147J, 10.61 1J)
Prereq.: 6.012
U (1, 2)
3-4-5

Introduces the theory and technology of Inte-
grated-circuit fabrication. Lectures and labora-
tory sessions on basic processing techniques
such as diffusion, oxidation, epitaxy, photolith-
ography, chemical vapor deposition, and
plasma etching. Emphasis on the Interrelation-
ships between material properties, device
structure, and the electrical behavior of de-
mces. Provides background for thesis work In
microelectronics or for 6.151.
R. T. Howe, C. G. Sodini, D. J. Edell
D. A. Rudman, C. V. Thompson
H. H. Sawin

6.720 Semiconductor Devices

Prereq.: 6.012
U (1)
4-0-8

The physics, modeling, fabrication, and applil-
cation of selected semiconductor devices. Em-
phasis on devices in integrated circuit
contexts. Introduces use of the energy band
viewpoint. Topics: metal-oxide-semiconductor
(MOS) devices Including charge coupled de-
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vices (CCDs) and MOSFETs; MOS logic and 6.732J Physice of Solids 11 (A)
memory; planar diffused and lateral bipolar Sam 8 J
transistors; bipolar logic Including current In- (rme subje.3 as .530)
jection logic (lL); Schottky barriers, Grereq.: . or 6.731
MESFETs and heterostructures. .4(2)
C. G. Fonstad, Jr., C. 0. Sodn 4-0-

6.721 Contemporary Digital MOS Circuits
Prereq.: 6.032 or 6.004
U (1) Not to be offered 198748
3-0-9
Reviews and elaborates models of MOS tran-
sistors. Discusses scaling effects on device
performance. Overview of organization and
operation of contemporary MOS Integrated cir-
cuits, especially microprocessors and static
and dynamic RAMs. Uses circuit techniques to
optimize speed/power tradeoffs. Systemic In-
fluences on device architectures and circuits.
R. E. Zippel

6.725 Solar Energy Systems
Prereq.: 6.002 or 6.071 or 2.02
U (1) Next offered 1987-88
3-0-9

Examines energy conversion systems, primar-
ily solar. Topics: solar radiation, blackbody
radiation; photovoltaic power generation in-
cluding theory, materials, devices; systems
analysis of solar heating, cooling, and hybrid
electrical-thermal combinations; flat plate col-
lectors, heat mirrors, heat transfer; alternate
energy sources including photochemical, hy-
dro, wind, and tidal power; energy storage
systems. Guest lectures on topics of Intensive
current research. Elementary knowledge of
thermodynamics helpful. Alternate years.
G. W. Pratt, Jr., R. D. Thornton

6.730 Physics for Solid-State
Applications (A)

Prereq.: 6.013
G (1)
4-0-8

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 elec-
tron and tight binding approximations; effective
masses and semiclassical equations of mo-
tion; lattice vibrations and phonons; band
structures and properties of selected semicon-
ductors. Recommended for first-year graduate
students interested in solid state physics and
devices.
T. P. Orlando

6.731J Physics of Solids I (A except Vill)

(Same subject as 8.231J)
Prereq.: 8.04 or 8.211, 6.018
G (1)
4-0-8

See description under subject 8.231J.
R. J. Birgeneau, M. S. Dresselhaus

Second term of solid-state physics presenting
basic concepts of the quantum theory of sol-
ids. Emphasizes simple physical models. Top-
Ice: electronic structures, dynamics of
electrons in solids, Fermi surfaces, transport
phenomena In metals and semiconductors;
optical properties of metals, semiconductors
and Insulators; lattice modes; magnetic phe-
nomena In solids such as paramagnetism, dia-
magnetism, ferromagnetism, resonance
studies in a magnetic field; superconductivity.
M. S. Dresselhaus

6.734J Application of Group Theory to the
Physics of Solids (A)

(Same subject as 8.513J)
Prereq.: 6.731J
G (1) Not to be offered 198748
3-0-9

Group theory techniques: mathematical back-
ground, representation theory, character ta-
bles, basis functions, point groups, space
groups, double groups, time reversal symme-
try. Applications: crystal field structure, selec-
tion rules, directed valence and bonds,
molecular vibrations, group of the wave vector
with application to energy bands, lattice
modes. Alternate years.
M. S. Dresselhaus

6.741J Theory of Solids I (A)

(Same subject as 8.51 1J)
Prereq.: 6.732J
G (1)
3-0-9

See description under subject 8.51 1J.
D. Adler, J. D. Joannopoulos

6.742J Theory of Solids 11 (A)

(Same subject as 8.512J)
Prereq.: 6.741J
G (2)
3-0-9

Second term of a theoretical treatment of the
physics of solids. Semiconductors: survey of
band structures; effective mass theory; effec-
tive g-factor; transport; optical properties. Met-
als: band structures; electron dynamics;
transport; magnetic properties; optical prope-
ties. Many body theory: the random phase ap-
proximation; collective effects in normal
metals; Fermi liquid theory; superconductivity.
J. D. Joannopoulos, D. Adler, P. A. Lee

6.751 Quantum Electronics (A)
Prereq.: 6.731J or 8.05
G (2)
3-0-9

Basic phenomena of quantum electronics in-
cluding development of background quantum
mechanics and optical properties of solids.
Quantization of electromagnetic field and
spontaneous plus stimulated optical transitions
between energy levels. Resonant processes
including electric dipole transitions, absorption
dispersion and saturation. The laser and its

operating characteristics. Rate equations, optil-
cal pumping, 0-switching, and mode looking.
Nonlinear optics. Electrooptical devices, plco-
second switches and pulse generation, optical
logic gates. Fiber optics.
G. W Pratt, Jr.

6.753 Microwave Magnetic. (A)
Prereq.: 6.014 or 6.601
G (2) Next offered 1987-4
3-0-9

introduces the propagation and mutual inter-
action of microwave photons, magnons, and
phonons In ferro-, antiferro- and ferrimagnetic
crystals. Elementary domain theory, Including
magnetic bubbles. Linear and nonlinear effects
associated with magnetic resonance. Propa-
gation of electromagnetic, magnetostatic and
magnetoelastic waves in ferrite-loaded wave-
guides and thin ferrite films; reciprocal and
non-reciprocal microwave circuit elements
such as rotators, isolators, and circulators.
Electromagnetic quantum-mechanical ex-
change and elastic channels of power flow.
Alternate years.
F. R. Morgenthaler

0.762 DielectrIc and Optical Materials and
Devices (A)
Prereq.: 6.013
G (2) Next offered 1967-4
3-0-9

Devices dependent on polarization rather than
transport. Tensor properties and crystal sym-
metry. Nonlinear dielectrics: ferroelectrics,
parametric amplification. Elasticity. Coupled
effects: pyro- and piezo-electricity. Optical
properties: waves in anisotropic crystals; indic-
atrix; electrooptics, photoelasticity, optical
modulators; beam deflectors. Nonlinear optics:
frequency doubling; parametric conversion;
photorefractive effects. Alternate years.
D. J. Epstein

6.763 Applied Superconductivity (A)
Prereq.: 6.013 or 8.07
0 (2) Next offered 1967-N8
3-0-9

Phenomenological approach to superconduc-
tivity surveying large-scale and small-scale
applications. Electrodynamics of supercon-
ductors, London's model, flux quantization.
Type |1 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. Altemate years.
T. P. Orlando

6.771 Physics of Semiconductor
Devices (A)
Prereq.: 6.730, 6.012
G (2)
3-0-9
The physical basis of semiconductor device
operation. Homogeneous and inhomogeneous
semiconductors in equilibrium; electrochemical
potential; generation-recombination mecha-
nisms; Boltzmann transport equation; ambipo-
lar transport, p-n homojunctions and
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heterojunctions; Schottky diodes, MOS capaci-
tors; Gummel approach to bipolar devices; Ze-
nor and avalanche breakdown; high-level
injection; quasi-static behavior of bipolar and
MOS transistor; pnpn devices; CMOS; latchup.
S. D. Sentuda

6.772 integrated Circuit Devices and
Processes (A)
Prereq.: 6.720
G (1)
3-0-9
Silicon Integrated circuit technology. Theory
and practice of IC fabrication and device de-
sign emphasizing their relation to circuit per-
formance. Topics: materials and fabrication
processes; large-signal models for bipolar and
field-effect transistors; components and circuit
building blocks for modem digital ICe; circuit
layout considerations In LSI; computer-aided
analysis and design of processes, devices and
circuits using state-of-the-art simulators.
D. A. Anton/ad/s

6.7 Topics In Semiconductor Device
Reeearch (A)
Prereq.: 6.720, 6.018; or 6.771
G (2) Next offered 1987-66
3-0-9

Topics selected from current device research
areas. In recent years subject matter has in-
cluded Schottky barriers and heterojunctions,
charge coupled devices, surface acoustic
wave devices, diode lasers, Integrated and
guided-wave optical components and circuits,
and ultrahigh-speed transistors, including the
permeable base transistor. Emphasis on de-
vice physics as it relates to device perfor-
mance. Atemate years.
A. L. McWhorter, C. G. Fonstad, Jr.

6.774 Physics of Microelectronic
Fabrication (A)

Prereq.: 6.720, 6.150J
G (1)
3-0-9

Fundamental principles of the processes used
in the fabrication of silicon monolithic inte-
grated circuits. Physical models of bulk crystal
growth, thermal oxidation, solid state diffusion,
ion implantation, epitaxial deposition, chemical
vapor deposition, and thin film deposition. Re-
fractory metal silicides, plasma and reactive
Ion etching, laser/electron beam processing.
Technological limitations on integrated circuit
design and fabrication. VLSI fundamentals.
L. R. Reif

6.775 Design of Analog MOS LSI (A)

Prereq.: 6.301
G (2)
3-0-9

A detailed exposition of the principles involved
in designing analog circuits in MOS LSI. De-
vice 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, PCM
encoders and decoders; other signal process-
ing circuits. A comprehensive design project is
a required part of the subject.
C. G. Sodni, H. S. Lee

6.776J Plasma Processing In Integrated
Circuit Fabrication (A)

(Same subject as 10.616J)
Prereq.: Permission of Instructor
G (2) Not to be offered 1987-66
3-0-9

Studies glow discharge properties and pro-
ceases as applied to Integrated circuit fabrica-
tion. The physics and chemistry of
nonequilibrium plasmas. Emphasizes the
plasma kinetics and plasma-surface Interac-
tions. Extensively reviews plasma etching pro-
oesses, sputter deposition, and plasma

enhanced chemical vapor deposition for the
fabrication of VLSI devices. Altemate years.
L. R. Relf, H. H. Sawin

6.781 Submicrometer Structures
Technology (A)
Prereq.: -
G (2)
3-0-9

Surveys techniques to fabricate and analyze
submicrometer structures, with applications.
Reviews optical and electron microscopy. Sur-
face characterization, preparation, and mea-
surement techniques. Resist technology.
Optical projection, holographic, X-ray, Ion, and
electron lithography. Aqueous, Ion, and
plasma etching techniques. Lift-off, film
growth, and electroplating. Ion implantation.
Applications in microelectronic devices, optical
devices, graphospitaxy and X-ray optics. Un-
dergraduates with permission of instructor.
H. L. Smith

6.791 Special Toplos in the Solid State and
Its Application (A)
Prereq.: -
G (1)
3-0-9

6.762 Special Topics In the Solid State and
Its Application (A)

Prereq.: -
G (2)
3-0-9

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. Per-
mission of instructor required.
D. J. Epstein

Computer Science

6.601 Machine Vision

Prereq.: 6.003
U (1)
3-0-9
Deriving a symbolic description of the environ-
mont from an image. Understanding physics of
Image formation. Image analysis as an Inver-
slon problem. Binary Image processing and fil-
tering of images as preprocessing steps.
Recovering shape, lightness, orientation and
motion. Using constraints to reduce the re-
maining ambiguity. Photometric stereo and ex-
tended Gaussian sphere. Applications to
robotics; Intelligent interaction of machines
with their environment.
B. K. P. Horn

6.802 Robot Manipulation

Prereq.: 8.01, 18.02
U (2)
3-0-9

Introduces kinematic, dynamic, and spatial
constraints on robot motion. Basic considera-
tions in design and application of robot sys-
tems. Solving kinematics of robot
manipulators. Planning trajectories subject to
position, velocity, and acceleration constraints.
Using dgid-body dynamics In the control of ro-
bots. Controlling force and compliance In ma-
nipulation. Survey of basic Issues In robot
programming. Development of algorithms for
automatic synthesis of robot programs. Pro-
gramming experience recommended.
T. Lozano-Perez

6.821 Concepts In Modern Programming
Languages (A)
Prereq.: Permission of Instructor
G (1)
4-0-8

Core graduate subject In programming lan-
guages. Programming language concepts and
design, with emphasis on abstraction mecha-
nisms. Denotational semantics. Functional and
imperative languages. Procedure call and pa-
rameter pasing mechanisms. Generic and
polymorphic definitions. Abstract data types.
Efficiency Issues. Several languages studied
in detall, with attention given to design goals
and Interactions of features. Background in
programming languages, compiler construc-
tion, and programming experience required.
J. V. Gutte, B. H. Llakov

6.823 Computer System Architecture (A)
Prereq.: Permission of Instructor
G (2)
3-0-9
Emphasizes the relationships among hardware
organization, systems programming, and lan-
guage support in the evolution of computer ar-
chitecture. Effect of Instruction set design on
performance and programmability; methods of
addressing, creating, protecting, and storing
data and procedure objects; processor and
memory design and programming issues in
vector and multiprocessor systems. Assumes
undergraduate knowledge of programming
languages and computer systems.
Arvind
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6.824 Artfilcial Intelligence (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

intensive introduction to central issues of con-
structing Intelligent systems. Historical trends
In Al research: generality in problem solving,
role of particular knowledge. Formalisms for
knowledge representatloh: predicate logic, se-
mantic networks, "frame" systems, production
rules. Problem-soMng techniques: goal-di-
rected behavior, natural deduction, resolution,
production system architectures, reasoning
about control, planning, dependency-directed
control, constraints, truth maintenance. Ex-
pects working knowledge of LISP.
P. Szolovlits, R. Davis, H. E. Shrobe

6.830J Program Semantics and
Verification (A)

(Same subject as 18.427J)
Prereq.: 6.821, 6.045J or 6.840J or 6.044J
G (1) Not to be offered 1987-88
3-0-9

Presentation by faculty and students on math-
ematical approaches to defining semantics of
simple programming languages: denotational,
operational, and axiomatic semantics. Formal
systems for program verification: soundness
and completeness. Logics of programs, type
theory, lambda calculus. Further topics se-
lected from: semantics and verification of com-
plex languages with concurrent and parallel
constructs; current verification technology.
May be repeated for credit. Alternate years.
A. R. Meyer

6.635 Concurrent Systems for Artificial
Intelligence (A)

Prereq.: 6.035, 6.033
G (1)
3-0-9

Concurrent systems and their relationship to
artificial intelligence. Organizations as exem-
plars of highly Intelligent parallel systems.
Concurrent architectures for artificial intelli-
gence (e.g., Apiary, Connection Machine, and
parallel Prolog machines). Incrementally evolv-
Ing networks of computers. Mathematical
models of concurrent systems (e.g., Actor
Model, Milner's algebraic model, and Hoare's
process model).
C. E Hewitt

6.4J Theory of Computation (A except
XVilI)

(Same subject as 18.404J)
Prereq.: 18.063 or 18.310
G (1)
3-0-9

See description under subject 18.404J.
D. A. Shmoys

6.841J Advanced Complexity Theory (A)
(Same subject as 18.405J)
Prereq.: 6.840J
G (2)
3-0-9

See description under subject 18.405J.
S. Goldwasser, M. F. Sipser

6.45 Topics in Computer Systems
Research (A)
Prereq.: Permission of instructor
G (2)
3-0-9

Seminar on a selected research topic in the
engineering of computer systems. Emphasizes
software and hardware as a single system,
and case studies of actual system implemen-
tations. Usually includes extensive reading in
joumals, discussion and preparation of re-
ports. Content varies from year to year. Typi-
cal topics: information protection, design of
physically distributed systems, and perfor-
mance analysis. See instructor for topic to be
offered. Limited enrollment.
J. H. Seltzer

6.847 Dataflow and Reduction
Architectures (A)

Prereq.: 6.001, 6.032 or 6.004
G (1)
3-0-9

Dataflow and reduction models as bases for
the organization of high performance and dis-
tributed computer systems. Suitability of func-
tional languages for programming concurrent
applications; data and demand-driven execu-
tion models and their relationship to lambda-
calculus reduction rules. Streams and man-
agers; dataflow program graphs; the unravel-
Ing Interpreter. Static and dynamic dataflow
architectures; sequential and parallel reduction
machines. Parallel machines for logic
programming.
Arvind

6.848J Theory of Parallel and VLSI
Computation (A)
(New)

(Same subject as 18.435J)
Prereq.: 6.04J or 6.851J
G (1)
3-0-9

See description under subject 18.435J.
C. E Lelserson, F. T. Leighton

6.849J Advanced Parallel and VLSI
Computation (A)
(New)

(Same subject as 18.436J)
Prereq.: 6.848J
G (2)
3-0-9

See description under subject 18.436J
C. E Lelserson, F. T. Leighton

6.8651J Theory of Algorithms (A except
XVii)

(Same subject as 18.414J)
Prereq.: 18.06 or 18.710, 18.063 or 18.310
G (2)
3-0-9

See description under subject 18.414J.
L. Heath

6.862J Distributed Algorithms (A)
(Same subject as 18.437J)
Prereq.: Permission of Instructor
0 (1) Not to be offered 1987-66
3-0-9

Design and analysis of concurrent algorithms,
emphasizing those suitable for use in distrib-
uted networks. Process synchronization, allo-
cation of computational resources, distributed
consensus, distributed graph 0gorithms, elec-
tion of a leader in a network, distributed selec-
tion, distributed termination, deadlock
detection, concurrency control, communica-
tion, clock synchronization. Special considera-
tion given to Issues of efficiency and fault
tolerance. Formal models for distributed com-
putation. Altemate years.
N. A. Lynch

6.853 Computer Systems (A)
Prereq.: 6.033
G (1) Next offered 1987-88
3-0-9

Study and discussion of the literature of com-
puter systems. Subject is designed to help
students understand the nature of research in
computer systems and to develop a student's
ability to judge ideas critically. Computer archi-
tecture, networks, operating systems, pro-
gramming language/system Interface, network
protocols, file systems, replication, protection,
transactions, data base systems, computer
graphics, user interfaces, and application sys-
tems. Alternate years.
D. K. Gifford

6.64J Advanced Algorithms (A)

(Same subject as 18.415J)
Prereq.: 6.851J
G (1)
3-0-9

See description under subject 18.415J.
R. L. Rivest

6.66J Algebraic Manipulation (A)
(Same subject as 18.429J)
Prereq.: 6.821, 18.063 or 18.310
G (2) Next offered 1987-88
3-0-9

Algorithms for computation with exact quan-
titles: polynomial greatest common divisor and
factorization, algebraic numbers and functions,
elimination theory. Probabilistic algorithms for
sparse polynomials. Integration and simplifica-
tion of transcendental and algebraic functions,
limits and orthogonal series. Additional discus-
sion of representation and implementational
Issues in building computer algebra systems.
Alternate years.
J. Moses, R. E. Zippel

6.863 Natural Language and the Computer
Representation of Knowledge (A)

Prsreq.: 6.034
G3(2)
3-0-9

Relationship between computer representation
of knowledge and the structure of natural lan-
guage. Emphasizes development of the
analytical sklls necessary to judge the compu-
tational implications of grammatical formal-
Isms, and uses concrete examples to illustrate
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particular computational Issues. Efficient pars-
Ing algorithms for context-free grammars; aug-
mented transition network grammars Queston
answering systoe; computer acquisition of
syntactic knowledge. Models for the semantics
of English relevant to symbolic computation.
R. C. Berwck

6.86 MachIne Vision (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Intensive Introduction to the process of gener-
ating a symbolic description of the environ-
ment from an image. Students expected to
attend the 6.801 lectures as well as occa-
sional seminar meetings on special topics.
Material presented in 8.801 Is supplemented
by reading from the literature. Students re-
quired to prepare a paper analyzing research
In a selected area.
B. K. P. Hom

6.867 Robot Manipulation (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

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 se-
lected area.
T. Lozano-Perez

6.166 Topics In Artificial Intelligence (A)

Prereq.: Permission of Instructor
G (1)
3-0-9.
Seminar on selected, currently active research
topics In artificial intelligence. One or two top-
ics covered In depth each term. Intended pri-
marly for advanced students In artificial
Intelligence but open to students with back-
grounds In areas related to the topics
discussed.
M. L. Minsky

6.871 Knowledge-Based Applications
Systems (A)
Prereq.: 6.035, 6.034 or 6.824
G (2)
3-0-9

Development of programs containing a signifi-
cant amount of knowledge about their applica-
ton domain. Outine: 1)brief review of relevant
Al techniques; 2)case studies from a number
of application domains, chosen to Illustrate
principles of system development;
3)discusslon 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).
R. S. Paul

6.67UJ Cryptography and Cryptanhysle (A)
(Same subject as 18.426J)
Prsrsq.: 6.046J or 6.851J or 6.047J
G (2)
3-0-9

Computational complexity-based cryptography.
One-way and trapdoor functions. Publc-key

cew IstmDigitl !ignatr schem.
encrypdon. Computatonal cor-

plexity measures of knowledge and protocols
for secure transactions: coin flipping by tele-
phone, oblivious transfer, mental poker, fair
secret exchange. Polynomial-time statistical
tests and algorithmic randomness. Perfect
pseudorandom number generation and con-
struction of pseudorandom functions.
S. Goldwasser

0.876J Advanced Topics In
Cryptography (A)

(Same subject as 18.426J)
Prereq.: Permission of Instructor

3-0-9
Recent resuits In public-key cryptography,
pseudorandom number generation, protocols
for secure transactions, and cryptanalysis pre-
sented and discussed. A series of lectures on
Isolated topics by Instructor and Invited speak-
ers. May be repeated for credit.
S. Micull

6.80J Perspectives on Computers and
Society (A)

(Same subject as STS 633J)
Prereq.: Permission of Instructor
G (1)
3-0-9
Seminar on the Interface between computers
and society. Topics are: the Influence of Ideas
derived from computers and computation on
the Individual's reconstruction of reality; mod-
em society's dependence on computers; what
the general public believes about computers
and what computer scientists' role In creating
beliefs about computers Is and ought to be;
questions of responsibility raised by large,
possibly Incomprehensible computer-based
systems; ethical Issues confronting computer
scientists and engineers.
J. Welzenbaum

6.891-.899 Special Topics In the Computer
Sciences (A)
Prreq.: Permission of Instructor
G3(1, 2)
Arr.
A seminar-type discussion of special topics In
the computer sciences. Opportunity for gradu-
ate students and Instructors to Investigate a
topic of common Interest. Topic and staff an-
nounced each term. These subjects given In-
dependently or sequentially, as circumstances
require.
F. J. CorbaI

Special Subjects

6.901 Inventions and Patents
Prereq.: 14.02
U (1)
3-0-6

School-Wide Elective Subject. Description

WRven aan of this chapter on SWE page.

6.910 Special Studies in Electrical
Engineering and Computer Science
Prereq.: -
U (1, 2, S)
Arr.

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

6.911-6.919 Special Subjects In Electrical
Engineering and Computer Science
Prereq.: -
U (1, 2)
Arr.

Opportunity for group study of undergraduate
subjects related to electrical engineering and
computer science not otherwise Included In
curriculum. Programs subject to approval of
professor In charge.
L. A. Gould

6.921 VI-A Internship

Prereq.: -
U (S)
0-12-0

Provides academic credit for the first two As-
signments of VI-A students at companies
affiliated with the Department's VI-A Intemship
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
participating In the VI-A Intemship Program.
J. A. Tucker, K. J. OToole

6.922 Advanced VI-A Internship

Prereq.: 6.921
U (2, S)
0-12-0

Provides academic credit for the third Assign-
ment of VI-A students at companies affiliated
with the Department's VI-A Intemship Pro- ,
gram. Enrollment limited to students participat-
Ing In the VI-A Internship Program.
J. A. Tucker, K. J. O'Toole

Electal Engineerng and Computer Science



Eieorlol EnineringandCompterSciece 3D
6.915 Engineering Internship
Prereq.: -
U (1, 2, 8)
0-6-0
Provides academic credit for the first two Work
Assignments of Electrical Engineering and
Computer Science students participating In the
Engineering Internship Program. Students reg-
later for the subject twice. The grade of "J" Is
given following completion of the first Work
Assignment. Students must complete the sec-
ond Work Assignment In order to receive the
full academic credit of 12 units for this subject.
Enrollment limited to Course VI students par-
ticipating In the Engineering Internship
Program.
J. K. Roberge

6.929 Undergraduate Thesis Presentation
Proreq.: -
U (1, 2, 8)
0-3-0
Registration for written and oral presentation
of the undergraduate thesis when the thesis
work Is an extension of a project laboratory or
Is carried out as part of a VI-A Assignment.
Consult Department Undergraduate Office.
D. Adler

6.930 Management In Engineering
Prereq.: -
U (1)
3-0-9
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. P. Hoult, H. S. Marcus

6.931 Development of Inventions and
Creative Ideas (A)
Prersq.: 14.002
3G(2)
3-0-9
Role of the engineer as patent expert and as
technical witness In court and patent Interfer-
ence and related proceedings. Rights and ob-
ligatIons 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
Institutions. 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

6.932 Nuclear Weapons and Arms Control:
Technology and Policy Issues
Prereq.: -
G (1)
4-0-8
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
G. W Rathiens, J. P. Rulna

6.934 Nucloer War: Threat and Avoidance
Prmq.: -
U (2) HASS
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. K. Lester, P. Morrison, G. W Rathjene,
E. G. Rohschild, J. P. Ruina

6.936 Entrepreneurship
Prsreq.: -
p (2)
4-0-5

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. G. Janseon

6938 Engineering Risk-Benefit Analysis (A)
Prereq.: 18.02
G (2)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

6.961 Graduate VI-A Internship

Prereq.: 6.922
(3(1, 5)
0-12-0
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
Program.
J. A. Tucker, K. J. O'Toole

6.962 Graduate VI-A Internship

Prereq.: 6.951
3(1, 2, S)

0-12-0
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 pro-
gram. Enrollment limited to graduate students
participating in the VI-A internship Program.
J. A. Tucker, K. J. OToole

6.965 Advanced Engineering Internship
Prereq.: 6.925
G3(1, 2, 5)
0-6-0

Provides academic credit for the third Work
Assignment of Electrical Engineering apd
Computer Science graduate students partici-
pating in the Engineering Internship Program.
Students register for the subject twice. The
grade of "J" Is given following completion of
the first term of the Work Assignment. Stu-
dents must complete the second term of the
Work Assignment In order to receive the full
academic credit of 12 units for this subject.
Enrollment limited to Course VI graduate stu-
dents participating in the Engineering Intem-
ship Program.
J. K. Roberge

6.961 Introduction to Research in Electrical
Engineering and Computer Solence
Prereq.: -
G (1, 2)
Arr.

Opportunity to become Involved In graduate
research, under guidance of a staff member,
on a pioblem of mutual Interest to student and'
supervisor. Recommended for all entering full-
time graduate students in the Department of
Electrical Engineering and Computer Science.
Individual programs subject to approval of pro-
fessor In charge. Enrollment restricted to requ-
lar graduate students In Electrical Engineering
and Computer Science. Normal registration Is
for 12 units.
D. J. Epstein

6.962-6.969 Special Studies In Electrical
Engeering and Computer Science
Prereq.: -
G (1, 2)
Arr.

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 nor-
mteally used for situations involving Individual
study, under supervision of a faculty member,
of topics of mutual Interest to student and su-
pervisor, but may, when appropriate, be used
for small study groups. Normal registration Is
for 12 units. Registration subject to approval of
professor in charge.
D. J. Epstein

6.971-6.979 Special Subjects In Electrical
Engineering and Computer Science (A)
Prereq.: -
(3(1, 2)
Arr.

Opportunity for group study of advanced sub-
jects related to electrical engineering and
computer science not otherwise included In
curriculum. Pograms subject to approval of
professor in charge.
D. J. Epstein

6.960 Teaching Electrical Engineering
and Computer Science
Prereq.: -
G (1, 2)
Arr.

For qualified students Interested In gaining
teaching experience. Classroom, tutorial, or
laboratory teaching under the supervision of a
faculty member. Enrollment limited by availabil-
ity of suitable teaching assignments. Students
selected by Interview.
F. C. Hennie

6.961-6.969 Teaching Electrical
Engineering and Computer Science
Prereq.: -
(3(1, 2)
Arr.
For Teaching Assistants in Electrical Engi-
neering and Computer Science In cases
where teaching assignment is approved for
academic credit by the Department.
F. C. Hennie
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Engineering an Computer Seence
Prereq.: -
G (1, 2, 8)
Arr.
For Research Assistants In Electrical Engi-
neering and Computer Science In cases
where the assigned research Is approved for
acdemic credit by the Department. Hours ar-
ranged with research supervisor.
A. C. Smith

6.UR Undergradusle Research In Electrical
Engineering Computer Sclence
Prerq.: -
U (1, 2, 8)
Arn.
Extended participation In the work of a faculty
member or research group, Including Indepen-
der I study of the literature, direct Involvement
In the group's research, snd project work un-
der 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
Computer Science, and may continue over
several terms. An Initial letter of Intent and a
summary report must be submitted to 8.UR
coordinator. Grading P/F only.
R. D. Thornton

I.ThU Undergraduate Theals
Prereq.: -
U (1,2,S)
Arr.

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.
D. Adler

6.ThG Graduate Theels (A)
Prereq.: -
G (1, 2, S)
Arr.

Program of graduate research leading to the
writing of an S.M., E.E., Ph.D. or Sc.D. thesis,
to be arranged by the student and an appro-
priate MIT faculty member.
A. C. Smith
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7.UR Undergraduule Resmirch
Prreq.:-
U (1, 2)
Arr.

Undergraduate research opportunities In the
Department of Biology. For further information
consult the Departmental Coordinator: D. E.
Housman. A written report Is required. Permis-
slon of Department required. Consult Depart-
mnt headquarters.

7.01 General Biology
Promq' -
U (2) SD
4-0-

Description of a varlety of animals and plants
(Including parasites), organ systems, cell
types, suboellular organes, and macromo-
lecular assemblies; metabolism of animals and
plants; membranes, nucleic acid, and protein
structure; an introduction to Mendelan and
prokaryodo genetas; evolutionary ideas: the
relationship of call and organ structure to funo-
tion; development of vertebrate, Insect, and
plant embryos; immunity In animals; neuroblol-
ogy Of simple systems.
V. M. ingram

7.011 introduction to xperimental Biology
(Revised Unit)
Prereq.: 7.01 or 7.05
U (1, 2) LAS
2-8-5

Apploadon of experimental techniques In bio-
chemistry, microbiology, and cell biology. Em-
phasizes integrating factual knowledge with
understanding the design of experiments and
data analysis to prepare the students for re-
search projects.
J. M. Buohanan, A. Torlan,
L. A. SeIner, H-8. Shin

7.084 Genetlos
(Same subject as 20.025J)
Prereq.: -
U (1)
4-04
Continuity and variation In the multiplication of

lams. Mutation and selection as a
for biological change. Principles of

formal genetics. Physical and chemical basis
of heredity. Structure and function of the he-
reditary material. Molecular basis for mutation,
genei function, and recombination In
micro.rganiAms.
H. R. Man*,~ R. A. Mae

7.031 Exparimentel Miorobiai Genetios
Prereq.: 7.011
U (2) Next ered 10746-0
2-16
Laboratory project In microbiology and ge-
notics. Enrollment limited.
G. C. War

7.04 Cell and Developmental Biology
Prereq.: 7.08
U (2)
4-6
Basic properties of cells and their relationship
to development: blochenical and structural dif-
ferenaion of cells. Principles of embryology
and development: determination, patem for-
mation, and e-coll interaction. Analysis of
development by techniques of cell biology,
genedos, molecular biology and biochemistry.
R O Hynes, R. Jnsch, M. L. Paidue

7.06 General Biochemistry
Prereq.: 5.12
U (1) SD
5-0-7
Contributions of biochemistry toward an un-
derstandIng of the structure and functioning of
organisms, desues, 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
carbohydrates, fats, and nitrogen-containing
materials such as amino acids, proteins, and
related compounds.
G. M. Brown, U. L. RjMhandary

7.06 Metaeen Coll Biology
Prereq.: 7.01 or 7.05
U (2)
3-0-9
Molecular and structural bology of cells and
higher anlems. Maoromolecular -ochemis-
try Iding RNA synthesis and processing
and protein synthesis. Structure, function, and
formation of suboellular components and or-
ganeles. Structural networks In cells and their
relation to tissue. Emphasizes biochemistry
and electron microscopic anatomy.
8. Penman

7.06 Cell and Molecular Biology
Prereq.: 7.03, 7.05
U (2)
4-04

Nucleic acid molecular biology: mechanisms of
DNA replication, regulation of gene expression
in proksryotes and eukaryotes including the
blosynthesis of RNA and proteins. Recombi-
nant DNA t ologyStructure, biogenesis,
and funotions of su lular organelles and
membranes. Cytoekeleton and extracelular
matrix. Control of eall growth and oncogenes.
H. F. Lodish, B. J. Meyr

7.06 Cellular Neurobiology
Prereq.: 7.05
U (2)

An introduction to the structure and function of
the nervous system. Emphasis placed on the
cellular properties of neurons and other excit-
able calls. Includes: the structure and blophys-
cal properties of exotatoe cells, synaptic
transmission, neurochemistry, neurodevelop-
ment and In ration of Information in simple
systems and visual system.
S. J. Burden, R. 0. G. McKay, W. G. Quinn

7.11 Biology Teaching
Prereq.: -
U (1, 2)
Arr.

For qualified undergraduate students inter-
ested In gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching un-
der the supervision of a facuity member. Stu-
dents selected by Interview. Consult
Department headquarters.

7.16 Bxpermentl molecular Biology:
Bielechnology i
Prereq.: 7.011, 7.03, 7.05
U (1)
2-16

Laboratory project applying recombinant DNA
and other modem genetic techniques to prob-
lems in prokaryodo genetics. Cloning of genes
from a variety of prokaryodo and lower eu-
karyoti organisms, and characterization of the
cloned genes for structure and function.
R. A. Young, P. W Robbins
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7.16 ExperImental Molecular Biology:
Blotechnoldgy| I
Prereq.: 7.011, 7.03, 7.05
U (1, 2)
2-16-6

Laboratory methodology and theoretical basis
for cloning and manipulation of genes In eu-
karyotic organisms. Mammalian cell culture,
biological assays with mammalian cells, Isola-
tion of hybridomas that secrete monoclonal
antibodies, and cloning and expression of
genes in eukaryotic organisms.
Term 1: P. T. Metaudaira, B. Cochran
Term 2: R. C. Mulligan, 0. E. Housman

7.21 Microbial Physiology
Proreq.: 7.05
U (1)
4-0-8

Biochemical properties of bacteria and other
microorganisms that enable them to grow un-
der a variety of conditions. Interaction between
bacteria and bacterlophages. Genetic and
metabolic regulation of enzyme action and
enzyme formation.
B. Magasanik, S. E. Lurila

7.24 Topios In Bacteriology (A)

Prereq.: 7.21
G (1)
2-0-6

Recent developments in bacteriology: regula-
tory mechanisms and membrane phenomena.
Permission of instructor required. Consult De-
partment headquarters.

7.25 Topio. In Baoterial Viruses
Prereq.: 7.21, 7.27
G (2)
2-"-
Biological and molecular properties of bacteri-
ophages as model systems for the study of
viruses and as prototypes of noncellular orga-
nisms are presented and discussed on the ba-
ala of specific examples from current literature.
Consult Department headquarters.

7.26 Animal Virology
Prereq.: 7.21
G(1)
3-0-9

General survey of animal virology including
studies of their genome organization, virion
structure, genetics; virus interaction with the
Infected cell and the Immune system. The vi-
rus Is viewed as a model system of the ma-
cromolecular metabolism of the cell. The
pathogenesis of medically important virus
diseases is discussed.
R. A. Weinberg, N. H. Hopkins, P. A. Sharp

7.27 Regulation of Gene Expression (A)
Prereq.: 7.03, 7.05
0 (2)
4-0-8

Studies molecular mechanisms responsible for
the regulation of gene expression in bacteria,
bacterial viruses, and eukaryotic micro-
organisms.
B. Magassnik, L. P. Guarente

7.28 Toplc in Nuolelo Acid
Blochemistry (A)
Prereq.: 7.03, 7.05
G (1)
3-0-9
Genome structure and function, emphasizing
regulation of DNA transactions and protein
synthesis in both prokaryotes and eukaryotes.
Each topic is covered by In-depth discussion
of specific recent developments in the field.
A. Varshavsky

7.30 Method and Logic In Molecular
Biology (A)

Prereq.: Permission of Instructor
G (1)
4-0-8

Logic and experimental design: an in-depth
discussion and assessment of biochemical,
physical, and genetic methods employed in
testing hypotheses. Limited to Course Vil
graduate students.
F. Solomon, M. L. Pardue, H. R. Horvitz,
M. L. Gefter

7.32 Analysis of Differentiation and
Development
Prereq.: 7.05 or 7.33
G (2)
2-0-4

Graduate discussion seminar examining In
depth fundamental aspects of development
and differentiation. In addition, particular atten-
tion paid to the critical appraisal of current
published research in important areas of the
field.
M. L. Pardue, W. 0. Quinn

7.33 Genetics for Graduate Students (A)
Prereq.: Permission of Instructor
G (1)
4-0-8
Principles of genetics, including Mendelian
systems 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
lectures.
D. Botsteln, 0. R. Fink

7.36 Advanced Neurophysiology (A)

Prereq.: 7.06
G (1)
3-0-6
A series of lectures, with student participation,
on some aspects of the nervous system.
Foundation for work on the structure and func-
tion of the nervous system.
J. Y. Lettvin

7.411-7.419 Seminars in Biological
Oceanography (A)
Prereq.: -
G (1, 2)
Arr.

Selected topics in biological oceanography.
Permission of instructor required. Information:
A. L. Peirson (Woods Hole Staff).

7.421 Speolai Problems in Biological
Oceanography (A)
Prereq.: -
G (1, 2)
Arr.

Advanced problems in biological oceanogra-
phy with assigned reading and consultation.
Information: A. L. Peirson (Woods Hole Staff).

7.43 Phytoplankton Ecology (A)
Prereq.: Permission of Instructor
G (2)
3-0-6

Overview of major algal classes, physiological
processes, and large-scale systems as they
relate to phytoplankton In the marine environ-
ment. Attention to interactions of environmen-
tal parameters (light, temperature, nutrients,
trace metals, physical factors) on the growth
and distribution of phytoplankton. Discusses
multidisciplinary programs and modeling. Em-
phasizes current problems in the field through
lectures, readings, and discussions. Students
evaluate selected papers and present a
seminar..
(Woods Hole Staff): D. M. Anderson,
P. Gilbert

7.44 Ecology of OceanIc Zooplankton
Prereq.: 7.43
G (2) Next offered 198748
3-0-6
Provides a general context for understanding
current problem areas In oceanic zooplankton
ecology. Major topics for lectures and demon-
strations include zoogeography, behavioral
and morphological adaptation to pelagic exis-
tence, secondary production and zooplankton
energetics, and field and laboratory problems
involved In their study. Opportunity for student
participation In presenting material and In
structuring portions of the course.
(Woods Hole Staff): N. Marcus

7.46 Benthlo Ecology (A)

Prereq.: Permission of Instructor
G (2)
3-0-6

Aspects of the ecology of marine benthos. In-
cludes communities, with consideration of
sampling, life histories, population dynamics,
biotic interrelationships, zoogeography, diver-
sity, and evolution. Emphasizes recent litera-
ture including some historical perspective.
Environments considered are shallow and
deep-sea soft bottoms, sandy beaches, rocky
shores, coral reefs, estuaries, and salt
marshes.
(Woods Hole Staff): J. F. Grassle

7.46 Topics in Physiology and
Blochemistry of Marine Animals (A)
Prereq.: Permission of Instructor
G (2) Next ofred 123748
3-0-
Features aspects of the metabolism, blochem-
istry, and physiology of marine animals. Par-
ticular emphasis on perception of, response
and adaptation to, changing and vauded condi-
tions of the physical and chemical environ-
ment in the sea. Respiration and anaerobic
metabolism, food and nutrition, osmoregula-
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tion, thermal and pressure adaptation, chemo-
reception and foreign compound metabolism,
and other topics considered. Special topics In-
clude light i the a, locomotion and divng,
cycles and miration.
(Woos HoSt#a):J. J. Stegoman,
J. M.Coapuu

7.4g1 Researoh In BiologIcal
Oceanography (A)
Prereq.: -
G(1,2)
Arr.
Directed research in biological oceanography
not leading to graduate thesis and generally
done before the qualifying examination. Possi-
ble areas Include: population dynamics, physi-
ology and cytology of marine microorganisms,
physiology, nutritlon, and productivity of phyto-
plankton, Influence of organisms on the com-
poelton of seawater, systematics, physiology
and ecology of pelagic larvae, zooplankton,
benthos, and mesopelagic fishes, physiology
and migration of large fishes, diving physiol-
ogy and use of sound by marine mammals.
(Woods Hole Staf)

7.51J General Physiology
(Same subject as 6.524J)
Prereq.: -
U (2) SD
3-0-9

Form-function relations. How local actions de-
termine global geometry In development.
Strategies of growth. Special problems in res-
piration, circulation, excretion, and-animal
movement Illustrating how function and form
direct each other. Structure and action of mus-
cle. Physiology of perception. How the senses
of predators affect the evolution of their prey.
Mimesis and protective coloration of prey as
guides to the nature of vision in predator. Tac-
tics of color vision and form vision. Introduc-
tion to the physiology of nerve membrane and
to the action of nervous tissue.
J. Y. Lettln

7.6NJ Bloeohnology of Mammallan COlls
(New)
(Same subject as 10.56J, 20.803J)
Prereq.: 7.03 or 7.05; 5.60 or 10.13
U (2)

BIological and bloengineering principles for uti-
lzation of cultured animal cells and their pro-
tein products: post-translational processing
and secretion of proteins; gene cloning and
expression In mammalian cells; physiology of
cell growth and In vitro cultivation; bloreactor
design; protein recovery and purification; alter-
natives to mammalian cell culture; federal reg-
ulatory Issues; marketing and business
planning; and Issues In patents and laws.
H. F. Lodsh, A. J. Slnakey, D. L. C. Wang

7.63 iologloel Electron Microscopy
Prereq.: 7.01
U (2)
2-2-5

Introduces the use of visualization techniques
for studying biological structure. Operation of
the transmission and scanning electron micro-
scopes. Biological sample preparation includ-
Ing negative staining, shadowing, Klelnschmidt
technique for nucleic acids, embedding and
sectioning, autoradlography, and specific anti-
body staining. Interpretation of ultrastructure
from micrographs. Limited to 16 students.
J. A. King, E. A. Hartwleg

7.64J Human Physlogy

(Same subject as 20.022J)
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 metab-
olism. Special emphasis on examining the car-
diovascular, pulmonary, gastrointestinal, and
renal systems.
M. Krieger, R. D. Rosenberg

7.66N eprodustive BUology
(NW
(Same subject as SP 484J)
Prereq.: -
U (2) HASS

A rigorous introduction to aspects of molecu-
lar, cell, and developmental biology that per-
tain to human reproduction. Attendant ethical
and social issues as they affect men and
women's lives are addressed. Includes Men-
delian and molecular genetics, gamete forma-
tion and fertilization, the sex ife of plants and
animals other than humans, the sociology and
biology of birth control, recombinant DNA
technology, and gene therapy.
N. H. Hopklns

7.60 Cell Biology I (A)

Prereq.: 7.08
G (2)
4-0-8

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,
differentiation of specialized cell types. Text
and literature readings.
P. A. Sharp, Staff

7.61 Cell Biology 11 (A)

Prereq.: 7.08
G (1)
4-0-8

Structure and function of membranes. Trans-
port, channels, and pumps. Synthesis and
processing of membrane and secreted pro-
teins. Receptors, endocytoels, and recycling of
membrane proteins. Cytoskeletal and extracel-
lular matrix proteins; structure. function, and
assembly. Intracellular organization and motil-
Ity. Cell adhesion, morphology, and migration.
Hormones, receptors, and second messengers
In cellular recognition. Organization of special-
ized cell types. Text and literature readings.
R. 0. Hynes, Staff

7.62 Tumor Biology (A)

Prereq.: 7.05
G (2)
3-0-9

Broadly concemed with the natural history and
causal mechanisms of cancer in humans and
animals. Subjects include: differences between
normal and tumor cells, viral and chemical
carcinogenesis In cultured cells and in ani-
mals, activation of chemical carcinogens,
chromosomal and genetic Influences, mono-
clonal vs polyclonal tumors, malignant-normal
cell hybrids, host-tumor interactions, tumor Im-
munology, reversibility of malignant pheno-
type, causes and treatment of human cancer.
Lectures and student papers.
H. E. Ruley, H. N. Elsen

Bioloy 6?D
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7.3 Immunology for Graduale Students (A)
Prereq: Permission of Instructor
G (2)
3-0-9
Principles of Immunology, Including Immuno-
chemistry and molecular and cellular Immunol-
ogy. An in-depth critical analysis of current
literature In the fleid. Particular attention paid
to the function of the Immune system as a
whole as studied by modem methods and
techniques. Discussions of original papers
supplement lectures.
M. L. Gofe, D. H. Raulet

7.66 Cellular and Molecular Biology of the
m -(Now)

Prereq.: -
G (2)
2-0-4

Graduate discussion seminar in molecular
neurobiology. Includes: release and reception
of neutotransmitters; voltage and ligand-gated
channels; neural induction and determination;
cellular migration and differentiation; neuronal
growth factors; synaptogenesis; nouropep-
tides; modulation of synaptic function; axonal
transport; biochemistry and physiology of pho-
totraneduction; cell adhesion-axon growth and
guidance; Drosophila retina. Discussions focus
on citical appraisal of current published pa-
pers In the field.
S. J. Burden, R. 0. G. McKay

7.711 Biophyslcal Chemistry
(Same subject ad 5.64J)
Prert.: 5.60, 7.05
U (1)
3-0-9
Nucleic acids: structures and forces which
stabilize them. Polymer statistics relating to
properties of long nucleic acid chains. Super-
coiling. Hydrodynamic behavior as a function
of conformation. Melting of double-stranded
DNA and RNA: helix-coil transition. Renatura-
tion dnetics and Cot curves. Proteins: thermo-
dynamics and kinetics of protein folding.
Forces stabilizing three-dImensIonal structure.
Hydrophobic effects and water structure. Pre-
diction of structure from amino acid sequence.
Enzyme kinetics and allosteric systems. inter-
actions with nucleIc acids.
P. R. Schimmel, G. A. Petsko

7.73 General Immunology
Prereq.: 7.05
U (1)
4-0-8
A comprehensive survey of Immunology. In-
cludes: antigen-antibody reactions, immuno-
globulin structure, organization and expression
of Immunoglobulin genes, cells and tissues of
the Immune system, major histocompatibility
complex (MHC), genes encoding MHC pro-
teins and T-coll antigen-specific receptors, an-
tibody formation, cell-mediated Immunity,
complement, hypersensitivity, Immunodeficlen-
cies, graft rejection.
H. N. Eisen, L. A. Steiner

7.76 Advanood Blochemlstry (A)
(Same subject as 5.50J)
Prereq.: 7.05
0 (2)
4-0-8
Major metabolic pathways for the synthesis of
amino acids, coenzymes, lipids and steroids
emphasizing enzyme mechanisms, regulation,
and coenzyme-oatalyzed reactions. Oxidative
phosphorylation and photosynthesis.
0. M. Brown, C. T. Walsh

7.77 Structure and Function of Proteins
and Nuclelo Acids (A)
Prereq.: Permission of Instructor
G (1)
4-0-8
Studies of proteins, nucleic acids, their inter-
actions, and their assembly Into large com-
plexes. Biochemical and physical principles
underlying enzyme mechanism and macromo-
lecular structure and function. The use of
chemical, enzymatic, genetic, and physical
methods in the analysis of tertiary and quater-
nary Interactions. Symmetry, Ieeign, and
assembly principles used by viruses, chromo-
somes, and cytoskeletal arrays.
U. L. RaJBhandary, P. R. Schimmel,
F. Solomon

7.78 Seminar In Upid and Carbohydrate
Biochemistry (A)

Prereq.: 7.05
G (2)
2-0-4

Discusses recent research In the area of com-
plex liplds and carbohydrates. Upid topics In-
clude phospholplds, prostaglandins, and .
steroids. In the carbohydrate area emphasizes
membrane and cell surface components of
bacteria, yeast, and animal cells. Format In-
cludes lectures, discussions of recent litera-
ture, and student reports.
P. W Robbins

7.86 Molecular Genetics (A)
Prereq.: 7.05, 7.27
G (2)
3-0-9
Examines In depth selected topics by study
and discussion of the literature In seminar for-
mat. Special emphasis on experimental details
supporting current ideas about replication of
nucleic acids, genome organization, genetic
recombination, and gene function as devel-
oped in microbial systems. Subject designed
to establish familiarity with literature and pat-
tems of thought In the field and develop ability
of critically evaluating papers. Undergraduates
who have taken 7.03 and 7.21 admitted with
permission of Instructor.
M. S. Fox

7.90 Special Problems In Biology for
Undergraduates
Prereq.: -
U (1, 2)
Arr.
Program of study or research to be arranged
with a department faculty member. Written re-
port required. Permission of Department re-
quired. Consult Department headquarters.

7.9 Selected Topls in Biology (A)
Prereq.: -
G (1 or 2)
Arr.

Class work in various fiolds of biology not cov-
ered by the regular subjects of instruction.
Consult Department headquarters.

7.941 Research Problems (A)
Prereq.: -
G (1)
Arr.

7.942 Research Probleme (A)
Prereq.: -
G (2)
Arr.
Directed research In a field of biological sci-
ence, but not contributory to graduate thesis.
Consult Department headquarters.

7.99 Molecular Configuration in Biological
Systems Seminar (A)
Prereq.: 7.05
G (2)
2-0-4

Properties conferred on biochemical sub-
stances by assumption of specific physical
configurations. Optical methods (emphasizing
X-ray diffraction) for determining configuration
in macromolecular systems. Special emphasis
on molecular structure of crystalline proteins
and nucleic acids.
A. Rich

1'
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8 Physics

General Undergraduate
Subjects

8.UR Undergraduate Research
Prereq.: -
U (1, 2)
Arr.
Undergraduate research opportunities In phys-
los. For further Information contact the Depart-
mental UROP Coordinator.
R. P. Redwine

8.01 Physios I

rrq.: -
U (1, 2)
5-0-7
Introduces classical mechanics. Space and
time: straight line kinematics; motion in a
plane; forces and equilibrium; experimental
basis of Newton's laws; particle dynamics; uni-
versal gravitation; collisions and conservation
laws; work and potential energy; vibrational
motion; conservative forces; inertial forces and
non-inertial frames; central force motions; rigid
bodies and rotational dynamics. Heat and an
Introduction to kinetic theory.
Term 1: S. B. Kowalski
Term 2: A. P. French

8.012 Physics I

Prereq.: -
U (1)
5-0-7

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 ele-
mentary calculus freely. Concurrent registra-
tion In a math subject more advanced than
18.01 Is recommended.
J. W Dreher

8.02 Physics i
Prereq.: 8.01 or 8.012; 18.01
U (1, 2)
5-0-7
Introduction to Electromagnetism Electrostat-
ics: 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 mate-
rials. Time varying fields and Faraday's law of
Induction. Basic electric circuits. Electromag-
netic waves and Maxwell's equations.
Term 1: J. L. Maffhews
Term 2: A. P. French

6.021 Physics It
Prereq.: 8.01 or 8.012, 18.01
U (2)
5-0-7

Intended for students who wish a broader view
of physics In their second semester, with more
emphasis on conceptual understanding and
less on mathematical details. Electrostatics,
electric currents, magnetic fields, Maxwell's
equations and light, elements of the quantum
theory, the Bohr atom, Introduction to nuclear
and particle physics. May be followed by 8.03
without too much difficulty.
V. Kietlakowsk

8.022 Physics i

Prereq.: 8.012
U (2)
5-0-7

Parallel to 8.02, but at a mathematically more
advanced level. Some knowledge of vector
calculus assumed. Maxwell's equations, In
both differential and Integral form. Electrostatic
and magnetic vector potential. Properties of
dielectrics and magnetic materials.
D. Kleppner

8.03 Physics il

Prereq.: 8.02 or 8.021 or 8.022, 18.02
U (1, 2) SD
5-0-7

Mechanical vibrations and waves; simple har-
monic motion, superposition, forced vibrations
and resonance, coupled oscillations and nor-
mal modes; vibrations of continuous systems;
reflexion and refraction; phase and group ve-
locity. Optics; wave solutions to Maxwell's
equations; polarizption; Snail's Law, interfer-
ence, Huygens' principle, Fraunhofer diffrac-
tion, gratings.
Term 1: G. Bekef#
Term 2: A. P. French

8.04 Quantum Physics I
Prereq.: 8.03 or 6.014, 18.03
U (1, 2) SD
5-0-7

Experimental basis of quantum physics: Pho-
toelectric effect, Compton scattering, photons,
Franck-Hertz experiment, the Bohr atom, elec-
tron diffraction, deBroglie waves, wave-particle
duality of matter and light. Introduction to
Wave Mechanics: Schroedinger's equation,
wave functions, wave packets, probability am-
plitudes, stationary states, the Heisenberg un-
certainty principle and zero-point energies.

Solutions to Schrodinger's equation in one
dimension: transmission and reflection at a
barrier, barrier penetration, potential wells, the
simple harmonic oscillator.
Term 1: C. J. Horowitz
Term 2: E. H. Farhi

8.044 Statistioal Physics I

(8.204)
Prereq.: 8.03, 18.03
U (2)
5-0-7

Introduction to probability statistical mechan-
los, and thermodynamics. Random variables,
joint and conditional probability densities, func-
tions of a random variable. Concepts of mac-
roscopIc variables and thermodynamic
equilibrium, fundamental assumption of statis-
tical mechanics, microcanonical and canonical
ensembles. First, second, and third laws of
thermodynamics. Numerous examples Illus-
trating a wide variety of physical phenomena
such as magnetism, polyatomic gases, ther-
mal radiation, electrons in solids and noise in
electronic devices. Concurrent enrollment in
8.04 is recommended.
T. J. Greytak

8.05 Quantum Physics i
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
Quantum Mechanics: state space, Dirac nota-
tion, representations, and matrix mechanics.
Angular momentum, magnetic moments. Iden-
tical particles and the exclusion principle:
many-electron atoms, the periodic table, sim-
ple molecules, Fermi and Bose gases. Pertur-
bation theory: time independent theory,
variational principle, adiabatic and sudden ap-
proximations, time dependent theory. Dis-
cusses real physical examples at each stage.
Term 1: E. H. Farhl
Term 2: C. R. Canizares

8.06 Mechanics Il

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;

J
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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.
P. C. Jose

&.07 Eleotomagnesm 11
Prereq.: 8.03, 18.03
U (1)
4-0

Survey of basic electromagnetic phenomena:
ElectrostatIcs, magnetostatios; electromagnetic
properties of matter. Time dependent electro-
magnetic fields and Maxwell's equations. Elec-
tromagnetIc waves, emission, absorption and
scattering of radiation. Relativistic electrodyn-
amics and mechanics.
M. W P. Strandberg

8.08 Statistical Physics 11
(Revised Content)
Prersq.: 8.05
U (2)
4-0-8

Probability distributions for classical and quan-
tum systems. Microcanonical, canonical and
grand canonical partition-functions and associ-
ated thermodynamic potentials. Conditions of
thermodynamic equilibrium for homogenous
and het os systems. Applications: Non-
Interacting and Fermi gases; mean field
theories for real gase, binary mixtures, makg-
netic systems, polymer solutions; phase and
reaction equilibria, critical phenomena. Fluc-
tuations, correlation functions and suscoeptibill-
tioe, Kubo formulae. Evolution of distribution
functions: Boltzmann and Smoluchowskl
equations.
G. B. Benoek

Undergraduate Laboratory and Undergraduate Elective
Special Project Subjects Subjects

8.11 Physics Project Laboratory I
Prereq.: -
U (1) LAB
1-6-5

6.12 Physics Project Laboratory 11

Prereq.: -
U (2) LAB
1-6-5

A project laboratory In which students develop
experiments of their own selection, by them-
selves, with close faculty guidance. Instru-
ments, computers, and associated facilities
available to construct and run experiments In
many areas of physics: electron and Ion phys-
Ice; mechanics; optics, spectroscopy, acous-
tics, electronics, and nuclear and cosmic-ray
physics. Computer-controlled projects avail-
able. Not usable as a restricted elective for
physics majors.
R. K. Yamamoto

8.13 Experimental Physics I

Prereq.: 1.04 or 8.211
U (1)
0-6-9
8.14 Experimental Physics i1

Prereq.: 8.04 or 8.211, 8.05
U (2)
0-6-9

About 6 fundamental laboratory experiments
carried out each term, covering most aspects
of modem physics relating to names such as
Rutherford, Franck-Hertz, Hall, Ramsauer,
Doppler, Fraunhofer, Faraday, Mossbauer,
Compton, Stem-Gerlach. Stresses basic ex-
perimental techniques and data analyses, and
written and oral presentation of experiment re-
sults. Second term requires knowledge of
quantum mechanics at the 8.05 level.
G. W Clark

8.18 Specili Problems in Undergraduate
Physics

Prereq.: -
U (1, 2)
Arr.

Opportunity for undergraduates to engage in
experimental or theoretical research under the
supervision of a staff member. Specific ap-
proval required in each case.
A. J. Lazarus

8.19 Readings In Physics

Prereq.: -
U (1, 2)
Arr.

Supervised reading and library work. Choice
of material and allotment of time according to
Individual needs. For students finding it desir-
able to do work not provided for In the regular
subjects. Specific approval required in each
cas.
A. J. Lazarus

8.20 Introduction to Speolal Relativity

Prereq.: 8.01, 18.01
U (1) SD
2-0-7

Analyzes time stretching, Lorentz contraction,
limiting speed of light, solutions to the twin
paradox using Invariance of the Interval, Lo-
rentz transformation, and space-time
diagrams. Analyzes particle collisions, Interac-
tions, transformations, creations, and annihila-
tions using conservation laws and the energy-
momentum 4-vector. Examples from MIT
research projects. Puzzles and paradoxes.
Briefly discusses the theory of gravitation
(general relativity).
E. F. Taylor

8.206J Public Controversies on the Control
of Technology
(Same subject as STS 413J)
Prereq.: -
U (2) HASS Next offered 1987-88
2-0-7

See description under subject STS 413J.
8. T. Fold, C. Welner

8.208 Nuclear War: Threat and Avoidance

Prereq.: -
U (2) HASS
3-0-6

Engineering School-Wide Elective Subject.
Description given at end of this chapter on
SWE page.
R. K. Lester, P. Morrison, G. W Rathiens,
E. Rothschild, J. P. Ruins

8.211 Introduction to Quantum Physics

Prereq.: 18.03, 8.02
U (1) SD
5-0-7

Introduces quantum physics with application to
atoms, molecules, and solids. Emphasizes
failures of classical physics, experimental ba-
ale 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 hydro-
gen atom. Discusses Paull Exclusion Principle,
many-electron atoms, and quantum theory of
Ionic and covalent bonding. Not usable as a
restricted elective for physics majors.
D. Adler

8.22 Computational Physics
(Revised Unit)

Prereq.: 8.04 or 8.211, 8.05
U (2)
2-2-8

Fundamental techniques of computational
physics are developed through solution of a
sequence of physics problems: semiclassical
quantization of molecular vibrations, order and
chaos in two-dimensional classical motion,
stationary and time-dependent solutions of the
Schroodinger equation, Bom and Elkonal ap-
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proximations to quantum scattering, Inversion
of electron scattering cross sections, solution
of the two-dimensional Poisson equation,
propagation of shock waves in one dimension,
and the two-dimensional Ising mode
J. W Negele

8.231J Physics of Solids I

(Same subject as 6.731J)
Prereq.: 6.018, 8.211 or 8.05
U (1)
4-0-8

First term of a sequence presenting basic con-
cepts of the quantum theory of solids. Empha-
sizes simple physical models. Topics: periodic
structure and symmetry of crystals; diffraction;
reciprocal lattice; chemical bonding; lattice dy-
namics, phonons, thermal properties; free
electron gas; nearly free electron approxima-
tion; tight binding approximation; semiconduc-
tors: electrons, holes, impurities; materials with
s, p, d, and f electrons. The second half of this
sequence, 8.500J, is listed among the gradu-
ate subjects.
R. J. Birgeneau, M. S. Dresselhaus

8.236 Topics in Quantum Theory of Matter

Preq.: 8.05
U (2) Next offered 1987-88
3-0-9
Introduces group theory and the quantum me-
chanics of atoms, molecules, and crystals.
Group representations. The full rotation group
and angular momentum. Addition of angular
momentum and the Clebsch-Gordan coeffi-
cients. Approximate atomic wave functions,
spin-orbit interaction, and hyperfine structure.
Molecular electronic wave functions. Normal
modes of vibration. Molecular rotation. Sym-
metry properties of crystals and the group of
the k-vector; Crystalline electric fields.
M. W. P. Strandberg

8.242 Quantum Electronics and Laser
Spectroscopy
Prereq.: 8.04 or 8.211
U (2)
3-1-8

Fundamental processes in lasers and their ap-
plications to studying physical properties of at-
oms and molecules. Interaction of classical
and quantum systems with electromagnetic ra-
diation. The physics of two-level atoms. Laser
oscillators. Techniques in nonlinear spectros-
copy, such as stimulated Raman effect, free
induction decay, optical nutation, photon
echoes and CARS. As part of the curriculum,
each student Is required to carry out a labora-
tory project. Familiarity with Maxwell's equa-
tions and the Schroedinger equation is
required.
M. S. Feld

8.243 Modern Optics

Prereq.: 8.03
U (1) SD Next offered 1987-88
3-0-9

Ray matrices, reflection and refraction at dielec-
tric interface. Fresnel equations, Gaussian
beams, optical resonators. Fiber optics. Prop-
agation in anisotropic media, optical activity,
electro-optics and magneto-optic effects. Prop-
agation in nonlinear media, effects of second-

and third-order nonlinear susceptibility. Inter-
ference, Michelson and Fabry-Perot interfer-
ometers, Fourier transform spectroscopy,
multi-layer films. Fraunhofer and Fresnel dif-
fraction. Diffraction gratings. Fourier optics,
spatial filtering, holography.
R. L. Aggarwal

8.263 Physics of Fluide

Prereq.: 8.03
U (1) SD Not to be offered 1967-88
3-0-9

Introduction to the physics of fluids. Emphasis
on phenomena rather than mathematics. Top-
ics: physical properties of liquids, gases, plas-
mas. Dynamics, waves, and turbulence.
K. U. Ingard

8.278 Nuclear and Particle Physics
Prereq.: 8.05
U (2) Next offered 1987-88
4-0-8

A modem view of the fundamental structure of
matter. Starting from a model that views
quarks" as basic building blocks of mesons
and baryons (protons, neutrons, hyperons),
the properties and Interactions of these parti-
cles are established. Quantum numbers and
multiplet structure of particle families. Nuclei
as multibaryon systems: stability, excited
states, fission and fusion processes. Nuclear
matter, neutron stars, and exotic forms of
matter.
J. L. Matthews

8.282 Introduction to Astrophysics and
Astronomy

Prereq.: -
U (2) SD
3-0-9

Quantitative introduction to physics of the gal-
axy and the universe as determined from a
variety of astronomical observations and from
cosmic ray and neutrino experiments. Topics:
the sun and "normal" stars, supemovae, pul-
sars, globular clusters, compact objects (white
dwarfs, neutron stars, black holes), optical and
X-ray stellar binary systems, Interstellar me-
dium and star formation, galaxies, quasars,
and cosmology. Prior knowledge of astronomy
not necessary. Not usable as a restricted elec-
tive by physics majors.
J. W Dreher

8.284 Modern Astrophysics

Prereq.: 8.04, 8.204, 8.05
U (1)
3-0-9
Applications of physics (Newtonian, statistical,
and quantum mechanics) to fundamental pro-
cesses which occur in celestial objects. In-
cludes main-sequence stars, collapsed stars
(white dwarfs, neutron stars and black holes),
pulsars, supemovae, the interstellar medium,
galaxies, and as time permits, active galaxies,
quasars and cosmology. Observational data
discussed. No prior knowledge of astronomy is
required.
H. Van Dom Bradt

8.28 The Early Universe
Prereq.: 18.03, 8.02
U (2) SD Next offered 1987-88
3-0-9
Introduction to modem 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 relatvty and the Doppler effect, Newton-
Ian cosmological models, Introduction to non-
Euclidean spaces, thermal radiation and early
history of the universe, big-bang nucleosyn-
thesis, introduction to grand unified theories
and other recent developments in particle the-
ory, baryogenesis, the inflationary universe
model, and the evolution of galactic structure.
A. H. Guth

8.287J Observational Techniques of
Optical Astronomy

(Same subject as 12.117J)
Prereq.: One subject in Astronomy or
Astrophysics
U (1) LAB
3-4-5

See description under subject 12.117J.
J. L. Elliot, L. M. French

8.291J Planetary Science I

(Same subject as 12.131J)
Prereq.: 8.03
U (1) SD
3-0-9

See description under subject 12.131J.
D. C. Jewitt, C. C. Counselman

8.292J Planetary Science Il

(Same subject as 12.132J)
Prereq.: 12.131J or 8.291J
U (2) SD
3-0-9

See description under subject 12.132J.
D. C. Jewtt, J. Wisdom

8.293J Dynamical Astronomy
(Same subject as 12.133J)
Prereq.: 18.03
U (2) SD
3-0-9

See description under subject 12.133J.
C. C. Counselman

8.299 Physics Teaching

Prereq.: -
U (1, 2)
Arr.

For qualified undergraduate students Inter-
ested In gaining some experience in teaching.
Laboratory, tutorial, or classroom teaching un-
der the supervision of a faculty member. Stu-
dents selected by Interview.
A. J. Lazarus

6. ThU Undergraduate Physics Thesis

Prereq.: -
U (1, 2, S)
Arr.

Program of undergraduate research leading to
the writing of an S.B. thesis; to be arranged by
the student under approved supervision.
M. W P. Strandberg
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Graduate Subjects

An atok () denotes subjects not
routinely offered but that can be given
when sufficient Interest Is Indicated.

General and Mathematical
Physics

8.312 Electromagnetic Theory (A)

Prereq.: 8.07
G (2)
4-0-8

Basic principles of electromagnetic theory:
Maxwell's equations; vector and scalar poten-
gtias; conservation laws, methods In electro-
and magnetostatics. Scattering and diffraction
of electromagnetic waves. Theory of special
relativity; covarlant formulation of Maxwell's
equations. Motion of relativistic particles in
electric and magnetic fields. Coillsione and en-
ergy loss. Cerenkov radiation. Radiation by
moving charges; synchrotron radiation.
Bremsstrahlung. Radiation damping; self-fields
of a particle.
K. Huang

8.321 Quantum Theory I (A)

Prereq.: 8.07
G (1)
4-0-8

8.322 Quantum Theory 1i (A)

Prereq.: 8.321
G (2)
4-0-8

A two-semester subject on quantum theory,
stressing principles: uncertainty relation, ob-
servables, sigenstates, elgenvalues, probabill-
tie of the results of measurement,
transformation theory, equations of motion,
constants of motion. Symmetry in quantum
mechanics, representations of symmetry
groups. Variational and perturbation approxi-
mations. Systems of identical particles and ap-
plications. Time-dependent perturbation
theory. Scattering theory: phase shifts, Bom
approximation. The quantum theory of radia-
ion. Second quantizadfo, qnd many-body
theory. Relativistic quantum mechanics of
one electron.
R. W Jackiw

I.32 RelativIstIc Quantum Plaid
Theory I (A)

Prereq.: 8.322
G (1)
4-0-8

8.324 Relatlviatic Quantum Fleld
Theory 11 (A)

Prereq.: 8.323
G (2)
4-0-8
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, can-
onical quantization, the Dirac field. Interacting
fields and perturbation theory, Feynman
graphs. Symmetries. Calculations In quantum
electrodynamics. Functional Integral formation
of gauge theories. Divergences, regularization,
and renormalization. Higher-order processes
in electrodynamics. Fundamental constituents
of matter: the standard models of elecroweak
and strong interaction. Non-abellan gauge the-
ories, spontaneous symmetry breakdown, the
Goldstone and Higgs mechanisms. The Wein-
berg-Salam theory. Renormalization.group.
K. A. Johnson

8.333 Statistical Mechanics I (A)

Prereq.: 8.321
G (1)
4-0-8

8.334 Statistical Mechanics 11 (A)

Prereq.: 8.333
G (2)
4-0-8

Thermodynamics: work and heat, temperature
and entropy. Basic postulates of statistical me-
chanics, classical and quantum mechanics.
Open systems: canonical and grand canonical
distributions and free energy minimum princi-
ple. Applications to real and model systems:
Fermi and Bose gasis, photon gas, lattice vi-
brations, Van der Waal gases. Fluctuation-dis-
sipation theorem. Monte Carlo methods. 6.334
a continuation of 8.333. Superfluidity. Elemen-
tary excitations in Bose and Fermi systems.
Broken symmetry and phase transitions: scal-
ing description and the application of the re-
normalization group to critical phenomena.
A. N. Barker

8.361 Quantum Theory of Many-Particle
Systems (A)

Prereq.: 8.322, 8.333
G (1) Not to be offered 1967-8
3-0-9

Introduces general many-body theory applica-
ble 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: elec-
tron-phonon interaction, instability of normal
state, BCS ground state, perturbation theory.
B. G. Kotiar
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6.381, 8.362 Selected Topics In Theoretal
Physics (A)*
Prereq.: Permission of Instructor
G (1,2)
3-0-9

Topics of current interest in theoretical phys-
Ics, varying from year to year. Information:
G. F. Koster.

8.391, 8.392 Special Problems In Graduate
Physics (A)

Prereq.: Permission of Instructor
G(1,2)
Arr.

Advanced problems in any area of experimen-
tal or theoretical physics, with assigned read-
ing and consultations.
G. F. Koster

8.399 Physics Teaching (A)

Prereq.: Permission of Instructor
Or(1, 2)
Arr.
For qualified graduate students interested in
gaining some experience in teaching. Labora-
tory, tutorial, or classroom teaching under the
supervision of a faculty member. Students se-
lected by interview.
G. F. Koster

Physics of Atoms, Radiation,
Solids, Fluids, and Plasmas

8.421 Atomic and Molecular Physics (A)
Prereq.: 8.05
G (1)
3-0-9

The interaction of radiation with atoms: reso-
nance; absorption, stimulated, and sponta-
neous emission; dressed atom formalism;
multiphoton processes; structure of simple at-
oms; interactions with strong electric and mag-
netic fields. Additional topics vary from year to
year: Lamb shift, atomic tests of basic theory,
measurements of the fundamental constants,
"cavity quantum electrodynamics," four-wave
mixing, coherence, atom-atom interaction,
atomic and molecular collisions.
0. E. Pritchard

8.432 Physics of Random Processes (A)

Prereq.: 8.05, 8.06
G (2) Not to be offered 198748
3-0-9

Mathematical description of random pro-
ceases; joint probability distributions, correla-
tion functions, and power spectra. Fluctuations
in discrete systems: shot noise, photon count-
ing. Fluctuations about thermal equilibrium:
space-time correlations of fluctuations of den-
sity, entropy, pressure, and their relations to
transport coefficients and dissipation con-
stants. Applications to properties and detection
of light extensively discussed, including princi-
ples of interference, spatial coherence, and
digital auto-correlation.
J. D. Ultster
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8.451 Eluments of Quantum Electronlos (A)
Prereq.: 8.05; 8.07
G (1) Next offred 1067-461
3-0-9

Introduction of dipolar Interaction of radiation
with matter, first In classIcal terms, followed by
treating the matter quantum mechanically, giv-
Ing a modem view of theory of radiation as
applied to lasers. Nonlinear processes leading
to laser master equations Introduced and their
consequences analyzed. Coherent Interaction
processes, pulse propagation, and Doppler-
free resonances treated. A review of high-en-
ergy lasers and the related topics presented.
Lecture demonstrations given.
A. Javan

8.481, 8.482 Selected Topics In Physics
of Atoms and Radiation (A)*
Preq.: 8.321
G (1, 2)
3-0-9

Presentation of topics of current interest with
content varying from year to year. Information:
G. F. Koster.

6.500W Physics of Solids I I(A)

(Same subject as 6.732J)
Prreq.: 6.730 or 6.731J or 8.231J
G (2)
4-0-8

See description under subject 6.732J.
M. S. Dresselhaus

8.511J Theory of Solids I (A)

(Same subject as 6.741J)
Prereq.: 8.231J
G(1)
3-0-9

First term of a theoretical treatment of the
physics of solids. Concept of elementary excl-
tations. Symmetry: translational, rotational,
and time-reversal invarlanoes: theory of repre-
sentations. Energy bands: APW, OPW, pseu-
dopotential and LCAO schemes. Survey of
electronic structure of metals, semilmetals,
semiconductors, and Insulators. Excitons. Crit-
ical points. Response functions. Interactions in
the electron gas.
J. 0. Joannopoula

8.512J Theory of Solids 11 (A)

(Same subject as 6.742J)
Prereq.: 8.511J
G (2)
3-0-9

See description under subject 6.742J.
J. D. Joannopoulos

.513J Application of Group Theory to the
Physics of Solids (A)

(Same subject as 6.734J)
Prereq.: 8.500J
G (1) Not to be offered 190748
3-0-9

See description under subject 6.734J.
M. S. Dresselhaus

8.632 Physics of Semiconductors (A)
Prereq.: 8.231J or 8.05
G (2)
3-0-9

Theoretical and experimental exposition of the
electrical, optical, and magnetic properties of
semiconductors. Topics: Energy bands, em-
phasizing I - 0 theory; cyclotron resonance;
magnetotransport; Interband and Intraband op-
tics, Impurity states; elementary excitations,
phonons, excitons, polarltons, plasmons, elec-
tron-hole drops; nonlinear spectroscopy, two-
photon absorption, Raman scattering; two-
dimensional systems, superlattices, quantum
wells, quantized Hall effect; physics of
devices, i.e., tunneling, electron transfer,
avalanche, lasers.
R. L. Aggarwal

8.562 Correlations and Critlcal Behavior
In Condensed Matter (A)

Prereq.: 8.511J, 8.333
0 (2) Next offered 1987-8
3-0-9

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 phenome-
nological to elucidate physical behavior with
minimal mathematical complexity. Uses con-
servation laws, broken symmetry, and the fluc-
tuation-dissipation theorem to illustrate the
Interconnection between apparently diverse
systems with special attention to behavior
near phase transitions.
R. J. Birgeneau

8.561, 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: G. F. Koster.

8.613J Introduction to Plasma Physics I (A)
(Same subject as 6.651J,0 22.41 1J)
Prereq.: 6.014 or 8.07; 6.018 or 8.044; 18.04
or 18.075
G (1)
3-0-9

Introduces plasma phenomena relevant to en-
ergy 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 equillb-
rium 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, K. Molvig, M. Porkolab

8.614J Introduction to Plasma
Physics 11(A)

(Same subject as 6.652J, 22.612J)
Prereq.: 6.651J or 8.813J or 22.611J, 18.079
G0(2)
3-0-9
See description under subject 22.612J.
A. Bere, R. C. Davidson, K. Molvig

8.821J Plasma Kinetic Theory (A)

(Same subject as 22.64J)
Prereq.: 8.613J
G (1)
3-0-9

Basic Physics of the wave-particle interaction
with emphasis on intuitive concepts. Linear-
ized Vlasov equation, quasilinear theory, Fok-
ker-Planck and diffusion approximations for
the average distribution function, resonant and
nonresonant diffusion, energy and momentum
conservation, free energy, application of quas-
Illnear theory to various physical problems of
current Interest.
T. H. Dupree

8.622J Advanced Topics in Plasma Kinetic
Theory (A)

(Same subject as 22.65J)
8.621J or 22.64J
G (2)
3-0-9

Vlasov, Louville, and Klimontovich equations,
hierarchy equations and correlation functions,
discrete particle effects, test particle model,
fluctuation-dissipation theorem, collision inte-
grals. Direct Interaction Approximation and
other renormalized theories, onset of stochas-
ticity, nonlinear dielectric functions, nonlinear
stabilization of linear Instabilities, resonance
broadening, mixing, clumps, mode couping,
solitons, BGK modes, nonlinear Instabilities.
T. H. Dupree

8.624 Waves, Instabilities, and Radio
Frequency Heating of Plasmas and
Nonlinear Effects (A)
Prereq.: 8.613J
G (2) Next offered 190748
3-0-9
Comprehensive theory of electromagnetic
waves in a magnetized plasma. Effects of fi-
nite temperature including linear mode-conver-
slon. Vlasov theory of waves and Instabilities
In a hot, magnetized plasma. Bemstein waves,
drift waves, gravitational modes, and loss-
cone modes. Electromagnetic waves in a hot
plasma, with applications to radio-frequency
heating of fusion plasmas (ECRH, ICRH,
LHH). RF current drive in tokamaks. Para-
metric Instabilities. Discusses relevant experi-
mental results.
M. Porkolab
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8.641 Physics of High Temperature
Plasmas I (A)
Prereq.: 8.813J
0 (1) Not to be offered 1967-46
3-0-9

56.42 Physics of High Temperature
Plasmas 11(A)
Prereq.: 8.613J
G (1) Next offered 198748
3-0-9

Basic concepts of plasmas, with temperatures
of thermonuclear Interest, relevant to fusion
research and to astrophysics. Microscopic
transport processes due to Inter-particle colli-
sions and to collective modes (e.g., microln-
stablilties). Relevant macroscopic transport
coefficients (electrical resistivity, thermal con-
ductivitles, particle "diffusion"). Runaway and
slide-away regimes. Magnetic reconnection
processes and their relevance to experimental
observations. Radiation emission from In-
homogeneous plasmas. Conditions for ther-
monuclear buming and Ignition (D-T and "ad-
vanced" fusion reactions, plasmas with polar-
irad nuclei). Role of "Impurity" nuclei. "Finite-
p" (pressure) regimes and ballooning modes.
Convective modes in configuration and veloc-
ity space. Trapped particle regimes. Nonlinear
and explosive instabilities. Interaction of posi-
tive and negative energy modes. Each subject
can be taken Independently.
B. Copp/

8.981, 6.62 Selected Topics In Fluid and
Plasma Physics (A)*

Prereq.: 8.613J
G (1, 2)
3-0-9
Presentation of topics of current Interest, with
content varying from year to year. Information:
G. F. Koster.

Nuclear and Particle Physics

8.710 Introduction to Nuclear Physic. (A)

Prereq.: 8.321
G0(2)
3-0-9
Introduction to nuclear phenomena; analysis of
the various modes of excitation, and associ-
ated degrees of freedom as revealed by a
broad range of experimental observation; ex-
perimental support for the shell model, and the
microscopic origin of Independent particle mo-
tion. Nuclear collective motion as manifest in
rotation and vibration; Giant Resonances. Me-
sonic degrees of freedom and their role In nu-
clear forces and electromagnetic currents.
Evidence for quark and gluon substructure In
high energy lepton scattering.
R. P. Redlwine

8.711 Nuclear Physics I (A)
(Revised Content and Unit)
Prereq.: 8.321, 8.710
G (1)
4-0-8

8.712 Nuclear Physics 11 (A)
(Revised Content and Unit)
Prereq.: 8.711
G (2)
4-0-8

Comprehensive course In experimental foun-
dations and theoretical understanding of nu-
C ar structure and reactions, emphasizing the
role of single nucleon, collective, mesonic, and
quark degrees of freedom. Substructure of nu-
clei and hadrons revealed by electromagnetic
probes. Nuclear shell model and hadron quark
model. Experimental studies of nuclear Inter-
actions, and theories based on mesons and
quarks. Mean field theory of nuclear structure,
collective motion, and dynamics. Reaction the-
ory and study of nuclear structure through
scattering of nucleons, nuclei, leptons and me-
sons. Introduction to relevant aspects of QCD.
Study of quark and gluon degrees of freedom
using deep Inelastic lepton scattering and rela-
tivistic heavy Ion collisions. Aspects of nuclear
astrophysics.
J. W Negele, J. Polonyl

8.731 Nuclear Physics Seminar (A)

.Prereq.: 8.322, 8.712
G (1, 2)
2-0-4
Advanced seminar on current topics. Short
presentations by both experimentalists and
theorists. Emphasis varies yearly. Typical top-
ics: ultrarelativistic heavy-Ion collisions; quark
models of nucleons, nuclei and nucleon-
nucleon Interaction; new observables In elec-
tron scattering using polarized beams, polar-
ized targets, and coincidence measurements;
recent experiments on relativistic nucleon-
nucleon scattering; developments In many-
body theory, Including functional Integral and
stochastic methods.
A. M. Bornstein, J. W Negele, R. P. Redwine

8.781, 8.782 Selected Topics In Nuclear
Theory (A)*
Prereq.: 8.751
G (1. 2)
3-0-9

Presents topics of current Interest In nuclear
structure and reaction theory, with content
varying from year to year. Information:
G. F. Koster.
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8.810 Particle Physics I (A)

Prereq.: 8.05, 8.321
0(2)
4-0-8

Introduces phenomenology of particle proper-
ties and Interactions, stressing experimental
results. Classification by quantum numbers.
Isospin concept, symmetries; conservation
laws. Particle detectors and techniques. Accel-
erators. Quark model, color symmetry, Dirac
equation, and QED. V-A theory. Conservation-
Violation; Parity, etc., experiments. K-mesons,
associated production, puzzles, mixing, re-
generation, CP-violation.
L. S. Osborne

8.811 Particle Physics 11 (A)

Prereq.: 8.810
G (1)
3-0-9

New experiments and data. New machines,
detectors, technologies; p-0 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.
L. S. Osborme

8.871, 8.872 Selected Topics In Theoretical
Particle Physics (A)*

Prereq.: 8.323
0 (1, 2)
3-0-9
Presents topics of current Interest In theoreti-
cal particle physics, with content varying from
year to year. Information: G. F. Koster.

8.881, 8.882 Selected Topics In
Experimental Particle Physics (A)*

Prereq.: 8.811
o (1, 2)

3-0-9
Presents topics of current Interest In experi-
mental particle physics, with content varying
from year to year. Information: G. F. Koster.

Space Physics and Astrophysics

8.910 Astrophysics (A)

Prereq.: 8.05, 8.08
G (2)
3-0-9

Size and time scales in astrophysics. Stellar
structure equations and survey of stellar evo-
lution. Degenerate stars and Interacting binary
stars. Radiative transfer, line formation, spec-
troscopy of Interstellar medium. The equilib-
rium of stellar systems and the distribution of
stars In our galaxy. Introduces cosmology.
Information: G. W. Clark.
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8.911 Astrophysical, Space, and Laboratory 6.922 Physics of the Galaxy (A)
Plasmas, Theoretical Poundations and Prereq.: 8.910

om iv Study (A) r(2) Not to be offered 1987-4
3-0-9

Prereq.: 8.07, 18.04, 18.302 or equivalent
G (1)
3-0-9

Part I: Fundamentals for plasmas on all
scales: Astrophysical, hellospheric, magnetos-
pheric, Ionospheric, and laboratory domains.
Phase space distributions, Boltzmann and VIa-
sov-Maxwell equations, Fokker-Planck approx-
Imation. Adiabatic Invariants, guiding center
motion, conservation laws, virial theorem, colli-
slon dominated plasmas, Onsager relations.
Part II: Approximations based on scales: MHD
approximation, closure problem and break-
down of differential fluid equations, discontinu-
Itles and shocks, fluctuations, linear waves,
elements of turbulence theory.
S. Olbert

8.913 Physics of Space Plasmas I (A)
Prereq.: Permission of instructor
G (2) Next offered 198748
3-0-9

8.914 Physics of Space Plasmas 11 (A)
Prere.: Permission of Instructor
G (2) Not to be offered 198748
3-0-9

For students Interested in space physics, as-
trophysics, and plasma physics In general.
Magnetospheres of rotating magnetized
planets, ordinary stars, neutron stars, and
black holes. Pulsar models: processes for
slowing down, particle acceleration, and radia-
tion emission; accreting plasmas and x-ray
stars; stellar winds; hellosphere 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, magnetotall, trapped particle effects);
relationship between gravitational (galactic)
plasmas and electromagnetic plasmas. 8.913
deals with hellospheric, 8.914 with extra-
hellospheric plasmas.
B. Copp

8.921 Stellar Structure and Evolution (A)

Prereq.: Permission of instructor
G (1) Next offered 1987-88
3-0-9

Observable stellar characteristics; overview of
observational Information. Principles underly-
Ing calculations of stellar structure. Physical
processes in stellar Interiors; properties of
matter 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. Jo

Observations of the distribution of stars, clus-
ters, gas, and dust In the galaxy. Theory of
the equilibrium of stellar systems: Vlasov
equation, Fokker-Planck equation, Jeans'
theorem and the third Integral. Introduces spi-
ral structure theory. Interstellar clouds, evolu-
tion of supernova envelopes, star formation,
and the energy budget of the Interstellar me-
dium. Permission of instructor required.
Information: J. Tonry.

8.923 High-Energy Astrophysics (A)

Prereq.: Permission of Instructor
(G (1) Not to be offered 196746t

-3-0-9

Observation and theory of high energy phe-
nomena in astrophysics. Reviews special
relativity. Synchrotron radiation. Compton pro-
cesses. Bremastrahlung radiation. Coherent
radiation processes. Radio pulsars. Cosmic
rays-origin, acceleration and confinement. Su-
pernovae. Shock waves. X-ray sources-
spherical and disk accretion, diffuse x-ray
emission. Quasars and Seyfert galaxies. Per-
mission of instructor required.
E. Bertshinger

8.942 Cosmology (A)

Prereq.: Permission of instructor
G (2) Next offered 1987-88
3-0-9

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.
information: G. W. Clark.

8.952 Particle Physics of the Early
Universe (A)
(New)

Prereq.: 8.323, 8.324
G (2) Not to be offered 1987-68
3-0-9
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
do Sitter space. Quantum origin of density
fluctuations In inflationary models,
A. Guth

8.982 General Relativity and
Gravitation (A)*
Prereq.: 8.07
G (1) Not to be offered 198748
3-0-9

Special relativistic electrodynamics and hydro-
dynamics. Principle of equivalence. Tensor
calculus for general coordinate systems. Rie-
mannian geometry. Gravitational field. Einstein
field equations. The Einstein action.
Schwarzschild solution. Solar system tests.
Gravitational radiation. Robertson-Walker met-
ric and cosmography. Standard cosmological
model. The early universe. Black holes.
J. Goldstone

6.981, 8.982 Selected Topics In
Astrophysics (A)*

Prereq.: Permission of Instructor
3(1,2)
3-0-9
Topics of current Interest, varying from year to
year. Information: G. F. Koster.

8.ThG Graduate Physics Thesis (A)

Prereq.: -
G(1, 2, S)
Arr.
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

Physics 75D



r

Brain and Cognitive Sclences9

$,UR Undergraduat Research
Prsreq.:-
U (1, 2, 8)
Arr.

Individual paillo in an ongoing research
project in brain science, experimental
ogy, and cognition. For students In the --dA Reserh Opportunities Program.
J. M. WlWbW

O,00 Introduction to Psychology
ProWe.: -
U (1) HASS
44
A survey of the science of human mental ifl
and behavior. Explores sensation, perception,

lann, memnory, th*idn, feeling, odton,
,. peroonaliY. us"s Psychological,

social, and biological data. Considers cultural,
poltical, and iterary inpact of psychology. Ex-
amine' controversies about mental Illness, 10,
-e roise, fairy tales and He detectors.
J. U. WOlfe

6.01 Neuroslenos and Behavior.
Prereq.: 9.00 or 0.62J
U (1)
34-9
Relation of strcture and function at various
levels of neuronal -Itgration. Topics Include:
functional neuroanstomy and neurophysiology,
motor systems, centrally W aramedbehav-
'or, sensory systems, , swap and
dreaming, motivation and reward, emotional
dieplays of various types, "higher funotions"
and the neocortax, and neural processes In
learing and memory. May be counted toward
Humanlies Requirement only by students
concentrating in Psychology; ss Department
for detais.
G. E. Schneider, E. Bazi, P. H. Schlr

*.014J The Humen Nervous System:
The Neurosolenee I (A)
(Same subject as 20.511J, HST 13W)
Prereq.: Permission of Instructor
Q (1)

See description under subject HST 130J.
A . OryIul, M. P. Alrande, E. Bl,
V. Chan-Palky, M. A. Moskowilf, R. A. North,
8. Palay, t. Shin, P. H. SohIller, H. R. Tyler,
R. S. Aillams, R. J. thrknan

9016J The Neuroaslenoes U (A)
(Same subject as 20.512J)
Prereq.: Permission of instructor
0 (2)
6-06
See descriptin under subject 20.512J.
R. J. truinan, M . oNee, 8. H. Cord,
R. MaKay, W G. Quinn, G. E. Shrneider

6.019 Top"os In Neuropsyohology (A)
Prereq.: Permission of Instructor
0 (2) Not to be oftee 16646

introduces current research on the effects of
brain disese on human behavior. Lectures by
neuropeychologlets, neurologists, and psychis-
trilts, emphaesiing specific neural mecha-
nisms underlying memory, attention, language,
perception, spa ablNe, motivation, and
emodon. Also includes hemispherlc specia1iz.-
ton and the role of neurotranemiters and hor-
mones In brain diseases. Some ltures
include demonstrations of behavioral testing
methods and presentaions of paients. Alter-
nate years.
S. H. Corwn, Guest Lectiurers

9.01 'TopIos in Brain and Behavior (A)_
Prereq.: Permission of instructor

(2) Next offered 1967-4

Detailed discussion of the neuroanatomy, neu-
rochemistry, neurophyslology, and neuropey-
chology of selected rein of the forebrain.
Seminar sessions in particpants take
turns leading class discussions on the read-
ings and presenting reports on special topics.
Occasional clinical demonstrations during the
term and a final test during the last class.
Altemnale years.
8. H. Clhi, A. M. Grayblel

9.022 Blochemical Neuroenatomy (A)
Prereq.: 9.014J
G (2) Nexts fee 166746
3--

Focuses on recent findings and functional
concepts dealing with neurotransm.tter sys-
tems in the central nervous system. Includes
lectures and seminar sessions in which stu-
dont paricipants take turns leading class dis-
cussions and presenting reports. Alternate
years. Permission of instructor required; HST
130 or equivalent is recommended.
A. M. Grayblsl

0.02= PrInaplee of Nsuronl Growth
r".: Pnnlilon of instructor

G(2) NN oed 1606
3-0-
Topics in neuroblology includ-
Ing neuronal o. at, ll Wielgee, inida-
tion of neuritic outgrowth, structure of growing
axons, theodee of ao guidance, growth fac-
tore and growth-ac== ed proteins, synpo-
genesis, role of sovity in formation of
connections, aberrant axonal growth and be-
havioral disorders, hormones an deveop
ment. Reqirnt Include redigs inrecn
literature, parpMion In class discussions,
and short reports. Allemale years.
G. E Sohnelder, 8. J~terl Guest Lectuers

0.096 The Visual System (A)
Prr Permision of instructor
G (1) oNeedt 196
3-0
Reviews the current neurophysiologlosl and
neuroanatomical research literature on the
mammallan visual system. Alternate years.
P. H. Schuler

0.06 Psychotechnology: Sclentiflo and
Ethicallissues in Behavior Control
Prereq.: -
U (1) HASS Next ofered 10B74
3-4
The behavior of animals - including human
beings - can be altered in various ways
thr the use of physical methode and

ceiagnts. Discusses biomediol and
peyohlsol I appr ochI to deiln-

quency, drug Z,"an other socil prob-
lems in terms of their alleged scientific bse
scope, power and limitaoins. Emphasizes
throughout questions bridging the traditional
gape between science, technology, and social

S. L. Chorover

9.051 Humen Nature and Sooloblology (A)
Prereq.: Permision of instructor
G (1) Next ofered 100748
3-4
Critical survey of attempts to account for hu-
man social behavior in terms of evolutionary
and psychobiological mechanisms. The
"nature ve nurture" controversy and Its
infuence from anclent times to the present.
Particular emphasls on motivaon, terrtorialty,

, compation, cooperation, eo. and
for ialossa-fare and

economic systems, conommy and
deviance, social stability and social change.

Rei nho"l and popular sources.

700



Brain and Cognitive Sciences7

9.06 Conflicting Images of Humanity
and Nature
(New
Prereq.: -
U (1) HASS
3-0-6
Nearly five billion, and growing, we humans
are straining the earth's natural resources to
an unprecedented degree. Ancient Images of
relations between humanity and nature were
overturned by the founding fathers of modem
science and technology who saw themselves
as detached from and in conflict with nature.
How does such Imagery relate to our current
environmental crisis? This question is consid-
ered in historical perspective and in light of re-
cent developments in physics, psychology,
ecology, and feminist theory.
S. L. Chorover

9.30 Animal Behavior

Prereq.: 9.00
U (1) HASS
3-0-6
Reviews basic concepts in the study of animal
behavior. Examines the natural history of se-
lected species (e.g., felids, canids, and ceph-
alopods). Contributions of environment and
heredity to the shaping of behavior. Inquires
into the contribution of behavior to meeting re-
quirements for individual and species survival.
Analyzes selected problems including animal
communication, navigation, sexual behavior,
aggression, defense, perception and learning.
A. Hein

9.35 Perceptual information Processing

Preq.: 9.00 or 9.62J
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, etc. How do the senses
work? How do physical stimuli get transduced
into signals 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: percep-
tion of color, motion, form and depth, Individ-
ual differences, and development.
R. Held

9.351 Human Vision (A)

Prereq.: 9.35
G (2) Not to be offered 1987-88
3-0-9

Covers major Issues and basic findings in the
study of human vision. Emphasis is on results
from psychophysical experimentation with
other material drawn from physiological and
computational approaches. Core course for
Course IX graduate students but open to un-
dergraduates with sufficient background. Alter-
nate years. Permission of instructor required
for students without 9.35 background.
J. M. Woife, R. Held

9.36 Natural Computation and Control
Prereq.: 9.35 or 9.62J, 18.02
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
representations are also included.
W A. Richards

9.362 Problems In Natural Computation (A)

Prereq.: Permission of Instructor
4 (1)
4-0-8
General survey of the field of Natural Compu-
tation is provided by 9.36 lectures, which stu-
dents are expected to attend and complete.
This basic material is supplemented by read-
ings and in-depth study of a particular prob-
lem. -Term paper required.
W A. Richards

9.363 Research in Natural Computation (A)

Prereq.: Permission of Instructor
G (1, 2, 5)
Arr.

Closely supervised research on a problem of
inferring a property of the world, given only
limited sensory data. Problems may be cho-
sen from the fields of vision, audition, or force
sensing (touch). The use of constraint in the
Inference process is stressed, as well as the
exclusion of false inferences.
W A. Richards

9.366 Computer Graphics and Vision

Prereq.: 4.241 or 9.36
3 (2)
3-0-6
The generation of realistic images requires
knowledge of three areas: human visual pro-
cessing, physical optics, and the power and
limitations of graphics displays. Exploration of
how these three areas interact in the design of
realistic scenes and surfaces. Includes anti-
allasing, tiling, solid-modeling, shading, ray-
tracing, color, texture, motion blur, and anima-
tion. Surfaces of particular interest are clouds,
water, rocks (fractals), and trees. For graduate
"A" credit, register in 9.363.
W A. Richards, B. M. Dawson

9.370 Control of Movement in Biological
and Robotic Systems (A)

Prereq.: Permission of Instructor
G (1) Next offered 1987-88
3-0-6

Synthesizes recent approaches toward motor
control In the fields of neurophysiology, artifi-
cial intelligence, and systems theory. Topics:
understanding the physical plant in biological
and artificial systems. Kinematics, statics, dy-
namics. Actuators and effectors. Control of un-

constrained movements: open loop control
and trajectory determination. Feedback control
and reflexes. Control of constrained move-
ments: handwriting, manipulation, and locomo-
tion. Alternate years.
J. Hollerbach, E. Bizzi

9.372 Movement: Mechanisms and
Models (A)

Prereq.: 9.370
G (1) Not to be offered 1987-88
3-0-6

Research seminar directed at surveying basic
concepts and methods in the study of the ver-
tebrate motor system. Reviews current investi-
gations on neural Integration in movement
control emphasizing spinal cord, cerebellar
and cortical mechanisms; arm trajectory for-
mation, physiology, and biomechanice; eye-
head and eye-hand coordination; manipula-
tion. Permission of instructor required for stu-
dents without 9.370 backaround. Altemate
years.
J. Hollerbach, E. Bilzzi

9.380 Visual Information Processing: from
Computational Theory to Neuronal
Mechanisms (A)

Prereq.: Permission of Instructor
G (2)
3-0-6

Study of biological vision from the perspec-
tives of computation, psychophysics, neurosci-
once, and biophysics, within the framework of
information processing. Examines algorithms
for solving vision problems; neuronal and blo-
physical models of visual computations; and
the use of psychophysical and physiological
data to test and modify computational models.
includes: photometry, edge detection, motion,
stereo, regularization theory, neuronal models,
and biophysical mechanisms.
T. A. Poggo, S. Ullman, C. Koch, E. Hildreth

9.382 Seminar on Visual Information
Processing (A)

Prereq.: Permission of Instructor
G (1, 2)
3-0-6

Discusses various computational problems in
machine vision and biological vision. Topics:
edge detection, stereo vision, analysis of time-
varying images, surface Interpolation, visual
recognition, hardware for computer vision, and
biological mechanisms of vision. Centers
around ongoing work by participants and pre-
sentations by them.
T. A. Pogglo, S. Ullman

9.39J Human Factors in Design

(Same subject as 2.18J, 22.088J)
Prereq.: Permission of Instructor
U (2)
3-1-8

See description under subject 2.18J.
A. Hein, T. B. Sheridan, D. D. Lanning
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9.401 Survey of Cognitive Psychology
Prereq.: Permission of instructor
G (2)
4-0-8

Survey of theories, methods, and findings in
cognitive psycho y. Includes pattern recog-
nition, imagery a mental codes, memory
and attention, and language comprehension
and production.
M. F. Gaett, S. E. Carey, S. Pinker,
M. C. Potter

9.50 Research in Psychology
Prereq.: 9.00 or 9.62J or 9.90; and one other
subject in Course IX
U (1, 2, 5) LAB
2-8-2

Laboratory research in the areas of percep-
tion, leaming, memory, and development.
Each student carries out an experimental
study in one of these areas under the direction
of a member of the faculty. Project must be
approved in advance by facuity supervisor and
P. H. Schiller. Wdtten presentation of results is
required. Consult P. H. Schiller.

9.69 Psychology of Language and
Communication
Proneq.: 9.62J or 24.900J
U (1) HASS
3-0-6

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. Stream methodological prob-
lems in psycholinguistic experimentation.
M. F. Garrett

9.591 Seminar in Psychology of Language
and Communloation I (A)
Prereq.: 9.59 or 9.901
G (1) Next offered 1967-4
3_"
Reads, discusses, and criticizes selected top-
ics. Emphasizes one or more of the following
themes in a particular term: theories of lan-
guage, speech perception, communication In
sub-human species, aphasia, language acqui-
sition, language and thought, Interaction be-
tween grammatical structure and verbal
performance. Permission of instructor required
for students without 9.59 or 9.901 background.
Alternate years.
M. F. Garrett

9.692 SemInar In Psychology of Language
and Communloation 11 (A)
Prereq.: Permission of Instructor
0(2) Not to be offered 1907-88

Advanced topics in psycholinguistics, empha-
sizing current studies of language production
and language disorders. A research paper re-
quired as part of this subject. Altemate years.
M. F. Garrett

9.601 Seminar on Language
Acquisition (A)
Prereq.: Permission of Instructor
G (2) Next offered 198748
3-0-6

Reading and discussion of current theory and
data concerning language acquisition. Empha-
sizes learning of syntax and morphology, and
especially research relating syntactic theory
and leamability theory to empirical studies of
children's linguistic abilities. Alternate years.
S. Pinker

9.605 Seminar on Spatial Cognition (A)

Prereq.: Permission of Instructor
G (1) Not to be offered 198748
3-0-6

Reading and discussion on current theory and
data relevant to cognition. Topics include vi-
sual information processing, attention, mental
Imagery, shape recognition, face recognition,
reasoning, concepts, and language. Studies
from experimental psychology, human neuro-
psychology, and artificial Intelligence are dis-
cussed. Altemate years.
S. Pinker, S. E. Carey, M. C. Potter

9.62J Introduction to Cognitive Science

(Same subject as 24.116J)
Prereq.: -
U (1) HASS
3-0-9

Surveys major Issues that occupy contempo-
rary cognitive science. Topics: Induction and
inductive logics as psychological theories; for-
mal learning theory in linguistics; Is English a
finite state language?; deduction and deduc-
tive logics as psychological theories; concepts
and conceptual composition; the problem of
natural concepts; Images and percepts. Em-
phasizes clear formulation of questions and
theoretical criteria of adequacy. Examines
specific proposals in response to these
questions.
D. N. Oeherson

9.63 Laboratory In Cognitive Science

Prereq.: 9.62J or 24.116J
U (2) LAB
0-6-6

Students conduct a set of demonstration ex-
periments on human perception, memory, lan-
guage comprehension, and imagery. These
emphasize individual student solutions to de-
sign and analysis problems. In the final phase
of the course, students perform an experiment
of their own design on one of these topics. All
experiments are run on-line in a computer-
based lab. Enrollment limited.
S. Pinker, M. F. Gerrett

9.632 Theory of Machine Inductive
Infereno
Prereq. : 9.62J
G (1)
3-0-9

Introduces the mathematical theory of induc-
tive inference and learning. Applications to
machine learning. Rigorous development of
automata-theoretic models and general limita-
tion results.
D. N. Osherson

9.641 Cognitive and Language
Development (A)

Prereq.: 9.62J or 24.116J
G (1) Next offered 1987-88
3-0-6

introduction at an advanced level to the devel-
opment of language and cognition in the child.
Emphasis on connections between develop-
mental psychology and cognitive psychology,
linguistic theory, and history and philosophy of
science. Combines survey lectures on each
topic with seminar discussions of contempo-
rary research. Permission of instructor re-
quired in addition to 9.62J or 24.1 16J.
Alternate years.
S. E. Carey, S. Pinker

9.65 Cognitive Processes

Prereq.: -
U (2) HASS
3-0-6

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.
M. C. Potter

9.671J Problems of Mental
Representation (A)

(Same subject as 24.51 8J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 24.518J.
N. Block

9.68 Affect: Biological, Psychological, and
Social Aspects of "Feelings"

Prereq.: 9.00
U (2) HASS
3-0-6
What is affect? This seminar addresses this
question in an effort to make an important as-
pect of human experience comprehensible.
Considers the nature of affect and traces both
its development within the Individual human
being and its connections with various cogni-
tive and behavioral variables. Reviews some
relevant features of brain organization. Exam-
Ines some familiar aspects of human culture to
determine the extent to which they.may prop-
erly be regarded as socially organized coun-
terparts of Individual feelings.
S. L. Chorover

9.70 Social Psychology
Prereq.: -
U (2) HASS
3-0-6

Examines the basic processes by which peo-
ple interact with, perceive, and make judg-
ments of others, influence each other and
develop social beliefs and values, In the con-
text of small and large groups and societies.
S. L. Chorover
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9.7J6 Psychology of Gender
(Same subject as SP 46W)
Prereq.: -
U (2) HASS Next oflered 1987-4
3-0-6

9.751J Psychology of Gender
(Same subject as SP 481J)
Pro .: Permission of Instructor
G (2) Next offered 198748
3-0-6

Examines evidence (and lack thereof) for dif-
forences In the ways in which 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 dif-
ferences in personality (aggression, capacity
for Intimacy) and in cognitive abilities (spatial
and verbal skills); mechanisms of gender de-
velopment (biological, psychoanalytic, social,
cognitive); role of gender In differences in con-
ceptualization of the world. Alternate years.
S. E. Carey

9.89 Development of Behavior
Prereq.: 9.00 or 9.62J
U (2) HASS
3-0-6

History of the changing concepts of infancy,
childhood and development. Interaction of in-
nate and experiential factors In the develop-
ment of leaming capacities, perception, sdo!!
behavior and motor patterns in both animals
and humans. Implications of evolution, ge-
netics, embryology and early experience for
the ontogeny of behavior.
A. Hein

9.90 Human Development: Individual and
Social Perspectives
Prereq.: -
U (2) HASS
3-0-6

Examines psychological processes and struc-
tures from a developmental perspective. As-
pects of sensorimotor, perceptual, cognitive,
social and personality development are traced
from Infancy to adulthood. Focuses on the ac-
curate description of what changes with age
and of the respective roles of nature and nur-
ture In determining the child's course of
development.
D. N. Osherson

9.901 Proseminer In Psychology (A)

Prereq.: Permission of Instructor
G (1)
6-0-8

General introduction to graduate work in psy-
chology and brain science, to be taken in con-
junction with other, more specialized subjects
depending upon student's background and in-
terests. Restricted to Course IX graduate stu-
dents. Consult E. Bizzi.

9.91, 9.92 Topics in Psychology
Prereq.: 9.00 or 9.82J and any other two
subjects In Psychology
U (1, 2)
Arr.

Individual research or study of a special topic
under the direction of a member of the faculty.
Consult S. E. Carey.

9.911-9.916 Special Topics in
Psychology (A)
Prereq.: Permission of instructor
G (1, 2, S)
Arr.
Opportunity for graduate study of advanced
subjects In psychology not Included in other
subject listings. Programs subject to approval,
of professor in charge. Consult M. F. Garrett.

9.921 Research in Psychology (A)
Prereq.: 9.901

Arr.

9.922 Research In Psychology (A)

Prereq.: 9.901
G (2)
Arr.

9.923 Research in Psychology (A)
Prereq.: 9.901
G (S)
Arr.

Guided research under the sponsorship of in-
dividual members of the faculty. Ordinarily re-
stricted to candidates for the doctoral degree
in Course IX. Consult M. F. Garrett.

9.931 Research Reports (A)

Prereq.: 9.901
G (1)
0-0-6

9.932 Research Reports (A)

Prereq.: 9.901
G (2)
0-0-6

9.933 Research Reports (A)

Prereq.: 9.901
G (S)
0-0-6

Graduate students submit written reports of
their research efforts according to the depart-
ment's stated deadlines. Grade for this subject
is the grade assigned by readers of the paper
or committee members in the case of thesis
proposals. Registration Is mandatory for grad-
uate students in fall term of second and third
year and in term when thesis proposal is to be
submitted. Restricted to candidates for doc-
toral degree in Course IX. Consult M. F.
Garrett.
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10.UR Undergraduate Reeasroh
prows.: -
U (1, 2)
Arr.
Opportunity for participation in the work of a
research group or for special Investigation In a
particular field. Topic and hours to fit Individual
requirements.
C. M. Mohr

10.ThU Undergraduate Thesis
Prore.: -
U (1, 2, 8)
Arr.
Program of undergraduate research leading to
the writing of a S.8. thesis; to be arranged by
the student and appropriate MIT faculty
member.
C. M. Mohr

10.01 Engineering Concepts and Computer
Methods
Prore.: -
U (1,2)
2-8-2

Use of examples from chemical and biochemi-
cal engineering to convey concepts and meth-
ode. Simultaneously, students are Introduced
to the tools of an advanced computer environ-
ment on Athena. Examples include an over-
view of the chemical Industries, balances and
stoichiometry, rate phenomena and equilibria,
synthesis and simulations. Computer tools
used, among others, are text and picture cre-
ation and manipulation, symbolic manipulation,
data base management, and numercal
programming.
L.. . Evans, M. A. Kramer, C. M. Mohr,
U. W Suter

10.11 Computer Models of Physical and
Engineering Systems
Prereq.: 18.02, 8.01
U (2) SD '
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyam Sunder

10.13 ChemIcal Engineering
Thermodynamics I
(Reviesd Content)
Prereq.: 18.02
U (1) SD
4

Basic concepts of thermodynamics. First, soo-
ond, and third laws. Theoretical development
with applications to open and cloeed systems.
ConceptS of energy, entropy, equilibrium, and
reversibity. Introduction to properties of mix-
tures including colligative properties, chemical
reaction equlPtdum and phase equilibrium.
C. M. Mohr

10.14 Chemical Engineering
Thermodynamics |1
(Revised Content) . _

Prereq.: 10.01, 10.13
U (2)
3-0-6
Extension of 10.13, intended primarily for
chemical engineering majors. Thermody-
namics of multi-component systems. Further
discussion of the molecular basis of thermody-
namics; quantum mechanical principles, spec-
troscopy, structure and thermodynamic
properties. Applications to open system pro-
cesses; power cycles, refrigeration, prime
movers.
C. M. Mohr, H. H. Sawin

10.19 Experimental Methods in Combustion
and Hest Transfer
Prereq.: 10.302, 10.37
U (2) Next offred 1987-88
2-8-2

Students receive Instructions on methods of
measurements of temperatures and radiative
heat transfer, in high temperature reacting
systems, on collection and analyses of repre-
sentative gas and solid samples, measure-
ment of gas and particulate velocities and in
general, the characterization of particulate
clouds and fuel sprays. Working in small
teams students are assigned projects prefera-
bly relating to ongoing research programs.
Enrollment limited. Permission of instructor
required.
J. M. Bedr

10.21 Structures and Properties of Matter
Proreq.: 5.11, 5.62
U (1)
3-0-

Atomic and molecular Interactions and their
importance in determining physical and chemi-
cal properties of matter. Dielectric properties
of materals. Description of physical and spe-
clfc chemical Intermolecular forces, including
hydrogen bonds. Bulk and Interfacial proper-
ties of pure and mixed gases and liquids.
Techniques for characterizing molecular struc-
ture and for predicting properties of matter.
U. W Suter, C. K. Colton

10.24 Principles, Processes, and Synthesis
in Industrial Chemistry (A)
Prereq.: 10.37, 10.32
G (2)
3-0-

Studying factors determining flowsheets,
equipment design, internal interactions in
plants for producing industrial chemicals. Cas
studies for variety of organic/norganic chemi-
cals used to demonstrate application of engi-
neering principles in analysis and synthesis of
process flowsheets. Examples Illustrate Im-
pacts of raw material availability, reactor de-
sign developments, now process chemistry,
and process economics. Extensive problem
work on influence of stolchiometry, energy re-
quirements, kinetics, and transfer processes.
M. P. Manning

10.25 industrial Chemistry and Chemical
Prooeso Pathways (A)
Prereq.: 5.11, 10.14, 10.37
GO1)
3-0-6

Chemical and engineering principles involved
In creation and operation of viable industrial
processes. Topics: analysis of process chem-
Istry by p-pathways (i.e., radical, Ionic, and
pericyclic reactions of organic syntheses) and
d-pathways (i.e., catalysis by transition metal
complexes). Use Wt reaction mechanisms for
Inference of co-product formation, kinetics,
and equilibria: proess synthesis logic related
to reaction selectivity, recycle, separations. Il-
lustrations drawn from current and contem-
plated commercial practice.
P. S. Virk
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10.2 ChemIcal Enginwring Laboratory
Prereq.: 5.11, 10.14,10.302, 10.37
U (1)
24-2

Laboratory projects In the areas of applied
chemical research and unit operations. Em-
phasizes applIcations of engineering concepts
and fundamentals to solution of practical and
research problems. Training In planning re-
search projects, execution of experimental
work, and articulation (both oral and written) of
the research plan and results In the areas of
applied chemical technology and engineering
operations related to mass, momentum, and
heat transfer.
R. F. Beddour, D. J. Goldsteln, M. P. Manning

10.27 ChemIcal Engineering Prooesses
Laboratory
Prereq.: 10.13, 10.14, 10.301
U (2)
1-8-3

Introduces practical chemical engineering op-
erations through hands-on experience with
representative pilot-scale equipment and pro-
cesses. Intended to provide Instruction In the
art of experimentation and data analysis and
to reinforce theoretical background gained
during formal classroom tutoring by providing
practical appreciation for operational charac-
tedstics of different processes. Some empha-
sis given to developing oral and written
communication skills.
D. J. Goldstein, T. A. Hatton, M. P. Manning

10.28J Multivarlable Control Systems I (A)

(Same subject as 2.154J, 6.233J, 13.47J,
18.341 J)
Prereq.: 10.35 or 2.14 or 6.302 or 16.30
G(1)
4-0-8

See description under subject 6.233J.
Goo. Stephanopoulos, M. Athens, J. K. Had-
tick, M. S. Trantafyflou, 9. K. Walker

10.20J Multivariable Control Systems 11 (A)

(Same subject as 2.155J, 6.234J, 13.48J,
16.342J)
Prereq.: 10.28J
G (2)

See description under subject 6.234J.
Geo. Stephanopouloe, M. Athens, J. K. Had-
rick, M. S. Trientalyllou, L. Velevani

10.301 Fluid Mechanics

Prereq.: 18.03
U (1)
3-0-

Introduces the mechanical principles govem-
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 velume analysis. Mechanl-
cal energy balances and Bemoulli's equation.
Dimensional analysis and dynamic similarity.
Introduces boundary layer theory and
turbulence.
J. M. Bdr

10.302 Transport Proosses
Preraq.: 10.13,10.301
U (2)
3-0-8

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.
Greg Stephanopoulos

10.32 Separation Processes
(Revised Content)
Prereq.: 10.14, 10.302
U (1)
3-0-6
General principles of separation by equilibrium
and rate processes. Staged cascades. Appli-
cations to distillation, absorption, adsorption
and membrane processes. Phase equilibria
and role of diffusion.
C. M. Mohr

10.33 Analytical Treatment of Chemical
Engineering Prooseses (A)
(Revised Content)
Prereq.: 10.301, 18.03
O (1)
3-0-6
Introduction to mathematical techniques for
handling transport and rate problems basic to
most chemical engineering processes. Polyad-
los, tensors, and curvilinear coordinate sys-
tems. First and second order partial differential
equations arising In physical applications. So-
lution by various analytical techniques Includ-
ing separation of variables and Integral
transforms. Approximate solutions by pertur-
bation methods.
H. Brenner

10.331 NonlInear Analysis In Chemical
Engineering
Prereq.: 10.33
G (2)
3-0-6

Emphasizes both classical and modem meth-
ods for analyzing nonlinear ordinary and par-
tial differential equations arising in reaction
engineering and transport phenomena. Topics:
elementary stability theory and bifurcation
analysis of steady states; Introduction to time
periodic phenomena; numerical methods for
tracking multiple-steady and time-periodic
states.
R. A. Brown

10.34 Numerical Methods Applied to
Chemical Engineering (A)
Prereq.: 10.33
G (2)
3-0-
Numerical methods for solving problems ads-
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-

element methods for elliptic and parabolic par-
tial differential equations. All methods pre-
sented In context of problems arising In
transport phenomena. Lectures and assign-
ments assume knowledge of FORTRAN.
R. A. Brown

10.341 FInite Element Methods for
Problems In Transport Phenomena (A)
Prereq.: 10.34
0 (2) Next offered 1907-68
3-0-

Advanced methods for solving problems In
fluid mechanics and heat and mass.transfer.
Emphasis on efficient techniques for handling
highly irregular boundades, nonlineartles,
complicated boundary conditions, and singu-
larities. Variational, Galerkin, and collocation
schemes discussed.
R. A. Brown

10.35 Chemical Procees Dynamics and
Control (A)
Prereq.: 10.37, 18.03
G (2)
3-0-6

Introduces incentives and methods of chemi-
cal process control. Dynamic behavior of
chemical reactors, separation units, heat ex-
changers. Model linearization and stability
analysis. Design of simple PID comrollers.
Cascade, feedforward, and adaptive control.
Introduction to multivariate control systems.
Design of control systems for complete plants.
Digital computer control.
M. A. Kremer

10.36 Process Design
Prereq.: 10.302, 10.32
U (2)
3-0-6

Presents and discutses real process design
problems, with case studies In chemical pro-
cessing and petrochemicals. Emphasizes con-
ception and invention of processes, as well as
analysis and economic balances, to specify
optimum design and operating conditions. Dis-
cusses a variety of cases throughout the term.
Goo. Stephenopoulos

10.37 Chemical Kinetics and Reactor
Design
Prereq.: 10.13, 10.301
U (2)
3-0-

Introduces design of commercial chemical re-
actors emphasizing synthesis of chemical ki-
notics, transport phenomena. Topics: Kinetics
and Equilibrium - elementary steps, transition
state theory, multi-step reactions and multiple
paths, network algebra. Ideal Reactors -
batch, plug flow, well-stirred; residence time
distributions. Transport in Reactors - heat
and mms transfer, diffusion to and within cat-
alyst particles. Reactor design - role of reao-
tion pathway and thermochemistry; reactor
size; modeling of performance.
P. S. Wrk
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10.38 Analysis and Simulation of Chemical
Procesaing yetems (A)
Prereq.: 10.302, 18.03
G (2)
2-2-4

Introduces techniques for computer-alded
analysis of chemical processing systems. De-
velopment of mathematical models to describe
dynamic and steady-state process behavior.
Numerical methods for solving resulting sys-
tems of nonlinear differential and optimization
problems. Numerical techniques for solving
the resulting nonlinear programming problems.
Students aln experience in solving case
study problems on the computer.
L. B. Evans

10.381 Computer-Alded Process
Design (A)
Prsreq.: 10.302, 10.32
0 (1)
2-0-7

Use of the computer for steady-state process
simulation and design with the aid of the
ASPEN software system. Modeling the flow-
sheet, selection of thermophysical property
models, use of data regression to fit constants
In models, unit operation models, development
of specialized models for chemical reactors,
cost estimation, and economic evaluation.
Techniques for convergence of recycle
streams and design specifications. Students
gain experience in the use of ASPEN to solve
case study problems.
L. B. Evans

10.362 Synthesis and Design of Chemical
Processing Systems (A)
Prereq.: 10.302, 10.32
G (1) Next offered 1987-88
3-0-6

Unifying approach to synthesis and design of
optimal process flowsheets. Selection of opti-
mum chemical reaction route. Generation of
altemative processing schemes and prelimi-
nary evaluation of process designs. Synthesis
of optimal reactor networks, energy manage-
ment systems, and separation sequences.
Process design and its impact on process op-
erability and controllability. Plant flexibility and
resilience. Reliability analysis and design of
safety systems for a chemical plant.
Geo. Stephanopoulos

10.39 Energy Technology (A)
Prdreq.: 10.13, 10.14
0 (2)
3-0-4
Studies the factors determining the choice of
energy technologies and their individual de-
sign and performance features. Considers en-
ergy supply-demand pattems, economics,
efficiency of resource utilization, and environ-
mental and social effects. Gives special em-
phasis to synthetic fuel systems and to
utilization-related energy technologies. Special
subjects such as fuel cells, solar energy, and
geothermal energy can be studied and pre-
sented as term paper topics. Open to under-
graduates by permission of instructor.
J. B. Howard, J. P. Longwell

10.40 Chemical En insering
Theirmodynamlos"(1) _
Prereq.: 10.13
G(1,2)
4-0-8

Basic postulates of classical thermodynamics.
Application to transient open and closed sys-
tems. Criteria of stability and equilibria. Ther-
modynamic properties of pure materials and
mixtures with some discussion of estimation
and correlating techniques. Phase and chemi-
cal equilibria. Applications emphasized
through extensive problem work relating to
practical cases.
J. W Tester

10.42 Advanced Thermodynamlcs (A)
Prereq.: 10.40
G (2)
2-0-6

Equilibrium and stability concepts examined in
depth for multicomponent, multiphase sys-
tems. Equations of state for pure components
and mixtures, electrolytes and non-electro-
tytes. Surface thermodynamics, equilibrium In
body force fields, Irreversible and statistical
thermodynamics comprise other topics.
J. W Tester

10.48J Gas-Solid Reactions (A)

(Same subject as 3.551 J)
Prereq.: 3.55, 10.50
0 (2) Next offered 1987-55
3-0-6

See description under subject 3.551J.
J. Szeksly

10.49J Biomedical Transport
Phenomena (A)
(Same subject as HST 521J)
Prereq.: 10.301, 10.302
G (2)
2-0-5
Applies the principles of transport phenomena
to the analysis of selected physiological pro-
cesses and the design of artificial Internal or-
gans and extracorporeal devices. Reviews
pertinent physiological principles. Rheology of
blood. Convective and diffusIve mam 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, M. L. Yarmush

10.50 Hest and Mass Transfer (A)

Prereq.: 10.302
0 (1, 2)
4-0-8

Analyzes diffusive and convective transport of
heat and mass. Exact and approximate analyt-
ical solutions to steady-state and transient dif-
fusion or conduction problems. Fundamentals
of momentum transfer. Forced and free con-
vection of heat and mass in laminar flow, In-
cluding laminar boundary layers. Heat and
mass transfer in turbulent fluids. Simultaneous
heat and mass transfer in problems with
phase changes or chemical reactions.
R. C. Armstrong, R. A. Brown, W M. L.ten

10.51 Macromolecular Hydrodynamic. (A)
Prereq.: 10.301
G (1)
3-0-6

Observed phenomena In polymeric flow sys-
tems. Techniques of viscometry and visco-
elastic measurements for polymeric fluids.
Rheological models. Continuum theories. Mo-
lecular theories of polymeric fluids. Analytical
solutions to flow problems; non-Newtonian vis-
cosity, linear viscoelasticity, normal stresses,
recoll, stress relaxation, etc.
R. C. Armstrong

10.515 Structural Theories of Polymer Fluid
Mechanics (A)
Prereq.: 10.301
G (1) Next offered 111174611
3-0-6

Structural and molecular models for polymeric
liquids. Non-equilibrium properties are empha-
sized. Elementary Kinetic theory of polymer
solutions. General phase space kinetic for pol-
ymer melts and solutions. Network theories.
Interrelations between structure and rheologi-
cal properties.
R. C. Armstrong

10.52 Mechanls of Fluids (A)

Prereq.: 10.50
G (2)
3-0-6

Advanced course In fluid and continuum me-
chanics. Content may vary, drawing from such
topics as low Reynolds number hydrodynam-
le, Brownian motion, suspension mechanics,
flow In porous media, multiphase/particulate
flow, ideal fluid theory, laminar boundary-layer
theory, stability theory, and turbulence.
H. Brenner

10.53J Physicochemical
Hydrodynamlos (A)
(New)

(Same subject as 2.272J)
Prereq.: 10.50, 2.25
G0(1)
3-0-9
See description under 2.272J.
R. F. Probsteln, H. Brenner

10.54 Advanced Topics In Heat and Ms"
Transfer: Macrotransport Processes (A)
Prereq.: 10.50
G (2)
3-0-6

Generalized Taylor dispersion theory applied
to chromatographic separation processes, flow
in porous media, transport properties of mac-
romolecular solutions, and generic analyses of
heterogeneous systems, Including adsorption
phenomena and chemically reactive continua.
H. Brenner
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10.66 Coll id Surfatant Solence (A)
(NeW)
Prereq.: Permission of Instructor
G (1)
3-04.
Introduction to theory and applications of col-
oil diaperuions and surfactant science.
Monolaer adsorption at Interfaces, electrical
double layers, dispersion forces, eleotroklnetlo
phenomena, and stabilization of dispersions.
Chemistry, structure and classification of sur-
factants, crical micelle concentrations, micel-
lar solubilization, and catalysis. Detergency
and weting phenomena. Emulsion technology
and applications.
T. A. Haion

10.56J Slotechnology of Mammalian Cells
(New)
(Same subject as 7.52J, 20.803J)
Prereq.: 7.03 or 7.05, 5.60 or 10.13
U (2)
4-0-8

Biolgical and blcengineerlng principles for uti-
lizton of cultured animal cells and their pro-
tein products: poet-translatIonall processing
and secretion of proteins; gene cloning and
expression In mammalian cells; physiology of
cell growth and in vitro cultivation; bioreactor
design; protein recovery and purification; alter-
natives to mammalian cell culture; federal reg-
ulatory Issues; marketing and business
planning; and Issues In patents and laws.
H. F. Lodish, A. J. Sinskey, D. I. C. Wang

10.566 Separation Proosses for
Blochemical Products (A)

Prereq.: -
G (1)
3-0-6
introduces the fundamental problems of sepa-
ration operations Important to the recovery of
products from biological processes. Biotech-
nology Is placing new demands on chemical
engineers to separate both large and small
molecule weight molecules from aqueous me-
dia. Lectures cover membrane filtration, chro-
matography, centrifugation, electrochemical
separation.
C. L. Cooney, C. K. Colton

10.57J Modeling of Biological Systems (A)

(Same subject as 20.802J)
Prereq.: Permission of Instructor
G (2)
3-0-6

Analytical (mathematical) descriptions of Inter-
esting biological mechanisms, systems, and
processes. Examples covering the entire
spectrum from simple biological reactions to
intricate networks of metabolic pathways, to
whole-cell metabolism, to pure and mixed
population dynamics and stability, to full blo-
reactor models considered. Emphasis focused
on the accurate mathematical representation
of biological reality and, hence, the correct
problem definition for the purpose of organiz-
ing existing knowledge, enhancing system un-
derstanding, Identification, and control.
Greg Stephanopoulos, A. J. Sinskey

Biochemical Engineering

10.66 Structure, namics, and Reactivity
in Molecular and Clular Bology
(Now)
Prereq.: -
G (1)
2-0-4

Overview of basic physical biochemistry and
Interaction of biology and chemical engineer-
ing. Structure, conformadon, and function of
biological macromolecules emphasizing pro-
teins. Prokaryotic and eukaryotic cell proper-
ties and relationship to cell function. Other
topics: adsorption and denaturation of pro-
teins, cellular transport processes, interfacial
phenomena in biology, applied Immunology.
Blophysical and biochemical phenomena con-
sidered with an eye toward blotechnological
processes.
M. L. Varmuch

10.59J Blochemical Engineering (A)
(Same subject as 20.81 1J)
Prereq.: Permission of instructor
G (2)
4-0-8

Interaction of chemical engineering, blochem-
istry, and microbiology. Mathematical repre-
sentations 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. I. C. Wang

10.591J Biochemical Engineering
Laboratory (A)

(Same subject as 20.812J)
Prereq.: Permission of Instructor
G (2)
0-5-1

Laboratory portion of Biochemical Engineering,
experiments focus on mass transfer problems,
microbial kinetics, product formation and re-
covery processes, and computer-aided fer-
mentation. Fermentation process plant design.
Permission of instructor required.
D. I. C. Wang, C. L. Cooney

Applied Chemistry

10.60 Heterogeneous Catalyss and
Catalytic Processes (A)
Prereq.: 5.62 or 10.37
G(1)
3-0-6

Relationships of actvity and selectivity to
physical and chemical properdtes of a solid ca-
talyst. Physical adsorption, chemlsorptlon.
Kinetic models and correlation of rate data.
Components and preparation of catalysts.
Physical characterization and examination of
catalyst structures. Supported metal catalysts,
acid catalysts and zeolite catalysts, catalytic
oxidation. Processing of petroleum and hydro-
carbons. Synthesis gas and associated pro-
cesses. Experimental methods.
C. N. Safferleld

10.611J MIcroelectronIcs Processing
Technology
(Now
(Same subject as 3.147J, 6.701J)
Prereq.: 10.615
U (1, 2)
3-4-5

See description under subject 3.147J.
H. H. Sawin, C. G. Sodini, D. J. Edell
D. A. Rudman, C. V. Thompson,
R. T. Howe

10.615 Integrated Circuit Processing (A)
Prereq.: 10.302
G (1) Next offere 106746
3-0-6

Introduces the basic process techniques used
in silicon monolithic Integrated circuits. Re-
views fundamental solid-state chemistry and
physics. Introduces basic semiconductor de-
vice physics. Prime emphasis on application of
transport phenomena, thermodynamics, chem-
Ical kinetics, process design, and process con-
trol to integrated circuit processing. Topics
Include crystal growth, chemical vapor depool-
tion, oxidation, etching, lithography, dopant
diffusion, metallization.
H. H. Saw/n

10.616J Plasma Processing in Integrated
Circuit Fabrication (A)

(Same subject as 6.776J)
Prereq.: Permission of instructor
( (2) Next offered 196746
3-0-9

See description under subject 6.776J.
H. H. Sawn, L. R. Reif
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10.63 High-Technology Separations
Laboratory

Prereq.: Permission of Instructor
G (2) Next offered 106746
2-5-5

Blomedical/biochemical solutes (hormones,
enzymes, proteins, etc.): their separation, puri-
fication, harvesting via ultrafiltration, reverse
osmosis, ion exchange, high-performance liq-
uid chromatography, and affinity methods.
Coupling of processes, recycles, detection/
control/validation, scale-up visits to study large
scale processes.
E. W Merrill

10.641 Molecular and Morphological
Engineering of Polymers (A)

Prereq.: -
G (2)
3-0-6

Introduces structure and properties of poly-
mers. Describes macromolecular architecture
and morphologies of solid polymers. Polymer
surfaces and interfaces. Properties covered in-
clude thermal transitions, transport properties,
solid-state mechanical behavior. Also dis-
cusses the effects of various non-polymeric
additives.
R. E. Cohen

10.642 Molecular and Phenomenological
Interpretation of Polymer
Viscoelasticity (A)

Prereq.: -
G(1)

Theory and phenomenology of linear visco-
elastic behavior of polymers. Material func-
tions and their interconve-sion, model
representation, time-temperature equivalence.
Reviews molecular theories. Introduces nonlin-
ear viscoelasticity.
R. E. Cohen

10.65 Chemical Reactor Engineering (A)

Prereq.: 10.37
G (1, 2)
3-0-6
Applies chemical kinetics to development and
improvement of industrial processes. Non-
Ideal reactor analysis, including residence time
distributions, concepts of mixedness and seg-
regation dispersion and CSTR models. Mass
and energy transfer limitations in heteroge-
neous non-catalytic, catalytic and electrocata-
lytic reaction systems. Reactor stability and
sensitivity to operating parameters. Choice
and design of reactors for heterogeneous
reactions.
R. F. Baddour, J. B. Howard A. F. Sarofim

10.651J Fluldization (A)

(Same subject as 2.65J)
Prereq.: Permission of Instructor
G (2)
3-0-9
Regimes of fluidizations, slugging, spouted
and particulately fluidized beds. Motion of a
single bubble in fluidized beds. Bubble behav-
ior and growth in a multi-bubble bed. Proper-
ties of emulsion phase in dense bubbling
beds. Heat and mass transfer in fluidized

beds. Gas-solld reactions. Treatment of parti-
cle ensembles. Conversion of gas in bubbling
systems. Analyzes non-catalytic gas-solid re-

10.682J Statletics of Mecromolecular
Systems
(Revised Content)

acton. Apualinstoheat exchangers and
flifdiz e-bed combus dors (Same subject as 5.65J)

A. F. Saroim, L. R. Gicksman Prereq.: Permission of Instructor
G (1) Next offered 1987-48

10.655 Multiphase Chemical Reactors (A) 306

Prereq.: 10.37
G (2)
3-0-6

Mass transfer with simultaneous chemical re-
action in gas-solid, gas-liquid, and gas-liquid-
solid systems. Analyzes contacting patterns
and of mass and heat effects in multiphase
chemical reactors including slurry-type reac-
tors, trickle beds, and fluidized beds. Attention
to reactions catalyzed heterogeneously or ho-
mogeneously, and to applications in fossil fuel
processing and new synfuel processes.
C. N. Satterfield

10.66 Polymer Rheology Laboratory (A)

Prereq.: 10.301
G (2) Next offered 1987-88
1-5-6

Experimental methods for characterizing poly-
meric fluids. Shear flow properties including
non-Newtonian viscosity, normal stress differ-
ences, linear viscoelastic properties, and tran.
sient nonlinear properties. Elongational flow
properties. Effects of concentration, molecular
weight distribution, molecular structure. Theory
for analysis of experimental results. Permis-
sion of instructor required.
R. C. Armstrong, R. E. Cohen

10.67 Polymer Science Laboratory (A)
(Revised Content)

Prereq.: Permission of instructor
G (1)
1-8-3

Synthesis and molecular characterization of-
polymers. Condensation polymerization and
chain reaction polymerization and copolymeri-
zation, reactions in homogeneous phase and
at interfaces, and the synthesis of linear
chains and highly ramified structures are car-
ried out. The resulting macromolecules are
characterized: molecular mass and its distribu-
tion by several methods, composition and con-
stitution by spectrometric and other analytical
means, and molecular thermodynamic proper-
ties. Polymer analogous reactions are used to
modify macromolecules.
R. E. Cohen, U. W Suter

10.661 Physical Chemistry of Polymers (A)

Prereq.: 5.60 or 10.14 or 10.40
G (1)
3-0-6

Chain conformation statistics. Elements of rub-
ber elasticity theory. Statistical thermody-
namics of the liquid lattice." Applications to
polymer-solvent and polymer-polymer miscibil-
Ity, swelling of cross-linked polymers, melting
point depression. Theory and methods of mo-
lecular weight determination (osmotic pres-
sure, viscometry, light scattering, gel
permeation chromatography). Response of
Isolated polymer chains to shear and to exten-
sional flows.
E. W Merrill

Structure, configuration and conformation of
macromolecules. Polymerization and copoly-
merization statistics. Spatial arrangement of
chains, linear and non-linear, with and without
the effects of excluded volume. Dilute and
concentrated systems. Chain Dynamics. Rota-
tional Isomeric state theory. Experimental ob-
servation of spatial arrangements of
macromolecules, with special focus on scatter-
Ing of radiation.
J. M. Deutch, U. W Suter

10.691 Synthesis of Polymers (A)

Prereq.: 5.42
G (2)
3-0-6

Studies synthesis of polymeric materials em-
phasizing Interrelationships of chemical
pathway, process conditions, and "microarchi-
tecture" of molecules produced. Chemical
pathway: anionic, radical, condensation, ring-
opening, etc. Process conditions: bulk, solu-
tion, emulsion, suspension, gas phase, batch
vs continuous fluidized bed, etc. "Microarchl-
tecture": tacticity, molecular weight distribu-
tbon, sequence distributions in copolymers,
"errors" in chains such as branches, head-to-
head addition, peroxide incorporation.
E. W Merrill

10.70 Principles of Combustion (A)

Prereq.: Permission of instructor
G (2)
3-0-6

Basic concepts and applications of combus-
tion: flame propagation in premixed gas mix-
tures, laminar bumer flames, turbulent flames,
enclosed and swirling jet flames, flame stabili-
zation, heterogeneous combustion of fuel
droplets and particles. Diffusional and chemi-
cal kinetics, pollutant formation and destruc-
tion in flames. Coal combustion systems:
stoker, pulverized coal, fluidized combustion of
coal.
J. M. Ber
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10.731 Seminar In Combustion Chemistry 10.601 Entrepreneurship
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Readings, presentations, and discussions of
selected, currently active research topics in
combustion chemistry. One or two topics stud-
led each term. Examples are: chemistry and
structure of flames, thermochemical kinetics
methods and calculations, mathematical mod-
eling and computer analysis of reaction net-
works, experimental methods, Interactions of
chemistry with transport and fluid mechanics.
J. B. Howard, J. P. Longwell

10.732 Gas-Solid Reactions
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Review of current literature and research on
gas-solid reactions with particular emphasis on
combustion, gasification, and gas absorption
at high temperatures. Includes the mecha-
nisms and kinetics of gas-solid reactions, the
characterization of the structure and modeling
of diffusion in porous solids, aerosol formation
and growth.
J. P. Longwell, A. F. Sarofim

10.74J Radiative Transfer (A)

(Same subject as 2.58J)
Prereq.: 10.302 or 2.51
G (2) Next Offered 1987-68
3-0-9
Principles of thermal radiations and their appli-
cation to engineering heat transfer problems.
Basic laws of thermal radiation. Radiative
properties of surfaces. Radiant interchange
among surfaces separated by a transparent
medium. Thermal radiation characteristics of
gases and particle clouds. Radiative Inter-
change through absorbing, emitting, and scat-
tering media. Application to fumaces, high-
temperature processing, pyrometry, insulation,
and solar energy.
A. F. Sarollm, L. R. Gtlcksman

10.75 Principles of Fuel Conversion (A)

req,: 10.302 10.37
0 (2) Next offeored 1987-66
3-0-6

Basic features and classification of gasification
and liquefaction processes applied to fossil
fuels and biomass. Chemical and physical
properties of natural and synthetic fuels. Kinet-
ics, mechanisms, and products of pyrolysis of
solid and heavy liquid fuels in presence of in-
ert and reactive fluids. Thermodynamic and
chemical equilibrium in multicomponent and
multiphase C-H-O systems. Kinetics and
mechanisms of gas reactions with solid car-
bon. Diffusion and reaction In porous solids
with transient properties.
J. B. Howard

Prereq.: -
G (2)
4-0-5

School-Wide Elective Subject. Description

School of Chemical
Engineering Practice

given at end of this chapter on SWE page. 10.62 (10.60, 10.61, 10.8) School of
D. G. Jansson Chemical Engineering Practice - Aibany
10.605 Technology, Law, and the Working Station (A)
Environment Prereq.: Permission of Instructor

Prereq.: Permission of Instructor
0(1)
3-0-6

Addresses relationship between technology-
related problems and the law applicable to
work environment. National Labor Relations
Act, Occupational Safety and Health Act.
Toxic Substances Control Act, state worker's
compensation and suits by workers in the
courts discussed. Problems related to occupa-
tional health and safety, tolictive 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, L. B. Evans

10.606 Management in Engineering

Preq.: -
U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. P. Hoult, H. S. Marcus

10.816 Engineering Risk-Benefit
Analysis (A)

Prereq.: 18.02
O (2)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. W Drake, A. R. Odoni

G (1, 2, S)
0-12-0

Conducted at General Electric Company
plants of their Noryl Plastics Division at Sel-
kirk, NY, and Silicone Products Division at
Waterford, NY. Group problem assignments
conducted at plant sites involve development
of existing polymer manufacturing processes.
Exposure to highly diversified unit operations
at pilot-scale or production levels including
distillation, extraction, filtration, extrusion, and
fixed and fluidized bed reactor systems. Credit
granted in lieu of Master's thesis; see section
on School of Chemical Engineering Practice
for details. Enrollment limited and subject to
plant availability.
J. W Tester

10.84 (10.85, 10.86, 10.87) School of
Chemical Engineering Practice - industrial
Station (A)
Prereq.: Permlession of instructor
G (1, 2, S)
0-12-0
Conducted at the research laboratories and
manufacturing facilities of a host company to
be specified. Group problem assignments in-
clude process development, design, simulation
and control, technical service, and new prod-
uct development. Credit granted in lieu of
Master's thesis: see section on School of
Chemical Engineering Practice for details. En-
rollment limited and subject to plant
availability.
J. W Tester

10.88 (10.89) School of Chemical
Engineering Practice - Brookhaven
Station (A)

Prereq.: Permission of Instructor
O (5)
0-12-0

Conducted at Brookhaven National Labora-
tory, Upton, NY. Group problem assignments
emphasizing application of chemical engineer-
ing to synthetic hydrocarbon fuels and alter-
nate energy resources, electrochemistry,
environmental science, and nuclear technol-
ogy. Credit granted in lieu of a Master's thesis;
see section on School of Chemical Engineer-
ing Practice for details. Enrollment limited and
subject to plant availability.
J. W Tester

4
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General

10.0 Experimental Research Problem (A)_
Prereq.: Permission of Instructor
G (1, 2)
Arr,

For specilsi and graduate students who wish to
canry out some minor investigation in a partic-
ular field. Subject and hours to fit Ind[iual
requirements.
W. M. Den

10.91 Experimental Reaeshro Problem
Prereq.: -
U (1, 2)
Arr.

For undergraduate students who wish to carry
out a special investigation in a particular field.
Topic and hours to fit Individual requirernentw.
C. M. Mohr

10.94 Speclsi Problems In Chemical
Engineering
Prereq.: Permission of Instructor
U (1, 2)
Arr.

Problem of current Interest, varying from year
to year.
J. P. Longwel

10.95 Special Problems in Chemical
Engineering (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.
Directed research and study of special chemi-
cal engineering problems.
W M. Dean

10.971 Seminar In Fluid Mechanics and
Transport Phenomena
Prereq.: Permission of Instructor
G (1, 2)
2-0-4
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

10.972 Belchemical Engineering Research

Prereq.: Permission of Instructor
G (1, 2)
2-0-4

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
eparation.

D. 1. C. Wang, C. L. Cooney

10.973 lolneeelsee ng
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

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, M. L. Yarmush

10.974 CatalysIs and Reaction Engineering
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Seminar on research topics and recent devel-
opments In heterogeneous catalysis, reaction
engineering, and related topics. Intended pri-
marly for students engaged In research in
these areas, but open to students with back-
ground and Interest In related areas such as
surface sciences and non-catalytic reactions.
J. Wel, C. N. Sutterield

10.976 Seminar In Polymer Sclence and
Engineering (A)
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Research seminars presented by students en-
gaged In thesis work In the field of polymers,
ard by visiting lecturers from Industry and
academia.
R. E. Cohen, E. W Merrill, U. W Suter

10.976 Process Synthesis and Control

Prereq.: Permission of Instructor
S(1,2)
2-0.4
Seminars In the state of the art In chemical
process and control system design, with em-
phasis on recent research. Discussions guided
by the interests of participating students. Rele-
vant topics In mathematics, numerical meth-
ods, and knowledge-based programming
Introduced.
M. A. Kramer, L. B. Evans

10.977 Artificlal Intelligence In Chemical
and Blochemloal Engineering
(New)

Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Research seminars on the evolving state of
the art In Artificial Intelligence, and how it af-
facts the solution of problems In Chemical and
Biochemical Engineering. Includes: expert sys-
tems In product and process development and
design; learning expert systems In process
control; expert assistants in problem formula-
tion; model-based hybrid expert systems;
search techniques; pattern recognition. LISP
Programming, background In Artificial
Intelligence necessary.
Geo. Stephanopouloe

10.17 Applied Thermodyanmias and
Applied Heat and Mass Transport
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Review of current topics in applied and theo-
retical thermodynamics and transport. Sub-
jects include microemulsion systems, enzyme
kinetics, supercritical fluids and equations of
state, phase equilibria In gas hydrate/ciathrate
systems, fundamental processes In multiphase
contactors, and applied research problems in-
volving heat and mass transfer in biological
and geological systems.
J. W Teter, T. A. Hatton

10.979 Plasma Processing
Prereq.: Permission of Instructor
G (1, 2)
2-0-4
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
Seminar covering current research topics on
theoretical aspects of transport processes,
continuum mechanids, and statistical mechan-
ics. Seminars given by graduate and postdoc-
toral students, participating faculty, and guest
speakers.
H. Brenner

10.991 Seminar In Chemical
Engineering (A)

Prereq.: Permission of Instructor
G(1)
2-0-4
10.992 SemInar in Chemical
Engineering (A)

Prereq.: Pemission of instructor
0 (2)
2-0-4

For students working on doctoral theses.
J. we/

10.ThG Graduate Thesis (A)

Prereq.: -
G (1, 2, S,)
Arr.
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
appropriate MIT faculty member.
W M. Den

Chemnicall Enaineering SOD



1 Urban Studies
and Planning

Undergraduate Subjects

Introductory Subjects

11.001 Introduction to Urban Design and
Developnt
Prereq.: -
U (1)
3-0-9
Examines both the structure of the cities and
ways that they can be changed. Includes: his-
torcaomes which have produced ciie,
models of urban analysis, c.ontemporary the-
ory of urban design, and Implementation strat-
egles. A series of ore lectures focuses on
student work. Speakers present cases, involv-
ing current projects, which illustrate the scope
and methods of urban design practice.
D. Frenchmmn

11.002 Introduction to Public Polloy
AnalysIs and Government Action
Prereq.: -
U (1) Next offered 1907-8
3-1-6

Presents major analytic techniques of public
policy analysis: deterministic and probabilistic
models, cost-benefit analys, decision analy-
als, linear programming. ais sessions orga-
nized In order of main tasks of policy analyst:
identifying altematives, implementation, evalu-
aton. Compares alternadve approaches to
public policy analysis.
G. T. Mane

11.003 Planning and Applied Socil
ReseArhO I
Prereq.: 11.007J, 14.01
U (1)
4-0-8

Concemed with these questions: What theo-
rios from the social sciences are applicable to
the design, Implementation, or evaluation of
public policies and programs? How good
should such theories be? What theories of so-
cial science do current public policies and pro-
grams presume? How good are these
theories? Same subject as 11.507. Consult:
G. T. Marx

11.006 Urban Social Structure and Process
Prereq.: -
U (2) HUM-D
3-0-6
Sociological analysis dealing primarily with
transformaons from the tum of the century to
the present in the major institutions of urban
society. Contemporary structures, changes,
and Interrelations of ecological and demo-
graphical bases; age and sex structures; strat-
Ification, economic, political, educational, and
religious Institutions. Examines ethnic and ra-
clal relationships in the US.
G. T. Mane

11.006J American Society: Values,
Institutions, and Variety
(Same subject as 17.257J)
Prereq.: -
U (1) HUM-D
3-0-9
Study of American society including: the
American value system and factors that shape
it; the expression of these values in basic In-
sttudons such as govemment, work, religion,
and family; sources of societal differentiation
Including class, gender, race, age, ethnlcty,
and region; and current and future social
trends and scenarios.
0. T. Marx

11.007J Polities and Public Policy
(Same subject as 17.201J)
Prereq.: -
U (1,2) HUM-D
3-0-9
See description under subject 17.201J.
G. T. Marx, M. Upsky, M. W W.Inberg

11.006J Urban Economics
(Same subject as 14.51J)
Prereq.: 14.01
U (1) HASS
3-0-6

See description under subject 14.51J.
J. Rothenbot, W I47oolon

11.013J American Urban History I
(Same subject as 21.412J)
Prereq.: -
U (1) HUM-D
3-0-6
Seminar on the history of Institutions and ins-
tutional change in urban America from roughly
100 to the present.. Among the Institutions
considered are political machines, police do-
partments, schools, courts, hospitals, prisons,
welfare departments, and universities. Fo-
cuses on readings and discussions.
R. M. Fogeson

11.014J Americen Urban History i
(Same subject as 21.413J)
Prereq.: -
U (2) HUM-D
3-0-6
Seminar on the history of selected features of
the physical environment of urban America.
Among the features considered are parks, os-
meteries, tenements, suburbs, zoos, skyscra-
pars, department stores, supermarkets, and
factories.
R. M. Fogeon

Specialized Subjects

11.0164 Structuring computer Programs
for Architeoture and Planning
(New)
(Same subject as 4.201J)
Prereq.:-
U (1)
44
Traght in step with 6.001, with students at-
t ng .001 lectures and doing problem
sets. Separate recitations and tutorials con-
centrating on applications to architecture and
planning. Students do Individual projects in
areas of their interest. Same subject as
11.215.
A. FPelsher
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11.016 Introduction to Technology and
Environmental Analysis
Prereq.: -
U (2) HASS
3-0-6

Comparative analysis of technological Impacts
on natural resources and the environment.
Case studies of oil drilling, coal mining, power
plant, dam, agricultural, automobile, and archl-
tectural impacts on national and global air,
water, land, plant, and animal resources and
marine environments. Analytic frameworks in-
clude natural science, economic, political,
problem solving, and design approaches.
M. G. Klapp

11.122 Environmental Policy and
Regulation
Prereq.: -
U (1) HASS
3-0-9

See description under subject 11.361.
M. 0. Klapp

11.131 The Urban Neighborhood

Prereq.: -
U (2) HUM-D
3-0-9

Covers theories, studies, and policy issues
conceming the urban neighborhood emphasiz-
ing the role of race and local involvement. Re-
views neighborhood theory from the
neighborhood unit to neighborhood territorial-
ity; examines methods for studying neighbor-
hoods, including research design and
participant observation. Considers issues such
as municipal decentralization, neighborhood
abandonment, and maintaining public safety in
the neighborhood.
J. M. D. Schuster

11.165 Law and Public Policy

Prereq.: -
U (1) HUM-D
3-0-9

Introduces law, organized around the theme of
how the law shapes, influences, and con-
strains the design and implementation of pol-
Icy. Examines relationship between courts and
line agencies. Analyzes how courts differ from
other policy-making Institutions. Includes basic
legal research.
M. Wheeler

Laboratories

11.185J Design with Microclimate

(Same subject as 4.071J)
Prereq.: 8.01, 18.01
U (1) LAB
3-6-3

See description under subject 4.071J.
T. E. Johnson

11.166 Social Research Methods
Prereq.: Permission of Instructor
U (2) LAB
3-6-3

See description under subject 11.231. Re-
quired of all Course Xl majors.
J. Ferreira, Jr.

Tutorials, Fieldwork,
and Internships

11.UR Undergraduate Research
Prereq.: -
U (1, 2)
Arr.

Undergraduate research opportunities in Ur-
ban Studies and Planning. For further Informa-
tion consult the Departmental Coordinate
P. L. Clay

11.191 Undergraduate Tutorial in Urban
Studies
Prereq.: -
U (1)
3-0-6
11.192 Undergraduate Tutorial in Urban
Studies
Prereq.:
U (2)
3-0-6

Reading and discussion of special topics In ur-
ban studies. By arrangement with Individual
members of the staff.
G. T. Marx

11.193 Preparation for Undergraduate
Thesis

Prereq.: -
U (1, 2)
Arr.

Selects thesis subject, defines method of ap-
proach, and prepares preliminary thesis out-
line. Independent study, supplemented by
frequent individual conference with staff
members.
0. T. Marx

11.194 Special Topics in Urban Studies and
Planning

Prereq.: -
U (1, 2)
Arr.

11.195 Special Topics in Urban Studies and
Planning

Prereq.: -
U (1, 2)
Arr.

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
Instruction.
0. T. Marx

11.196 Urban Fieldwork and Internships
Prereq.: -
U (1, 2)
Arr.
Practical application of city and regional plan-
ning techniques to towns, oities, and regions,
including problems of replanning, redevelop-
ment, and renewal of existing communities. in-
cludes intemships in municipal and state
agencies and departments under staff
supervision.
G. T. Marx

so
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Graduate Subjects

Core and Methods Subjects

11.200 Planning and Institutional
Processes

Prereq.: Permission of Instructor
0(1)
3-0-9
Basic paradigms and theories of planning
practice. Evaluates historical and current de-
velopments in planning with special emphasis
on the institutional setting of planning In Amer-
Ican society. Lectures, case studies, and com-
parative analyses explore the changing roles
of the planner and the key dilemmas in plan-
ning practice. Focuses on strategies of institu-
tional intervention and Implementation. Taught
In conjunction with 11.210 and 11.220. Re-
stricted to first year M.C.P. students.
P. L. Clay, D. A. Schon

11.205 Planning Roles and institutions In
Developing Countries
Prereq.: -
S(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.
R. A. Gakenhelmer, S. Sanyal

11.206 Core Practioum
Prereq.: -
G (1)
2-2-2

Small groups conduct in vivo planning exer-
clis with a faculty advisor. Students engage
in a project that raises pivotal Issues in plan-
ning (values ideology, race/gender/class), and
establish a group process that allows partici-
pants opportunity for reflection on group dy-
namics and self/roles In the context of
planning. Taught in conjunction with 11.200,
11.210, and 11.220. Restricted to first-year
M.C.P. students.
P. L. Clay

11.210 Political Economy for Planners
Prereq.: Permission of Instructor
G (1)
4-2-8

Introduces political economy for planners, em-
phasizing economic institutions and structural
analysis of standard economic theory and
public policy grounded in that theory. Models
of individual and aggregate economic behav-
lor, Institutional analysis of economic power,
and Marxian political economy. Topics vary
(e.g., poverty, race, gender and class discrimi-
nation, changing urban form, industrial loca-
tion). Restricted to first-year M.C.P. students.
K. R. Polenake

11.215J Structuring Computer Programs
for Architecture and Planning
(New)
(Same subject as 4.201J)
Prereq.:-
U (1)
4-4.4

See description under subject 11.01 5J.
A. Flelsher

11.216 Writing for Public Policy
and Planning
Prereq.: -
G (2)
2-1-1

Strategies for organizing and expressing ideas
In writing. Students draft and redraft projects
of their own choice while sharpening their
awareness of the writing process through ex-
ercise and feedback. Techniques for structur-
ing analytical presentations, making use of
Intuition, anticipating reader response, and ed-
iting for academic or professional audiences.
Limited to 15.
L. Dunlap

11.217 Bargaining and Negotiation

Prereq.: -
G (1)
2-1-1

Introduces methods and formal theory of bar-
gaining and negotiation. Analyzes ways In
which procedure, structure of bargaining situa-
tion, preferences of negotiators, and tactics of
bargainers can lead to the success or failure
of negotiations. Uses case study and gaming
materials in class. Permission of instructor
required.
L. E Sunkind

11.216 Fundamentals of Real Estate
Financial Analysis
Prereq.: -
G (2)
2-0-4
Introduces financial feasibility analysis for real
estate development and investment. Covers
capital cost budget, pro forms, mortgage, tax
shelter, valuation, and discounted cash flow
analysis. Uses case problems to apply tech-
niques to development of financial spread-
sheet models. integrates public sector and
private sector financial issues.
L. B. Sagalyn

11.219 Library Research Methods
Prereq.: -
G (1)
2-1-1

Teaches planning students skills needed to
access library Information while in school, and
later as practicing professionals. Problem-
oriented; leam by doing.lass time spent
discussing and practicing appropriate metho-
dologies for researching specific topics of
interest. Examples of resources covered: peri-
odical indices, government documents, the US
Census, computerized literature searching,
and the union catalogue.
M. E. Dopopolo

11.220 Quantitative Reasoning and
Statistical Methods for Planning
Prereq.: Permission of Instructor
G (1)
4-2-6

Develops logical, empirically based arguments
using statistical techniques and analytic meth-
ods. Covers elementary statistics, probability,
and other types of quantitative reasoning use-
ful for description; estimation, comparison, and
explanation. Emphasizes the use and limita-
tions of analytical techniques in planning prac-
tice. Taught in conjunction with 11.200 and
11.210. Restricted to first-year M.C.P.
students.
J. M. D. Schuster

11.222 Decision Analysis for Planning

Prereq.: 11.220
G (2)
2-1-2

Analytical approaches to decision making and
policy analysis when uncertainty is a central
Issue. Emphasizes decision trees, preference
measurement, social choice problems, and
determining an appropriate level of formal
analysis. Includes analysis and critique of
cases in planning and real estate
development.
J. Ferreira, Jr.

11.223 Graphic Methods for Analysis

Prereq.: -
G (1)
2-1-1

Module covers four basic techniques of visual-
Ization: drawing, photography, video, and vi-
sual design in print. Provides planning
students with a condensed introduction to vi-
sual communication techniques and the Issues
surrounding their use. Class sessions devoted
to presentations, lectures, and instruction.
G. Hack

Urban Studies and Planning 89D
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11.224 impact Assessment Techniques (A)
Prereq.: 11.220
G (2)
3-0-8
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 alter-
natives. Includes: traffic, fiscal, employment,
and visual Impacts.
P. B. Herr

11.226 Cost-kenefit Analysis for Planning
Prereq.: 11.220
G (1)
2-1-1
Module Introduces students to the techniques
of project analysis and to the strengths and
weaknesses of cost-benefit analysis. Exer-
cises provide practice in discounting, calculat-
ing rate of return, and calculating or applying
shadow prices. Explores underlying rationales
of various cost-benefit precepts and tools.
Permission of Instructor required.
A. M. Strout

11.227 Introduction to Computers in Public
Management
(Revised Unit)
Prereq.: 11.220
G (1)
22-2

Meets concurrently with the first six weeks of
11.521. Topics: database management,
spreadsheet analyses, and decision support
systems. See description under subject
11.521.
J. Ferreira, Jr., R. C. Larson

Intermediate Methods Subjects

11.230 Workshop In Institutional Analysis

Prereq.: 11.200
G (2)
4-0

Basic theories of institutional behavior, struc-
ture, and change for planners. Emphasizes in-
stitutions that directly affect the ability of
planners to Implement designs, policies, and
development strategies. While students ex-
pected to demonstrate ability to work with fun-
damental conceptual frameworks In
Institutional theory, primary focus Is on appli-
cation of Institutional perspectives to practice-
related Issues.
D. A. Sdon

11.231 0oolal Research Methods

Prereq.: -
G (2)
3-8-3
Introduces methods and process of social re-
search. Explores various methods - surveys,
case studies, comparative research, social
area analysis - in the context of specific re-
search topics. Emphasizes development of re-
search designs, selection of appropriate
methods, and use of primary and secondary
data. Hands-on experience in Interviewing and
survey research. Same subject as 11.186.
P. L. Clay, J. Ferreira, Jr.

11.233 Comparison and Lesson Drawing
Prereq.: -
o (1) Next offered 1987-88
2-0-7

Focuses on issues in comparative policy anal-
ysis In housing and other areas by comparing
experience in developing and developed coun-
tries. Logic and method of comparison; review
of policy studies; roles of setting and ideology
In problem formulation; and lesson drawing for
policy. Can be used to satisfy methods
requirement.
M. Rein

11.234 Laboratory In Data Analysis for
Planners (A)
Prereq.: 11.220 or 18.057
G (2)
3-6-3

Hands-on experience analyzing social science
data of Interest to planners using statistical
computer packages. The methodological focus
Is on hierarchical models: regression and
analysis of variance for metric data; and logit,
ordit, and loglinear models for categorical
data. Requirements Include five short data
analyses and a term paper.
A. Flelsher

11.235 Analyzing Projects and
Organizations
(Revised Unit)

Prereq.: -
G3(2)
2-4-8

Seminar builds analytic skils In finding as-
sumptions in what organizations say about
themselves and transforming them into hy-
potheses for field evaluation: 1)using proxy In-
dicators 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)seing the rationality in seemingly chaotic
organizational and project environments. De-
sirable for students preparing for Master's or
Ph.D. theses.
J. Tendler

11.236 Modeling for Development Planning
(NOW)
Prereq.: 11.210
G (1)
2-0-4

Techniques for macro and sectoral planning in
developing countries: national and flow-of-
funds accounts, Input-output models based on
such accounts, computer application.
L. Taylor

11.252 Legal issues in the Development
Process
Prereq.: Permission of Instructor
3(1)
3-0-9
Reviews land use law that provides the legal
basis for regulation of the development pro-
cess. Includes: contracting law, alternative
forms of property ownership, and secured
Interests.
L. Bacow

Environmental Planning
and Design
11.301J Introduction to Urban Design and
Development
(Same subject as 4.736J)
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 ur-
ban analysis, contemporary theories of urban
design, implementation strategies. Core lec-
tures supplemented by discussion group fo-
cusing on student work. Speakers present
cases involving current projects illustrating the
scope and methods of urban design practice.
D. Frenchman

11.311J Environmental Programming
Workshop (A)
(Revised Unit)
(Same subject as 4.745J)
Prereq.: Permission of Instructor
G (2)
3-M

See description under subject 4.745J.
S. C. Howell
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11.31 PaoliProramming and

(Same subject as 4.742J)
Prereq.: -
G (2)
3-0-0
Techniques for programming buildings and
other settings to fulfill societal and private
goals. Considers the nature and type of infor-
mation required by clients before committing
resources for design and construction: loca-
tions, quantities of space and fixtures, longev-
Ity required, flexibility, arrangements for
management and maintenance. Systems for
facility planning and of capital Investments
over time. Lectures, discussions, and projects.
T. F. Lee

11.320 History of Urban Development
Prereq.: -
G (2)
3-M

Lectures and readings on urban America from
roughv y 890 to the present. Focuses on the
city as an arena in which social classes and
ethnic groups struggle over distribution of
wealth, power, and prestige. Topics may In-
clude: emergence of political machines; trans-
formation of police, schools, and courts;
changes In real estate development, regulation
of land use; construction of roads, sewers,
and rail transit; reforms In municipal finance;
and changes In city-state and city-Federal
relations.
R. M. Fogelson

11.326J Community, Class and Race: A
Social Perspective (A)
(Same subject as 4.766J)
Prereq.: -
G3(2)
3-0-6

See description under subject 4.766J.
E Robbins

11.330J Theory of City Form (A)
(Revised Unit)
(Same subject as 4.747J)
Prereq.: 4.736J or 11.301J
G (2)
Arr.
See description under subject 4.747J.
J. BInart

11.332J Urban Design (A)

(Same subject as 4.18 3J)
Prereq.: Permission of Instructor
G (2)
Arr.

See description under subject 4.163J.
D. Frenchman

11.314 EnvIronment Risk Assessment (A)
(vised Content)
Prereq.: Premission of Instructor
G (2)
3-0-

Examines use of risk assessment and risk
management by regulatory agencies to set en-
vironmental standards and site hazardous fe-
cilities. Includes probabilistic risk assessment,
decision analysis, sensitity analysis, ecologi-
cal modeling, risk control and bargaining,
compensation, and risk perception. Cases in-
clude agency decisions on toxic chemicals
and hazardous materials.
M. G. Klapp

11.336J Cities of Tomorrow (A)
(Same subject as 4.748J)
Prereq.: Permission of Instructor
G (1)
3-0-6

Research seminar on the future of urban de-
sign to focus on developing a realistic projec-
tion of the organization, function, and form of
cities, based on an analysis of contemporary
trends. Review of historical efforts in the tradl-
tion of predicting urban change. Analysis of
contemporary urban design projects and pro-
posals. Supplemented by readings and speak-
er in parallel fields likely to have Impact on
urban form, Including: information processing,
communications, entertainment.
D. Frenchman

11.336J Site Planning

(Same subject as 4.726J)
Prereq.: Permission of Instructor
G (2)
4-4-4

Considers the physical relationship of develop-
ment to Its site and context and Includes
methods of site evaluation, feasibility studies,
site Improvements, Infrastructure require-
ments, and site planning techniques.
G. Hack

11.337J Implementation Strategies for
Urban Design
(Same subject as 4.746J)
Prereq.: Permission of Instructor
G (1)
Arr.

Focuses on the means, methods, and tools for
achieving urban design objectives and com-
plementary projects. Reviews classic and con-
temporary problems faced by the profession
and strategies utilized to resolve them, such
as: new town development, downtown revital-
zation, neighborhood preservation, and trans-
portation development. Includes: public
finance and development, zoning and land-use
control, development Incentives, Innovative
public and private partnerships.
J. de Monchaux

11.3391 Design Research Seminar (A)
(Same subject as 4.278J)
Prsreq.: -
G (1,2)
2-0-7

An exploration of the understandings and ap-
preclalve system implicit in design Inquiry,
through the examination of documented sc-
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.
D. A. Schon

11.339 Environmental Design Policy (A)
(New)
Prsreq.: 11.301J
G(1)
3-M6
Seminar focusing on the ways that govem-
menta have attempted to Influence the quality
of environmental design. Considers various
policy mechanisms Including: Incentives, stan-
dards and regulations, compensation, negotia-
tion, and Information based strategies.
Conditions under which each mechanism Is
likely to succeed or fall are studied. Students
complete a research paper on a topic of their
own choosing.
J. M. D. Schuster

11.360 Community Growth and Land Use
Planning
Prsreq.: -
G (1)
3-0-6

Seminar and fieldwork on strategies of plan-
ning and control for growth and land use,
chiefly at the municipal level. Growth and its
local consequences, land use planning ap-
proaches, Implementation tools Including Inno-
vative zoning, subdivision controls,
Infrastructure systems, and fiscal techniques.
Projects arranged with small teams serving
municipal clients.
P. a. Herr

11.361 Environmental Policy and
Regulation
(Revised Unit)

Prereq.: 11.210 or 14.01
G0(1)
3-0-6

Analyzes rationales for govemment Interven-
tion to protect the environment. Reviews policy
Instruments available to promote environmen-
tal quality Including standards, taxes, market-
able rights, and liability rules. Same subject as
11.122.
M. G. Klapp
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11.36 Slt and Federal
Environmental Management (A)
(Revisd Content)
Prereq.: Permission of instructor
G (2)
3-0-

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 ob-
stacles to plan inplementation and strategies
for citizens participation In environmental pol-
icy making receive special attention. Students
prepare In-depth osse studies of reforms and
management strategies.
L. E. Sunkn

11.364 Environmental Dispute Resolution
Prereq.: Permission of instructor
G (2)
3-04
Introduces methods and formal theories of no-
gotation, mediation, and compensation as
techniques to resolve environmental disputes.
Examines ten current EPA cases invoMng
rule makng, permitting, and enforcement. in-
cludes disputes over power plant siting, en-
orgy conversion from oil to coal, and sewage
treatment standards. Considers specific bar-
gaining tactics and their strategic Implications.
M. Wheeler

11.366J Coastal Zone Management (A)
(Same subject as 13.98J)
Prersq.: Permission of Instructor
G (2)
3-3-0

See description under subject 13.98J.
J. T. Kladow

11.366 Comparative Environmental and
Natural Resource Policies
Prereq.: -
S(2)

3-0-4
Comparative analysis of natural resource and
environmental policies in advanced and less-
developed countries. Cases include oil, natural
gas, fisherles, 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.
M. G. Kapp

11.367 The Politics of Development (A)

Prereq.: Permission of instructor
o (2)
4-0-8
Analysis of development In a political context.
Includes: interest group politics, the politics of
public approvals, impact of development on
neighboring groups, public-private partner-
ships, and training In negotiating skills.
B. J. Fdeden, M. Wheeler

11.370 Theories of Sttmisent Patterns
Prereq.: -
G (2)
3-0-

Examines locational theories and empirical
evidence related to human settlement patterns
and associated phenomena. Includes the spa-
tial location of regional growth, size distribution
of cities, migration pattens, area location of
economic and noneconomic activities and
gravity modeling of spatial flows of goods and
services. Requires an analytical term paper or
empirical project.
A. M. Strout

11.360J Urban Transportation Planning (A)
(Same subject as 1.252J)
Prereq.: Permission of Instructor
G (2)
3-04
See description under subject 1.252J.
R. A. Gakenheimer

Community and Regional
Development

11.400 Community Development
(New)

Prereq.: Permission of Instructor
G (1)
2-0-7

Examines successful strategies and some the-
ories of community development in the US.
Through literature, guest lectures, and discus-
sions, participants expected to synthesize their
own strategies and Intermediate-range
theories.
F. S. Jones

11.410J Spatial Economics, Urban Markets,
and Public Policy (A)
(Revisd Content)
(Same subject as 14.573J, 1.283J)
Prereq.:_
G (1)
3-0-9

Economic analysis of location, housing mar-
kets, urban land use, regional development,
and systems of cities. Particular emphasis on
the ability of spatial and urban markets to alo-
cate resources efficiently, and the role of pub-
11c sector Intervention.
W C. Wheaton, J. Rothenberg

11II11J Flecal Federation and Local Public
Sector (A)

(Same subject as 14.574J)
Prsre._
G (2) Next offered 1967-6
3-0-9

See description under subject 14.574J.
W C. Wheaton

11.417J Planning In Sociallst Countis (A)
(Same subject as 4.767J)
Prereq.: Permission of Instructor
G(1)
3-0-

Introduces political economy of development
strategies of the USSR, Eastern Europe, Yu-
goslavia, People's Republic of China, and
Cuba. Examines significant debates leading to
or emerging from experiences with three op-
proaches to planning: administraive, indica-
tive, and participative. Emphasizes links
between physical, economic, and social plan-
ning, as well as between planning, design,
and building. Requires participation in study
groups.
T. Lee

11A20J Housing and Neighborhood
Planning (A)
(Revised Contet and Unit)

(Same subject as 4.743J)
Prereq.: 11.200 or 4.144
0(2) Not to be ofed 1067-66
4-0-8

Analysis of housing markets, consumption, in-
vestment and policy. Techniques of neighbor-
hood planrng, including such Issue 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

11.430J introduction to the Development
Industry
(New)
(Same subject as 4.721 J)
Prerq.:-
G(1)
2-0-7

An understanding of the structure and opera-
don of the development Industry and some ap-
preciation of the various actors that shape and
influence the industry. Analyzes and evaluates
steps in the development sequence and deals
with terms, techniques, analytical methods and
information sources required at each step.
Deals with both the public and private sectors.
J. McKellar

11.431 Real Estate Finance and
investment (A)
(Revised Content and Unit)
Prereq.: 11.218
G(1)
4-3-8
Concepts and techniques for analyzing inan-
cial decisions in property development and In-
vestment processes. Includes pro forma
analysis, equity valuation, discounted cash
flow analysis, federaax analysis, debt and
equity financing alternative, and an introduc-
tion to deal structuring. Considers both private
and public sector perspectives.
L. Saga"y
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11.433 Market Analysis for Development 11.437 Financing Community Economic
Projects (A) Development
Prereq.: 14.01
G (2)
4-0-8

Focuses on developing an understanding of
the factors that shape and Influence markets
for real property. Includes: demographic analy-
sis, patterns of regional growth, construction
cycles, urban location theory, and modeling
techniques for predicting demand.
W C. W"heton

11.434 Structuring Complex Real Estate
Transactions (A)
Prereq.: 11.431
G (2)
3-0-9

Case study analysis of financial and manage-
ment structure of very complex real estate
transactions. Focuses on allocation of risk and
benefits among equity partners and lenders.
P. David

11.435 Introduction to Economic
Development Planning In the US (A)
Prereq.: 11.210 or 14.64 or 14.671 or 14.74
OG(2)
3-0-8

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. Interreglonal/intema-
tional conflicts over development policy.
Critical assessment of plans for community
economic development, city or state-level
programs, national policies for "reindus-
trialization."
B. Harrison

11.436 Labor Markets and the Organization
of Work (A)

Preq.: 11.210 or 14.01
G (1)
3-M
Neoclassical and Marxan economic theories
of labor market structure: human capital,
screening and credentiaism, queueing, dual/
segmented markets, labor theory of value, and
occupational stratification by race and gender.
Issues in measurement and policy evaluation.
Development since the 19th century of theo-
ries about the changing organization of work
(the "labor process").
B. Harrson

Prereq.: -
G (1)
3-0-9

Examines role of capital in the economic de-
velopment process, capital access problems of
small, minority, and community-based busi-
nessee, and government options for overcom-
Ing these problems. Emphasizes role and
operation of public-sector finance institutions.
Presents and critiques case studies of Inter-
ventions by development finance agencies.
Student projects analyze either a specific In-
tervention or the operation of a particular
agency. Consult: Department Headquarters

11.439 Methods of Downtown
Development (A)
Prereq.: -
G (2)
2-0-6
Focuses on recent downtown development
projects Involving joint participation by local
governments and private developers, Analyzes
ways both sectors work together, plan, fi-
nance, and Implement specific projects. Exam-
ines context for these efforts: urban renewal,
changing functions of downtown*, Federal and
local policies effecting central cities. Uses de-
tailed case studies of several downtown shop-
ping developments.
B. J. Frieden

11.441 Iseuse in Community Development
Prereq.: Permission of Instructor
G (1)
3-2-4

Centers on current issues In community devel-
opment: values, Ideology, tactics, models, and
altemative strategies. Seminar format is orga-
nized around students' planning projects, and
focuses primarily on problem framing from an'
Interdisciplinary perspective. Designed for the
Community Fellows Program; students work-
ing on thesis or-community-based projects ad-
mitted by permission.
M. H. King

11 .442 Strategs in Community
Development
Prereq.: 11.441
G (2)
3-2-4

Continuation of 11.441. Focuses on alternative
intervention strategies in community-based de-
velopment. Seminar format is organized
around students' planning projects, and cen-
ter on a review of relevant practice In the
field, on formulation of both a detailed Inter-
vention strategy, project finding and effective-
nes evaluation plans. Designed for the
Community Fellows Program; students work-
ing on thesis or community-based projects ad-
mitted by permission.
M. H. King

11.443 Cases in Community
Development (A)
(Now)
Prereq.: 11.400
G (2)
2-5-2

introduces students to a useful way of thinking
about elements of community development
from the viewpoint of community activists and
to the art of writing cases. Each student pre-
pares at least one case and the appropriate
briefing material, working with a client under
supervision. Cases can be circulated for use
by other students, teachers, and policy
analyst#.
F. S. Jones

11.444 Practioum In Community
Development
(New)
Prereq.: Permission of Instructor
G3(2)
Arr.

Workshop dealing with neighborhood, housing,
and community development issues.
L. C. Keys

11.445 Community Development in Urban
Neighborhoods
Prereq.: Permission of Instructor
3(2)
3-0-6
Politics of community-oriented economic de-
velopment, focusing on oppressed groups In
large cities. The problems of increasing politi-
cal and economic power of ghetto residents.
Consult: M. H. King

11.453 Seminar on Research In City
Development and Housing (A)
Prereq.: -
3(1)
3-0-6
Advanced seminar for masters and doctoral
students. Reading and analysis of mono-
graphs and reports that reflect current re-
search issues in housing and city
development. Class discussions of different
types of research, the origins of ideas, Imple-
mentatIon of programs, and evaluation. Each
student designs and executes a piece of re-
search which may Include pre-thesis .work.
B. J. Frieden, P. L. Clay

11.484 Innovations in Housing and
Community Development (A)
Prereq.: -
G3(1)
2-0-7

Design and implementation of Innovative pro-
posals for housing and community develop-
ment. Considers policy as well as projects,
focusing on the role of the state vis-A-vls Fed-
eral and local governments and the private
sector. Guest lecturers discuss current issues
in Massachusetts state government.
L. C. Keyes
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11A66 Research Seminar in Community
and nsglonal Development (A)

Prereq.: Permission of Instructor
G (1)
2-0-7
For second-year MCP students who are writ-
Ing spring theses in community or regional de-
velopment. Organized around interests and
intended these inquiries of the students. den-
titles methodological Sikis that seminar partioi-
pants need to pursue their own work. Writing
and mutual cridcism of short concept papers,
building toward a first draft thesis outine by
the end of term.
6. Hanlson

Developing Areas

11.461 Planning and Urban and Regional
Growth In Developing Countries (A)
Prereq.: 11.210
G (2)
Arr.

Examines Ideas of planning in relation to ur-
ban growth issues and policy options. Covers
problems of diagnceis and Implementation of
these policy option mainly In Third World
countries; and techical and political, national
and sub-naional, ntoral and Intersectoral,
and rural and urban aspects of tese prob-
lems. Requires extended readings and paper.
L. RoWn

11.462 Housing Problems, Goals, and
Policies In Developing Countries
(NeW)
Prereq.: -
G(1)
2-0-7

Focuses on how the definition of housing
problems requiremrents, and goals affect do-
sign and management of national policies and
handing of Issues related to land taton. fi-
nanclng, bulding processes, self-help, tenure,
and existing stock of housing. Concemed with
price and subsidy policy and linkages between
housing and national development -
Examined from several standpoints, including
the paradigms of the mixed economy and of
Mandn.
L. Rodw*"

11.46 Local Housing Policies In
Developing ouneri
(Same subject as 4.753J)
Prr".: -
G (2)
3.0-
Examines housing needs of income groups In
cities of different sizes and analyzes policy op-
dons for development of housing programs.
Emphasis on aspects vital to the design and
Inplementation of projects: affordablity, land
Noason, cost-reovery, political support, in-
alutIonal arrangements, and maintenance.
Mechanisms for monitoring and evaluation of
projects.
a. sanyal, R. Goeert

1164The infomil Sector and OWthe
Household Economy
Prsreq.: -
G (2)
3-0-9

Examines Interrelationships among low-n-
come households, small-scale, income-gener-
ating activlies, and the urban economy In
developing countries. Theories of employment
and an analysis of "bazaar economies" looked
at. Reviews policy options for enhancing the
Informal sectors contribution to development.
The role of women and the possiblties of
non-monetary activities explored.
B. smnyal

11.446 The iplementation of Metropolitan
Planning In Developing Countries
Prereq.: Permission of Instructor
G (2)
3-0-9

Emphasizes techniques for management and
guidance of housing programs and land occu-
pancy and their effects on development and
equity In developing countries. Roles of urban
planning In developing countries. Analyzes
cases of planning and decision maldng, the
study of "terms of relevance" for planning ser-
vices, and the programming of urban Infra-
structure. Conducted jointly with Harvard
Graduate School of Design.
A. A. Gakenhelmer

11.46J Infrastructure In Third-World
Countries (A)
(New)
(Same subject as 1.254J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Planning for transport, water supply sewerage,
and electric power. Covers political, economic,
institutional and distributional considerations of
infrastructure decisions and outcomes. Relstes
Infrastructure developments to themes in third-
world development and planning: 1) growth
sequence and linkages, 2) building viable pub-
lo-sector Institutions, 3) planning and financing
of development, 4) equity questions, 5) techn-
ocratc decision making, and 6) role of political
and economic groups.
R. A. Gakenher, J. Tendler

11.470 PolItical Economy of Development
Projects
Prereq.: -
G1)
3-0-9
Shows how performance of development proj-
ects and organizations Is Influenced by
1)nature of tasks they undertake, together with
2)structure of the economic environment;
3)poNcal influence and actions (or lack there-
of) suppliers and other contractors, beneficiary
groups, politicians; 4)contradtion between
bulding strong organizations and pursuing
certain development goals; and 5)behavior of
dnorm and the constraints under which they
operate.
J. Tendler

I 1.471 Poliloal Room" of Development
Projeots: Targeting the Poo
Prerq.: -
G (2)
3-0-9

Covers iacts of various types of procts on
income distribution; difficuiles of assuring that
project benefts reach the poor; types of proj-
act, tasks, and environments that are condu-
cive to equitable outoomes; roles of
participation in helping organizations (including
co-ops) to reach the poor and carry out proj-
acts more or less effectively; and the ability of
nongovemmental organizations to "do better
than the public sector" at serving the poor.
J. Tendler

11.461 Regional Eoonomio Accounts,
Theories, and Techniques (A)
Prereq.: 14.03, 14.04
G (2)
3-0-9

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
program Impact and distribution studies. Uses
problem sets (some microcomputer-based) to
Illustrate the different accounts, theories, and
techniques.
K R. Poen-ke

11.402 Regional Applications of Economic
Theories (A)
Prereq.: 11.486J
0 (1)
3-0-9
Cridtcay examines the use of mutiregional ac-
conts and models for regional development
analysis, including applications of economic
base, regional growth, general equilbrium,
and interregional trade models. Gives special
attention to use of regional input-output
models and to current regional analyses being
made of transportation, energy, fiscal, Income
distribution, and employment problems.
K. R. Polenake

11.4A3 Theories of Political Economy and
Planning for Developing Countries (A)
Prereq.: 11.486J
G (2)
3-0-9
Seminar covers major analytical frameworks of
thories of politl economy for developing
countries from both the neoclassical and
Mandan perspectives. Key itrature reviewed
includes theories of growth, dualism, and pay-
chological/oultural models, theories of imperi-
alsm, underdevelopment dependency, and
unequal exchange; growth pole, New intema-
tional Economic Order, self-reliance, and basic
needs development strategies.
K. R. Polenske
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11.464 Social Cost-Benefit Analysis of
Proects end Programs
Prereq.: -
G(1)
3-"-
Practical Introduction to theory and practice of
project analysis and evaluation. Develops
quantitative skills through case study or prac-
tice. Problem-solving emphasis on cost and
benefit valuation (both economic and non-
economic) and on considerations of time,
space, scale, externalities, multiple-objectives,
risk and uncertainty, and indirect benefits and
costs. Examines usual Institutional setting and
practical Influences of analytical procedures or
project design and selection.
A. M. Strout

11.465 Rural Development: Agriculture and
industry In the Regional Context
Prereq.: -
G (2) Next offered 1987-88
2-0-7

Role of nonmetropolitan, largely rural areas In
regional development and problems of ensur-
Ing equitable Improvements In rural welfare.
Emphasizes agricultural growth, the transfor-
mation from a traditional to a modem agricul-
ture, anu the prospects for non-agricultural
pursuits in rural areas. Social and political as
well as economic aspects of rural develop-
ment. Considerable student participation, es-
pecially in working with case study materials
from Africa. Latin America. Asia and, oca-
slonally, from the US or Europe.
A. M. Strout

11.486J Theories of Economic
Development
(New)
(Same subject as 14.778J)
Prereq.: 11.210
S(1)
3-046
An overview of economists' theories of the de-
velopment process: neoclassical, structuralist,
and Marxist approaches. Includes national
economic accounting and a sketch of planning
models; long-run theories of growth and In-
come distribution; short-run macrosconomlos
and stabilization; global macroeconomics,
trade Issues and debt; technology and Indus-
trial strategy; agriculture and the food system;
household economics, regional economics.
L. Taylor

11.487 Energy Sector Planning In
Developing Countries
(New)

Prereq.: -
G (1)
3-0-9

Evaluates relationship between energy and
economic development. Includes analysis of
energy demand, forecasting and technology
choice. Energy project planning and evaluation
methods presented, and their relation to na-
tional planning discussed. Includes resource

evaluation in gas, oil and solid fuels, energy
pricing and taxation, electric power systems
technologies, planning and economics, and
economics and political roles of national and
International agencies In energy planning.
RA 0. Tabors

Public Policy and Management

11500 introduction to Public Policy and
Management
Prereq.: -
G (1)
3-1-8

Introduces the theory and practice of public
policy formulation and Implementation. Em-
phasizes applications and limitations of public
policy analysis. Examines theories of public
policy Implementation for their Implications for
effective management In the public sector.
Same subject as 11.002.
R. C. Larson

11.505 Seminar on NonprofIt Institutions
and the City (A)

Prereq.: 11.200 or 11.230
G (2) Next offered 1987-68
2-0-7

Seminar on the nature and roles of nonprofit
institutions. Emphasizes three themes: 1)the
theory of nonprofit Institutions (why Is there a
need for the third "sector' In addition to the pri-
vate and public sectors?), 2)the relationships
between nonprofit Institutions and the state,
and 3)Issues In the management and opera-
tion of nonprofits. Topics vary each year. Stu-
dents compiete a major research project.
J. M. D. Schuster, M. Rein

11.507 Perspectives on the Labor Market
Prereq.: -
G (1) Next offered 198748
2-0-7

Examines the different ways that the modem
labor market has been transformed for women
In the US and Europe. Reviews different ap-
proaches to understanding this transformation
focusing In particular on those theories that
examine the Interrelationship between the
family, the state, and the labor market.
M. Rein

11.510 Discourse on Social Policy
Prereq.: -
G (2) Next offered 198748
2-0-7

Examines discourse on controversial Issues in:
policy making, mass media, social science,
and public opinion. Probes for tacit framework
of interests and assumptions that underlies
discourse about controversial Issues In each
example. Each Issue compares the content in
two or more arenas, seeking generalizations
that serve as the basis for analysis of dis-
course across arenas and issues.
M. Rein

11.517 Publio Pinanse In Developing
Countries (A)
Prereq.: 11.210
G~l
3-0-
Financial operations of local and municipal
govemmentu/authortles In developing coun-
tdes examined. Theories of taxation, public
expenditure, and fiscal competition and com-
padsons of alternative fiscal systems explored.
Evaluation of various policy options used In
Improving the management of services and
revenue generation. Problems of local author-
ties looked at with an emphasis on current
barriers and possibilities.
W C. WheAton

1.521 Computer-Ded Analysis for Public
Management I(A)
Prereq.: 11.220
G (1)
3-2-7

11.522 Computer-Based Analysis for Public
Management 11(A)
Prereq.: 11.521
G (2)
3-2-7

Data-based, computer-Implemented models
for Improving public management. Includes:
database management, decision support sys-
tems, scheduling, operations management, re-
source allocation, and spreadsheet anales.
Hands-on computer workshops to run models
and analyze case studies. Required for urban
management specialization.
J. Ferreira, Jr.

11.5261J Logistical and Transportation
Planning Methods (A)
(Same subject as 1.203J, 6.281J, 13.665J,
15.078J, 16.70J)
Prereq.: 8.431, 15.075
G (1)
3-0-9

See description under subject 1 .203J.
A. . Bameff, R. C. Latson, A. R. Odoni,
H-. N. Pefte

11.540 Protlounm on Public Management
and Policy I
Prereq.: Permission of Instructor
G (1)
Arr.
11.541 Pratlourm on Public Management
and Policy 11
Prersq.: 11.540
G (2)
Arr.

Workshop dealing with public management Is-
sues In a specific public organization. Consult:
R. C. Larson
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11.A50 Conflct, Dispute Resolution, and
Negotiation In the Public Sector
Prereq.: 11.200, 11.230
G (1)
3-0-6

Investigates social conflict and organizations
that process disputes in public sector. While
theoretical aspects of conflict are considered,
focuses on the operation, organization, and
roles of dispute-processing agencies. Bases
comparisons among agencies on their pro-
cesses and consequences for participants and
societies. Explores strategies for more effec-
tive design and use of dispute-processing
agencies.
L. E. Susskind

Doctoral Seminars

11.800 Doctoral Seminar I (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

11.801 Doctoral Seminar 11 (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Analysis and practice in research competence
fundamental to Urban Studies and Planning.
Required of all first-year Ph.D. candidates.
L. C. Keyes

11.900 Doctoral Proseminars (A)

Prereq.: Permission of Instructor
G (1, 2)
Arr.

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
Department.
T. Lee

Tutorials, Research, and
Fieldwork Subjects

11.901 Research Seminar: Topics in Urban
Studies and Planning (A)

Prereq.: Permission of instructor
G (1)
3-0-6

11.902 Research Seminar: Topics In Urban
Studies and Planning (A)

Prereq.: Permission of Instructor
G (2)
3-0-6

Special research issues in urban planning se-
lected each term for special study. Open to
graduate students with permission of
instructor.
T. Lee

11.911 Reading Seminar In Urban Studies
and Planning (A)
Prereq.: Permission of Instructor
G (1)
Arr.

11.912 Reading Seminar in Urban Studies
and Planning (A)
Prereq.: Permission of Instructor
G (2)
Arr.
Reading and discussion of special topics in
urban studies and planning.
T. Lee

11.921, 11.922 Special Seminars In Real
Estate Development (A)
Prereq.: -
Gr(1, 2)
Arr.
Opportunity for group study by graduate stu-
dents on current topics related to real estate
not otherwise included in the curriculum. Con-
suit J. McKellar.

11.932 Preparation for Thesis (A)

Prereq.: -
G (1, 2)
Arr.
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. Restricted to doctoral candidates.
T. Lee

11.941-11.955 Special Studies In Urban
Studies and Planning (A)

Prereq.: -
G (1, 2)
Arr.

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 plan-
ning not covered in regular subjects of
instruction.
T Lee

11.962 Urban Fieldwork and Internships (A)

Prereq.: Permission of Instructor
G (1, 2)
Arr.

Practical application of planning techniques to
towns, cities, and regions, including problems
of replanning, redevelopment, and renewal of
existing communities. Includes Intemships in
municipal and state agencies and departments
under staff supervision.
T. Lee

11.981 Graduate Tutorial
Prsreq.: -
G (1)
Arr.

11.982 Graduate Tutorial
Prereq.: -
OG(2)
Arr.

Planned programs of Individual Instruction.
Students and faculty members must make ar-
rangements prior to the beginning of the term.
T. Lee
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12 Earth, Atmospheric,
and Planetary
Sciences

Undergraduate Subjects

12.UR Undergraduate Research
Prereq.: -
U (1, 2)
Arr.
Undergraduate research opportunities in
Earth, Atmospheric, and Planetary Sciences.
Consult W. F. Brace

12.ThU Undergraduate Thesis

Prereq.: -
U (1, 2)
Arr.
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 J. B. Southard.

12.01 Geological Processes, Features, and
History
Proreq.: -
U (1) SD
3-4-5

Introductory course in geology. Major rock-
forming minerals, rock-forming processes, and
rock types. Geologic structures and relation-
ships observable in the field. Geologic time
scale, dating of rocks by fossil and radiometric
methods. Movement of sediment and develop-
ment of landforms by moving water, wind, and
ice. Crustal processes and evolution in terms
of global plate tectonics; surveys geologic his-
tory of the continents. Laboratory work on
minerals and geologic mapping techniques.
Two non-required weekend days of field trips.
J. B. Southard

12.011 Sedmentary Proceshes: Rivers
Prereq.: 12.01
U (1) Next offered 1987-N8
1-0-3

Nature of streamflow; modes of fluvial sedi-
ment transport; development of meandering
and braided channel patterns; sedimentary
structures and sedimentary sequences devel-
oped in fluvial deposits; recognition and inter-
pretation of ancient fluvial sequences.
J. S. Southard

12.012 Sedimentary Processes: Glaciers
Prereq.: 12.01
U (2) Not to be offered 1987-68
1-0-3

Development and flow of valley glaciers and
continental ice sheets; erosion and transporta-
tion of sedimentary material by glaciers;
modes and forms of a'curnulation of glacial
deposits; Pleistocene glacial history of North
America; record of glaclations through
geologic time.
J. B. Southard

12.013 Sedimentary Processes: The Wind
Prereq.: 12.01
U (1) Not to be offered 1967-8
1-0-3

Dynamics of wind erosion and transportation;
form, migration, and stratification of sand
dunes; loose; wind-borne sediment supplied to
the oceans; recognition of eollan deposits in
the geological record.
J. B. Southard

12.014 Sedimentary Proceeses: Coastlines
Prereq.: 12.01
U (2) Next offered 1987-88
1-0-3

Waves and currents In the shallow ocean;
movement of sand on beaches; form and
stratification of beach deposits; estuaries and
estuarine sedimentation; sediment distdbution
and transportation on modem continental
shelves; nearshore sediments In the geologi-
cal record.
J. B. Southard

12.016 Sediments and Sedimentary Rooks

Prereq.: 12.01
U (2)
2-2-5

Texture of clastic sediments. Sedimentary
minerals. Petrology and classification of sand-
stones, shales, conglomerates. Modem car-
bonate depositional environments and
sediments; petrology of ancient carbonates.
Briefly treats other sedimentary rocks: chert,
Ironstone, evaporites, coal. Primary sedimen-
tary structures. Lithification and diagenes.
Principles and techniques of Interpreting mod-
em depositional environments. Laboratory
work on petrology and classification of major
rock types using hand specimens and thin
sections. One weekend field trip.
J. B. Southard

12.02 Chemistry and Physics of Minerals
and Rocks
Prereq.: -
U (2) SD
3-4-5

Introduces geochemistry, mineralogy, and pe-
trology. Properties of common rock-forming
minerals: their crystal chemistry, structures,
and stabilities. Evolution of Igneous, sedimen-
tary, and metamorphic rocks and of associ-
ated ore deposits. Laboratory work focuses on
Identifloation and paragenesis of the most sig-
nificant minerals and rock types. Two field
trips during laboratory classes.
R. G. Bums

12.03 Structural Geology
Prereq.: 12.01
U (1)
3-3-6

Introduces mechanics of rock deformations.
Discusses and interprets faults, folds, struc-
tural features of Igneous and metamorphic
rocks, and superposed deformations. Intro-
duces regional structural geology and tecton-
los. Laboratory includes techniques of
structural analysis, recognition and Interpreta-
tion of structures on geologic maps, and con-
struction of Interpretive cross sections.
8. C. Burchflel, K. V. Hodges

12.043J Introduction to Mining and Mineral
Technology
(Same subject as 1.384J, 3.095J)
Prereq.: -
U (1)
3-0-6

See description under subject 3.095J.
J. F. ElllON, R. G. Bums, H. H. Einstein,
C. R. Peterson

12.051 Pleid Geology I
Prereq.: 12.02, 12.03
U (1) Next offered 1967-68
2-2-2

Introduces techniques of geological field study.
Several weekend field exercises provide prac-
tical experience In preparation for 12.052. Pre-
sents in addition some introductory material on
the regional geology of the locale of 12.052.
B. C. Burchfiel, K. V. Hodges, L. H. Royden



Earth, Atmospheric, and Planetary Sciences

12.062 Fled Geology ||
Prereq.: 12.051, 12.03
U (J, 2) Next offered 19748
Arr.

During January, practices methods of modem
geological field study during an Intensive four-
week excursion. Exercises Include geological
mapping on topographic and photographic
base maps, correlating geochemical and geo-
physical field measurements with geology, ex-
amining and sampling a wide variety of
geological features. Following term Includes:
1) preparation of reports based on field stud-
les conducted during January, and 2) labora-
tory analysis of samples, Interpretation of
geological, geophysical, and geochemical
data.
B. C. Burchniel, K. V. Hodges, L. H. Royden

12.081 Petrology I
Prereq.: 12.02
U (1)
3-8-3

Principles of optical mineralogy emphasizing
use of petrographic microscope for Identifica-
tion of minerals In rock thin sections and min-
eral grain mounts. Introduces thermodynamics
of heterogeneous phase equilibria and Its ap-
plication to experimental and natural rock sys-
tems. Introduces experimental silicate
systems. Surveys Igneous rocks, emphasizing
distribution, composition, mineral associations,
origin and relationship to tectonic environment.
T. L. Grove

12.002 Petrology 11
Prereq.: 12.081
U (2)
346-3
Continuation of 12.061. Introduces mineral fa-
des concept and graphical representation of
metamorphic mineral associations. Petro-
graphic examination of metamorphic rocks In
thin section. Interpreting metamorphic rock
paragenesis through application of experimen-
tal petrology to natural rock systems. Relation-
ship of metamorphic rock associations to plate
tectonic environment. One day field trip.
K. V. Hodges

12.086 Analysis of Geological Materials
Prereq.: 12.02
U (2) LAS
244
Determines the chemical composition of geo-
logic materials. Analytical techniques Include
X-ray fluorescence, neutron activation, atomic
absorption, mass spectrometry, electron mi-
croprobe. experimental petrology, M6ssbauer,
and other absorption spectral methods. Labo-
ratory projects utilize these techniques to
solve specific geologic problems. Umited
to 12.
F. A. Frey, R. G. Bums, S. R. Hart,
T. L. Grove

goD

12.07 ChemIstry and Physios of the Earth
Prereq.: 8.02, 18.03
U (1)
3-0-9

An integrated, problem-oriented Introduction to
the chemistry and physics of the solid Earth.
Focuses on a series of major Interdisciplinary
problems in the areas of the intemal constitu-
tion, dynamics and evolution of the Earth; the
geochemical and geophysical techniques ap-
propriate for attacking each of these problems
treated In this context. Topics Include magma
genesis and geophysical structure of mid-
ocean ridges and Island arcs; structure, com-
position and dynamics of the mantle; and the
evolution of the Earth's crust and mantle.
S. R. Hart, S. C. Solomon

12.091-12.064 Special Problems

Prereq.: -
U (1, 2)
Arr.

Reading, laboratory, or fieldwork in Earth, At-
mospheric, and Planetary Sciences. Requires
written report.
Staff

12.005 Teaching Earth and Planetary
Sciences
Prereq.: Permission of Instructor
U (1, 2)
Arr.

For undergraduate students with appropriate
course experience to assist In laboratory and
classroom teaching, or In the composition and
grading of outside assignments, under faculty
supervision. Available positions listed In de-
partment headquarters well before the start of
each semester. Students selected by Inter-
view. Pass/fall subject. Consult Department
headquarters.

12.105 Introduction to Field Geophysics
Prereq.: 18.03
U (1) Not to be offered 198748
3-3-3

Introduces geophysical field techniques and
Instruments. Describes seismic, gravity, mag-
netic and electrical methods and Instruments.
Some local field trips on weekends to test
these techniques. For students with no experi-
ence in field geophysics.
T. R. Madden

12.106 Geophysics Field Study
Prereq.: 12.105
U (J, 2) Not to be offerrdq 10574
A N.

Applies geophysical field techniques and data
Interpretation to studying crustal structure and
geological problems. Intensive four-week field
measurements in snow-free area during Janu-
ary, and Interpretation of data during spring
term. Fieldwork includes seismic, gravity,
magnetic and electrical measurements, and
geologic studies. Data interpretation Includes
data reduction and computer modeling to de-
termine structure and properties of the field
area.
T. R. Madden

12.107 Introduction to Geophysics
Prereq.: 8.02, 18.03
U (1) SD
3-0-9

Survey course In geophysics aimed at earth
science undergraduates or students from other
departments Interested In the applications of
math and physics In studying the Interior of
the earth. Includes: gravity (shape of the
earth, lsostasy, mass anomalies, earth tides),
seismology (body waves, surface waves,
earthquake sources, normal modes), geo-
magnetism (main field, secular variation, mag-
netic induction, rock magnetism), heat budget
(radioactivity, heat flow, temperature struc-
ture), and goodynamics.
M. K. McNutt, T. H. Jordan

12.105 Fundamentals of Modem Geodesy
(Now)
Prereq.: 8.01, 18.02, 18.06
U (1)
3-0-9

Coordinate systems and transformations used
to describe the deformation and the rotation of
the "solid" earth. Geodetic networks. Least-
squares adjustment. Analysis of classical and
modem types of observations. Emphasis on
positioning by quasi-geometdc techniques In-
cluding radio interferometry with satellite and
quasistellar sources; lunar and artificial earth
satellite laser ranging; terrestrial distance, an-
gle and height measurements. Error causes
and cures. Statistics, scientific computer pro-
gramming background.
C. C. Counselman, Staff

12.113 Astronomy: Stars and Galaxies

Prereq.: -
U (1) SD
3-0-9

An Introduction to stellar and galactic astron-
omy, emphasizing the underlying physical
principles. Includes: astronomical instruments;
radiation laws and stellar spectra; physical
properties of stars; stellar structure and evolu-
tion; supemovae, pulsars, neutron stars, and
black holes; the interstellar medium; star clus-
ters and galactic structure; galaxies and qua-
sars; cosmology: Trips to Wallace
Observatory.
L. M. French

12.114 Astronomy: Solar System
Prereq.: -
U (2) SD
3-0-6

introduction to the study of the solar system.
Emphasis directed toward basic principles
rather than mathematical or physical details.
includes: simple celestial mechanics, terminol-
ogy of distances and magnitudes, optical
properties of planets and satellites, planetary
geology, Interiors of the terrestrial and giant
planets, magnetic fields, planetary atmo-
spheres, comets and asteroids, solar physics
and the formation of the solar system.
D. C. Jewtt, S. C. Solomon
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12.11J Observailonal Techniques of
Optical Astrnom
(Same subject as 8.287J)
Prereq.: One subject in Astronomy or
Astrophysics
U (1) LAS
3-4-5

Fundamental physical and optical principles
used for astronomical measurements at visble
wavelengths and practical methods of astro-
nomical observations. Topics: astronomical
coordinates, time, geometrical optics, tole-
scopes, photomultipliers and other detectors,
photon counting, signal-to-noise ratios, limita-
tions imposed by the earth's atmosphere on
optical observations, photography, photometry,
spectroscopy and time variability. Project at
Wallace Astrophysical Observatory.
J. L. Elliot, L. M. French

12.118 Project In Optical Astronomy
Prereq.: 12.117J or 8.287J
U (J, 2)
Arr.

Students select an observing project to be
carried out at one of Mirs observatories or
another facility, depending on telescope and
instrument scheduling constraints. Regular
seminar meetings discuss the observations,
data analysis, and interpretation of the results.
Requires a written report on the project. Per-
mission of Instructor.
L. M. French, J. L. Elliot

12.131J Planetary Science I

(Same subject as 8.291J)
Prereq.: 8.03, 18.03
U (1) SD
3-0-9

Study of the solar system with emphasis on
the physical interpretation of its properties.
Comprehensive overview of the solar system;
accretion of the planets; solar system dynam-
Ice with applications to planetary orbits and
rings, terrestrial planets and gas giants, phys-
ics of comets, asteroids, and the interplanetary
medium.
D. C. Jewitt, C. C. Counselman

12.132J Planetary Science I1

(Same subject as 8.292J)
Prereq.: 12.131J or 8.291J
U (2) SD
3-0-9

Study of the solar system with emphasis on
the physical Interpretation of its properties. im-
pact, volcanic, and other surface processes on
planets and satellites; thermodynamics, con-
vection and magnetic fields In planetary inte-
riors; dynamical, radiative, and chemical
properties of planetary atmospheres.
D. C. Jewiff, J. Wisdom

12.133J Dynamical Astronomy
(12.115)
(Same subject as 8.293J)
Prereq. 18.03, 8.03, 12.131
U (2) SD
3-0-9

Kepler's laws and the law of gravitation. One
and two-body motion; orbits In space and
time. General and special cases of the n-body
problem. Disturbed motion of two bodies; vari-
ation of orbital elements; planetary and satel-
lite theory; periodic and secular effects; orbital
resonance. Astronomical coordinate systems
and time. -Numerical Integration of orbits. Max-
lum-likelihood estimation of orbital Initial condl-
tions and astronomical constants. Emphasizes
throughout applications to actual problems,
both historical and current, rather than on
mathematical theory per so.
C. C. CounseIman

12.151 Advanced Field Geology I (A)
(New)
Prereq.: 12.02, 12.03, 12.051, 12.052
G (1) Not to be offered 1987-U
2-2-2

Introduction to the problems to be Investigated
In 12.152 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 spe-
cific to the area to be studied in 12.152.
B. C. Burchflel, K. V. Hodges, L. H. Royden

12.152 Advanced Field Geology 11 (A)
(New)

Prereq.: 12.151
G (J, 2) Not to be offered 1987-88
Arr.

In January a geological study of a selected
field area is conducted during a four-week ex-
cursion. The following term Includes: 1) prepa-
ration of maps and report based on field study
conducted in January, and 2) laboratory analy-
sis of samples.
B. C. Burchflel, K. V. Hodges, L. H. Royden

12.20 Global Water Cycle
(Revised Content and Unit)
Prereq.: 5.03, 8.03
U (1)
2-0-4

Distribution of terrestrial water. Evaporation
and rainfall; relationship to atmospheric circu-
lation. Cloud and water vapor measured from
ground, aircraft and satellites. Water balance
of continents and oceans. Droughts and
floods; Interaction with blosphere including
food production. Use of stable and radioactive
Isotopes to trace movement. Fossil water.
Role in atmospheric energy budget. Precipita-
tion as removal process for aerosols. Chemi-
cal weathering In the terrestrial environment.
Factors controlling oceanic composition.
R. E. Newell, J. M. Edmond

12.21 Physios of the Oosean
Prereq.: 8.03, 18.03
U (2) SD
3-0-9
introductory survey of oceanic circulation and
dynamics. Descriptive aspects of water mass
movement, currents, and physical properties
of the ocean. Dynamic models of currents and
waves based on fundamental physical
principles.
P. Malanotte-Rizzoll

12.221-12.229 Project Studies In
Oceanography
Prereq.: -

U (1,2)
Arr.

Extended participation In work of a research
group, Including Independent study of the liter-
ature, direct Involvement in group's research
(commensurate with student's skills and prep-
aration), or project work under an Individual
faculty member extending over more than one
term. Admission by arrangement with Individ-
ual MIT and Woods Hole faculty members.
Staff

12.23 Environmental Chemistry:
Human Impact
Prereq.: 5.80 or 10.13
U (1)
3-0-9

Introduces the basic relevant principles and
concepts In blogeochemistry, marine chemistry
and physics, and atmospheric chemistry and
physics through an examination of three cur-
rent problems In environmental chemistry: 1)
acid rain, 2) chlorofluorocarbons and ozone,
and 3) carbon dioxide and climate. An Intro-
duction to environmental chemistry for stu-
dents In basic sciences and engineering.
R. 0. Prinn, E. A. Boyle

12.24 Topics In the Physics of
Atmospheres and Oceans
Prereq.: 8.03, 18.03
U (1)
3-0-9

Representative problems In meteorology and
physical oceanography selected to Illustrate
the scientific methods and principles used in
these fields. Includes: the evolving view of ex-
tratropical cyclones, the general circulation of
the oceans, tides, predictability, atmospheric
electricity, and the Impact of changes In solar
constant on climate. Primarily for juniors and
seniors.
P. H. Stone, Staff
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Graduate Subjects

12ThG Graduate Thesis (A)
Praq.: -
G (1,2,S)
Arr.

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 W. F. Brace.

12W.ThG Graduate Theele (A)
Prereq.: -
G (1, 2, S)
Arr.

Program of graduate research leading to the
wrng of an S.M., Ph.D., or Sc.D. Theal, to
be arranged by the student and an appropriate
MITAHOI faculty member. For students reg-
istered in MIT/WHOI Joint Program In Ocean-
ography. Consult E. A. Boyle.

Geology and Geochemistry

12.301, 12.302 Seminar In Geology and
Geochemistry (A)

Prereq.: 12.02
G (1)
2-0-4

Fall seminar on topics of current Interest in
geology and geochemistry. Required back.
ground preparation for students taking pre-
doctoral general examinations in these
subjects
S. R. Hart Staff

12.311 Seminar in Regional Tectonics (A)

Prereq.: -
G (1, 2)
3-6

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 loam the range of
orogenic responses to temporal and spatial
variations of activity at plate boundaries. Per-
mission of instructor required.
B. C. Burchfiel

12.32 Mechanics of Sedimentary
Processes (A)
Prereq.: 1.05 or Permission of Instructor
G (2) Next ofered 1967-8B
3-0-9

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; rosl6n and deposition of cohesive sedi-
ments. Sediment gravity flows; sorting of

sediments by -asle 1"and density. Inter-
pretation of primary structures and textures in
modem and ancient sedimentary deposits on
the basis of sediment-transportation
mechanics.
J. B. Soutard

12.33 Petroleum Geology
Prereq.: Permission of instructor
G (1, 2)
3-6

Origin, migration, and accumulation of petro-
leum. Geology of major oil producing regions
of the world. Geological and geophysical ex-
ploration techniques. Other topics of current
interest. Taught by Crosby Visiting Professors.
Consult Department headquarters.

12.34 Mineral Deposits
Prereq.: Permission of Instructor
G (1,2)
3-6

Geologicai occurrence of the principal types of
mineral deposits. Description of important ex-
amples In each category, together with exami-
nation of the ores. Modem hypotheses of
origin of deposits and of metallogenic prov-
Incs. Discussion of relationships with plate
margins. Taught by Crosby Visiting Profes-
sors. Consult Department headquarters.

12.36 Megascopic Strain Analysis In
Orogenio Belts (A)
(New)

Prereq.: 12.03
G (1) Not to be offered 197-68
3-0-6

Introduction to modem techniques used to es-
Umate the magnitude of strain in orogenic
belts. Emphasis on megascopic strain analy-
als. Inciles: 1) methods of determining sense
of shear in various structural settings; 2) the
construction of 2D balanced structural sec-
dons; 3) the construction of 3D structural sec-
tIons; and 4) graphical reconstruction of 2D
and 3D sections to pre-deformational
configurations.
K. V. Hodges

12365 SemInar In Rock Mechanics (A)

Prereq.: -
G (1, 2)
2-0-4

Discussion of current research or advanced
topics in continental tectonics, rock mechan-
ics, or experimental structural geology.
W. F. Brace, B. Evans

12.36 Sedimentary Basins (A)
(New)

Prereq.: 18.03, 12.03
G (2) Not to be offered 1987-8
3-0-6

Formation and evolution of basin systems in
continental crust (including passive continental
margins, foredeep accretionary basins, back-
arc type basins, intra-plate rifts, etc.) are ex-
amined with regard to tectonic settings, struc-
tural and sedimentary features, and deep

Itheophec proceess. Case studs of sev-
eral sedimentary basins of each type. Hydro-
carbon maturation migration and accumulation
is discussed in light of basin evolution
processes.
L. H. Royden

12.38612.365 Special Problems in
Geology-Geoheniletry (A)
Prereq.: -
G (1, 2)
An.

For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork in geology, petrology, miner-
alogy or geochemistry. L. H. Royden (12.385);
K. V. Hodges (12.386); T. L. Grove (12.387);
R. G. Bums (12.38e); J. M. Edmond (12.389);
F. A Frey (12.390); S. R. Hat (12.393);
Staff (12.394); B. C. BurchFael(12.395); J. B.
Souhard (12.396); E. A Boyle (12.397); Staff
(12.398, 12.399).

12A01 Meteorites: From Stones to Stare
Prereq.: 12.02
U (2)
2-0-2
Discusses various classification schemes for
imeteorites based on metamorphic, chemical,
and isotopic criteria; early chronology of the
solar system and cosmochronology based on
long- and short-lived isotopes; chemical oom-
position of meteorites and its relationship to
other solar system objects; condensation the-
cry; nucleosyntheeis and the isotopic composi-
tion of meteorites; the origin of cosmic rays
and solar wind and their record in meteorites;
ancient sun actvity and ancient galactic evolu-
tion. Subject offered last half of semester.
Consult C. J. Allegre, S. R. Hart.

12A02 Isotopic Tracers in Metallogeneels
Prereq.: 12.02
U (2)
2-0-2

Discusses principles of stable isotope fraction-
ation; systematics of the stable isotopes of hy-
drogen, carbon, oxygen, and sulfur in ore
deposits; principles of radiogenic isoltopes as
geologic tracers and the systematics of Sr,
Nd, Pb, and rare-gas isotopes in ore deposits;
case studies of the use of both stable and re-
diogenic isotopes in ore deposit genesis; re-
gional aspects of ore deposits and their
relationship to the chemical geodynamics
model. Subject offered last half of semester.
Consult C. J. Allegre, S. R. Hart.

12.411 Isotope Geology (A)

Prereq.: 12.02
G (2) Not to be offered 1967-8
3-0-6

Applications of the variations in the relative
abundance of radiogenic and stable isotopes
to geologic problems. Topics: geochronology,
studies of petrogenesis, geologic processes
that can be traced by stable Isotope fractions-
tions, techniques, and instrument design.
S. R. Har
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12.42 Geochemistry of the Transition
Elements (A)
Prereq.: 3.091, 12.02
G (1) Next offered 1987-66
3-0-9

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 Moss-
bauer, EPR, ESCA, and electronic absorption
spectroscopy of minerals In the earth and
planetary sciences.
R. G. Bums

12.43 Pressure-Temperature-Time
Evolution of Orogenic Belts (A)
(New)
Prereq.: 3.01 or 5.60, 12.062, 18.03
G (1) Next offered 198746
3-0-6

Multidisciplinary introduction to modem tech-
niques used to analyze burial and uplift histo-
ries of metamorphic terrains. Includes:
1) geochronologic systems; 2) closure tem-
perature theory and the use of geochronologic
systems as thermochronometers; 3) geo-
thermometry and geobarometry; 4) thermody-
namic modeling of P-T paths; 5) thermal struc-
ture 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

12.45 Trace Element Geochemistry (A)

Pr-req.: 12.071
G (1)
3-0-9
Studies element distribution in rocks and min-
erals using data obtained from natural and ex-
perimental systems. Emphasizes models
describing trace element partitioning and ap-
plications of trace element geochemistry to
problems in igneous geology.
F. A. Frey

12.46 Geohemical Kinetics (A)

Prereq.: 12.02
G (2) Next offered 1987-88
2-0-4

Basic principles of kinetics, both theoretical
and phenomenological. Solutions of diffusion
equation; reviews experimental data and tech-
niques for silicate liquids and solids. Applica-
tions to natural geochemical systems.
S. R. Hart

12.48 Advanced Igneous Petrology (A)

Prereq.: 5.60 or 3.00
G (2) Next offered 1987-88
3-3-6

Therrhodynamics, experimental phase equilib-
ria, and kinetics combined to infer the physical
conditions of igneous rock crystallization and
magma production. Uses results of experi-
mental studies to constrain processes that
control magma genesis and give rise to the di-

versity of Igneous rocks. Discusses theoretical
approaches to thermometry-barometry tech-
niques involving solid/solid and mineral/liquid
reactions, kinetic controls on crystallization,
and properties of silicate melts.
T. L. Grove

12.490-12.49 Advanced Seminar in
Geology and Geochemistry (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.

Problems of current interest in geology and
geochernistry. Subject matter varies from term
to term. Staff (12.490); T. L. Grove (12.491);
R. G. Bums (12.492); F. A. Frey (12.493);
S. R. Hart (12.494); K. V. Hodges (12.495);
Staff (12.496); L. H. Royden (12.497); 8. C.
Burchflel (12.498); J. B. Southard (12.499).

Geophysics and Planetary
Physics

12.501 Essentials of Geophysics (A)

Prereq.: 8.02, 18.03
G (1)
4-0-8

Overview of basic topics in solid earth geo-
physics, such as the Earth's rotation, preces-
sions, and wobble, gravity and magnetic fields,
seismology, and thermal structure. Formula-
tion of physical principles presented in three
1-hour lectures per week. Current applications
discussed in an additional 1-hour tutorial each
week.
M. K. McNutt, T. H. Jordan

12.502 Plate Tectonics and Marine,
Geophysics (A)
Prereq.: 8.03, 18.075
G (2)
3-0-9

introduces the formal theory of plate tectonics.
Interpretation of magnetic anomalies and the
age of the ocean floor. Thermal structure of
the plates. Ocean floor depths and heat flow.
Gravity anomalies. Crustal loading and litho-
spheric flexure. Crustal generation. Seismo-
logical constraints on plate structure. Applies
these ideas to the evolution of the ocean
basins.
M. K. McNutt

12.512 Geoslectricity (A)

Prereq.: 8.03, 18.076
G (2) Next offered 1967-4
3-0-9

Electrical properties of earth's crust and man-
tie and application of electrical measurements
to a variety of geological and geophysical
problems both practical and impractical. Sub-
ject matter includes electrical properties of po-
rous media and high-temperature conduction
In minerals. Applications include electrical and
electromagnetic measurements to investigate
rock types, mineral emplacements, fluid flows,
earth strains, and mantle temperatures.
T. R. Madden

12.514 Geomagnetism (A)

Prereq.: 8.03, 18.076
G (2) Not to be offered 1987-6
3-0-9

Surveys magnetic and electromagnetic proper-
ties and processes in the earth's environment.
Plasma environment of earth's magnetosphere
and Ionosphere and electromagnetic wave and
particle phenomena occurring therein. Electric
properties of the earth's interior. Magnetohy-
drodynamic origin of magnetic fields of earth
and other astronomical bodies.
T. R. Madden

12.516 Seismic Imaging (A)

Prereq.: 12.107 or 12.521; 6.003 or 6.341 or
12.761 or 13.74J
G (2) Not to be offered 1967-66
3-0-6

The use of seismic techniques to image the
subsurface. Emphasis placed on wave propa-
gation modeling and signal processing for re-
flection and vertical seismic profiling. Includes
statics, stacking, decbnvoluton, wavelet esti-
mation, velocity estimation, f-k filtering, tau-p
analysis, migration, tomographic methods,
modeling, Inversion, seismic sources and
stratigraphic Interpretation.
G. L. Duckworth

12.521 Elements of Seismology (A)

Prereq.: 18.075
G (1)
3-1-8

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 propa-
gation in layered media. Seismic ray theory
and interpretation of travel times. Surface
wave dispersion and layered media. Seismic-
ity, earthquake magnitude, moment and
source properties.
M. N. Toksoz

12.522 Low-Frequency Seismology (A)

Prereq.: 8.06, 18.076
G (2) Not to be offered 1967-68
3-0-9

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 the-
ory; 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 3D earth structure.
T. H. Jordan

12.523 Seismology Seminar (A)

Prereq.: 12.521
G (1, 2)
2-0-6

An advanced reading and seminar subject on
topics in seismology and closely related fields
involving critical analysis of current literature.
T. H. Jordan, S. C. Solomon, M. N. Tokadz
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12.5*4 High-Frequenoy Selemology (A)
Prereq.: 8.06, 18.076
G (2) Nxatonored 1916746
3-0-9
Solomological theoky and methods based on
high-frequency approximations to transient
displacoement fields. Elastodynamic equations;
representation theorems; moment-tensor rep-
resentation; radiation patterns. Propagator and
refleclvity methods; WKBJ and Langer ap-
proximatons. 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

12.563 Inverse Problems In Geophysics (A)
Prereq.: 18.075
G()
3-0-8
Problems of determining physical parameters
of the earth's Interior from surface observation
of wav and potential fields. Iterative methods
and linear analysis of parameter sensitMty
and data error effects. Stochastic models of
parameter fluctuations. Exact Inversion meth-
ods for one-imensional problems. Migration
and mraton-like procedures for inversion.
T. R. Madden

12.534J Geophysloal and Oceanographc Prereq.: 8.03,16.03
Signel ProcessIng 11 (A) ' (2)
(Same subject as 6.456J, 13.742J) 3-0-9
Preeq.: 6.341 or 12.761 or 13.741J or 12.713
0 (2) Muot oftee 19676
3-1-8

Advanced topics In time-series analysis and
signal processing as applied to geophysical
and oceanographic problems such as seismic
exploration, ocean wave spectra, and acousti-
cal propagation and noise. Covers modem
spectra analysis techniques, multichannel
spectral analysis, deconvolution methods, spa-
tial random process characterization and array
p- techniues. Includes -
of estmaton techniques commonly used in In-
verse problems. Lab utilizes computer Imple-
mentatons of topics covered.
G. L Ducnaorth, A. B. Baggeroer

12.54 Planetary Interior (A)
Prereq.: 12.07, 18.075
G(2) Motto be ofNered 1987-4
3-0
Constituion, evolution, and structure of the In-
teriors of the terrestrial and Jovian planets and
of their satellites. Surface and integral proper-
ties of the planets and satellites. Gravitational
fields and equilibrium configurations of plane-
tary bodies. Equations of state of planet-form-
Ing materials. Intemal structure of the planets
and satellites. Planetary magnetic fields. Ther-
mal evolution, convection, and their relation to
surface tectonics.
S. C. Solomon

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-
tie fracture and ailing, and pressure solution
processes. Results of field petrologic and
structural studios compared to data from ex-
perimental structural geology.
B. Evans

12.75 Geological Fluid Mechanics (A)

Prereq.: 8.03, 18.076
G(2) Not to be offered 1967-4
3-0-9
Treats heat transfer and fluid mechanics in the
earth. Low Reynolds number flows, convection
in stability and double diffusion. Non-Newton-
lan flows, flow In porous media, and %ie Inter-
action of flows with accreting and deforming
boundaries. Applications include the flow un-
der plates, postglacial rebound. diapirism, and
the mantle convection problem.
(Woods Hole Staff): J. A. Whlteh

12.6M0-12.594 Seminar In Geophysics (A)

Prereq.: -
(1, 2)

Arr.
Problems of current Interest in geophysics;
subject matter varying from term to term.
Staff (12.580); W F. Brace (12.581); B. Evans
(12.562); M. N. Tokadz (12.563); T. R. Mad-
den (12.564); M. G. Smons (12.585); M. K.
Mcutt (12.568); Sta,(12.587); S. C. Solo-
mon (12.568); Staff (12.589), T. H. Jordan
(12.590); G. L. Ducworth (12.591); Staff
(12.592, 12.593, 12.594)

12.6 Properties of Rooks (A)
Prereq.: 8.03, 18.03
G (1)
3-0-9

Physical properties of rocks and their relation
to cracks, pores, and minerals. Topics: elastic,
transport, electrical, and magnetic properties;
methods of measurement; and the factors that
control each property. Applications to geo-
technical engineering, borehole logging,
geophysical exploration.
M. G. Simmons

12.56 Advanced Seminar In Plate
Tectonics (A)

Prereq.: 12.07, 12.502
G (2)
3-0-

Basic observations and theoretical develop-
ments in sea-floor spreading, plate tectonics,
continental tectonics, and marine geophysics.
Data from seismic, magnetic, heat flow, gravity
measurements and other sources used to
study the properties of the lIthosphere, the as-
thenosphere, and the motions of the plates.
Reviews key papers and latest articles.
T. M. Jordan, M. K. McNutt, L. H. Royden,
S. C. Solomon, M. N. Tokedr

12.57 Mechanical Properties of Rocks (A)

12.00-12.614 SpecWal Problems In
Geophysics (A)
Prereq.: -
G (1, 2)
Arr.
For graduate students desiring to perform spe-
cial Investigations, special laboratory work, or
special fieldwork In geophysics. Staff (12.600);
B. Evans (12.601); M. N. Tokedz (12.602); S.
C. Solomon (12.603); T. R. Madden (12.604);
M. G. Simmons (12.605); M. K. McNutt
(12.606); Staff (12.607); W F. Brace (12.608);
Staff (12.609); T. H. Jordan (12.610); G. L.
Duckworth (12.611); Staff (12.612, 12.613,
12.614).

12.615 Solar System Dynamics (A)

Prereq.: Permission of Instructor
G (1)
3-0-9
Modem overview of solar system dynamics
with emphasis on the qualitative behavior of
the orbits and spins of the planets and their
natural satellites, and the slow changes due to
tidal Interactions. Includes: spin-orbit coupling
of Mercury, chaotic tumbling of Hyperion, cap-
ture Into resonance, chaotic behavior and the
Kirkwood gaps in the asteroid bet, origin of
meteorites, tidal dissipation and volcanism on
lo, history of the lunar orbit, and stability of the
solar system.
J. Wisdom

12.620J Radar Astronomy, Astrometry, and
Geodesy (A)

(Same subject as 6.662J)
Prereq.: 8.03, 18.075
G (1) Next offered 198748
3-0-9

Applies techniques of radio and radar to mea-
surement of the position , tal and rota-
tional motions, surface ant atmospheric
characteristics, 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 ra-
dar mapping astrometry and geodesy.
G. H. Pettengill, C. C. Counselman, D. H.
Staelin

12.660 Planetary Rings (A)

Prereq.: 12.131J or 8.291J, 18.075
G (2) Next ofered 198748
3-0-9

Discussion of spacecraft and ground-based
observations of the Jovian, Saturnian, and
Uranlan ring systems. Physical processes af-
fecting their structure and evolution. Relitions
to satellites and theories of ring origin.
J. L. Elliot



Eart, Atosphric andPlantar Scinces103D
12.600 Topics in Planetary Solence and
Astronomy (A)
Prereq.: Permission of Instructor
G (1)
1-0-5
Discussion of diverse topics within the field of
planetary science. Suitable subjects include,
but are not limited to: results of recent, as well
as plans for forthcoming, spacecraft missions
to the planets; application of laboratory experi-
ments to the study of the solar system; mod-
em ground-based and In-situ Investigations of
comets; relation among recent astrophysical
findings concerning the formation of stars and
the planetary system.
D. C. Jewit

12.691-12.699 Special Problems In
Planetary Physics (A)

req.: -
Ar(1, 2)
Arr.
For graduate students desiring to perform spe-
cial investigations, special laboratory work, or
special fieldwork In planetary physics. Staff
(12.691); D. C. Jewlft (12.692); G. H. Petten-
gill (12.693); J. Wisdom, (12.694); J. L. Elliot
(12.695); C. C. Counselman (12.696); Staff
(12.697); Staff (12.698, 12.699).

Meteorology and Oceanography

12.701 Marine Sediments (A)

Prereq.: Permission of Instructor
G (2) Not to be offered 1967-66
3-0-9

Sedimentary processes and interpretation of
the depositional record in coastal environ-
ments, continental margins, and the deep
ocean. Nearshore processes; sediments and
structure of continental margins; deep ocean
sediments (carbonates, clays, volcanogenic,
authigenic); physical and acoustic properties
of sediments; marine stratigraphy (excluding
blostratigraphy); abyssal processes; and
applications of marine sediments to paleo-
oceanographic studies.
(Woods Hole Staff): W. Curry

12.702 oceanic Volcanology and
Petrology (A)
Prereq.: Permission of Instructor
G (1) Next offered 1987-88
3-2-4

Igneous processes occurring within and
around the major ocean basins. Focuses on
current observational data and hypotheses
proposed to explain the observations. Dis-
cusses volcanic processes at spreading cen-
ters, tectonics and vulcanism along fracture
-zones, Island arcs, and subduction zones.
Vulcanism and magmatic trends along linear
Island chains. Some practical training in data
Interpretation, petrography, and mineralogy
may be arranged.
(Woods Hole Staff): W. Bryan

12.703 Marine Geology (A)
Prereq.: Permission of Instructor
G (2) Next offered 198748
3-0-6

Designed to acquaint those with a background
In geology and/or geophysics with the tech-
niques used to study the processes responsi-
ble for the evolution, composition, structure,
and morphology of the ocean floor. Includes:
techniques/Instruments with emphasis on mul-
tibeam sonar Imagery and remote sensing,
structure and processes on passive/active
continental and Interoceanic margins and In
ocean basins, tectonic evolution, mid-plate
volcanism, deformation of sedimentary
wedges at trenches, sedimentary processes,
ocean palsoenvironment. Deep Sea Drilling
Project.
(Woods Hole Staff): F. Uchupl

12.708 Fossils and Oceans:
Blostratigraphy, Paleoblology, and
Paleoceanography (A)
(New)

Prereq.: General and Historical Geology
G (2) Next offered 1907-68
3-2-7

The uses of microfossile In Interpreting the
geological history of the oceans and marginal
seas. Major topics cover the nature and Inter-
pretation of the microfossil record, strati-
graphic principles, geochronology, taphonomy
and petrogenesis, systematics and species
concepts, evolution, paleoblogeography and
paleoceanography. Associated labs treat the
sttatigraphic and evolutionary history of se-
lected groups In foraminifera, calcereous nan-
nannofossils, radiolaria and diatoms.
(Wood Hole Staff): W. Berggren

12.711 Marine Geophysics (A)

Prereq.: Permission of Instructor
G (1)
3-2-6

Introduction to theory and practice of marine
geophysics. Overall purpose Is to bridge the
gap between geophysical method and geologi-
cal understanding. Topics: measurements and
geological modeling of marine magnetic an-
omalles, gravity, topography, heatflow, sels-
mology, geochronology, and borehole logging.
Laboratory sessions devoted to actual data.
Extensive readings of geophysical literature.
(Woods Hole Staffl: R. Stephen, R. von
Herzen

12.712 Advanced Marine Seismology (A)
Prereq.: 12.711
G (1) Not to be offered 1987-68
3-0-6

Advanced course 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, M. Purdy

12.713 Topics In Geophysleal Time Series
Analysis (A)
Prereq.: Permission of Instructor
G (2)
3-6
Introduces selected aspects of geophysical
time series analysis, emphasizing step-by-step
transformation of raw data to a usable format
for statistical or dynamical modeling. Includes
Implementation of filtering techniques, fourier
transforms, sampling strategies, auto- and
cross-spectra, data adaptive techniques, and
empirical orthogonal function analysis. Dem-
onstrates application of these techniques to
high-frequency geophysical phenomena com-
mon to the shallow marine shelf.
(Woods Hole Staff): D. Aubrey

12.720 Special Problems in Physical
oceanography at Woods Hole (A)

Prereq.: -
G (1, 2, S)
Arr.

Reading, consultation, and original Investiga-
tion on oceanographic problems.
(Woods Hole Staff)

12.721 Special Problems in Marine Geology
and Geophysics at Woods Hole (A)
Prereq.: Permission of Instructor
Ar(1, 2, S)
Arr.

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 (A)
Prereq.: Permission of Instructor
G (1, 2, 5)
Arr.

For graduate students desiring to perform spe-
cial Investigations, special laboratory work, or
special fieldwork In chemical oceanography.
(Woods Hole Staff)

12.740 Paleoceanography (A)
Prereq.: Permission of instructor
G (2) Next offered 1987-65
3-0-9

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 DSDP materials to
Infer changes In temperature and current field
of the ocean and atmosphere, changes in
seawater chemistry, and to evaluate and con-
strain theories of environmental change.
E. A. Boyle
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12.741 Marine Goeohemrisby (A)
Prereq.: 5.11 or 3.091, 5.80
G (2) Next offered 1W748
3-0-9
Composition of seawater: chemistry of
aqueous solutions, Ionic association and dis-
socIatIon, and relevant calculations: concepts
of steady state and residence times of species
and discussion of static versus dynamic chem-
ical models of the ocean. Effect of oceanic cir-
culation on the chemistry Illustrated by the
CO, silicate, and Isotopic distributions. Dis-
cusses authigenic sediments, control of sea-
water composition, geochemical cycles.
Emphasizes development of problems and
topics by students and on calculations.
J. M. Edmond

12.742 Marine Chemistry (A)
(Revised Conterit end Unit)
Prereq.: Permission of Instructor
G (1)
2-0-10
Introduction to chemical processes operating
In the oceans (i.e., blogeochemical cycles), In-
cludes: Oceanic particles; cycling of organic
carbon, P 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): E. Sholkovitz,
0. Zaflrou, P. Brewer

12.743 Geochemietry of Marine
Sediments (A)
Prersq.: 5.11 or 3.091, 5.60
G (1) Not to be offered 1987-8S
3-0-9
Chemical and Isotopic composition of sedi-
ments In space and time. Present-day surface
sediments. Equilibria and kinetics. Effect of
sedimentary processes on the chemical com-
position of seawater. Dating and accumulation
rate estimation. Oxygen and carbon Isotope
bloStratigraphy. Effect of climate fluctuations
on sedimentary processes. Emphasizes math-
ematical techniques and modeling where
appropriate.
E. A Boyle

12.744 Marine Isotope Chemistry (A)
(New)
Prereq.: 12.742 or 12.741
G (2) Not to be offered 1907-8
3-0-8
Treats important aspects of radionuclides and
stable Isotopes as applied to the oceans. In-
cludes introduction to radio activity, natural-se-
rise radionuclides (i.e., 21OPb, 210Po, Th U)
artificial radionuclides (i.e. "4C, 3H, 13 Cs, WSr,
2* Pu) and systematics of several stable
isotopes (e.g., Nd, Sr, C, N, 0).
(Woods Hole Staff): E. Sholkovitz

12.745 Ore Deposition at Submarine Ridge 12.765 Numerlcal Modeling in
Axes (A) Oceanography (A)
(New) DPrere : Parmeiassn o instru4o

Prereq.: -
0(1) Not to be oflered 1987-66
3-0-8
Ridge crest hot springs; description of cur-
rentiy active systems. Geologic and tectonic
setting and exploration strategies. Hydrother-
mal chemistry of sediment-starved and sedi-
ment-covered spreading centers and
seamounts. Thermodynamic modeling of
water-rock Interactions using E0316. Descrip-
tion and classification of ore deposits formed
on the sea floor. Chemical and physical mech-
anisms of ore localization. Formation of metal-
liferoub sediments. Permission of Instructor.
J. M. Edmond, T. S. Bowers

12.746 Marine Organic Geochemistry (A)

Prereq.: Permission of Instructor
G (2) Not to be offered 1967-861
3-0-6

Includes: air-sea Interactions and atmospheric
chemistry; sources, transport, transformation,
and ultimate fate of organic materials In the
sea with an emphasis on specific organic
compounds; blogeochemistry of pollutant or-
ganic compounds In the ea; origin of fossil
fuels; stable Isotope geochemistry applied to
organic compounds; organometallic interac-
tions; and marine natural products chemistry.
(Woods Hole Staff): J. Farrington

12.751-12.759 Seminar In Oceanography at
Woods Hole (A)

Prereq.: -
0 (1, 2)
Arr.

Topics In marine geology and geophysics,
physical, dynamical, and chemical oceanogra-
phy. Content varies from term to term.
(Woods Hole Staff)

12.761 Oceanographic Time Series (A)

Prereq.: 18.075
G (1) Next offered 1987-8
3-0-8

Examines aspects of the problems encoun-
tered In using real, finite, discrete time series
data from oceanographic experiments. In-
cludes z-transforms, Wiener filters, minimum
phase systems, spectra, bi-spectra, array
antennas, data adaptive methods.
C. Wunsch

12.762 Experimental Physical
Oceanography (A)

Prereq.: Permission of Instructor
G (2) Next offered 1987-8
3-0-6

Philosophy and design of physical experi-
ments in the ocean. Review of dynamic and
kinematic equations, scaling and sampling
theory. Description of previous experiments
with regard to formulation of a hypothesis from
a conceptual or theoretical model; translation
of the hypothesis into an experimental design;
and analysis of measurements.
(Woods Hole Staf): H. L. Bryden

G (1) Not to be oftred 167-48
3-0-

Introduction to numerical modeling techniques
with emphasis on oceanographic applications.
Survey of standard methods for numerical ap-
proximation of partial differential equations, in-
cluding explicit and implicit time-stepping,
over-relaxation, stability analysis, sources of
error, and the use of spectral (Galerkidn) meth-
ode. Focus on applications to ocean modeling,
including the implementation of general circu-
lation and shelf models. Extensive "hands on"
experience in applying techniques. Some
background in FORTRAN programming
required.
(Woods Hole Staff): D. Chapman

1&..164 Laboratory Course, In Geophysical
Fluid Dynamics (A)
(Revised Unit)

Prereq.: Permission of Instructor
G (2)
1-3-3

A substantial portion devoted to simple experi-
ments which simulate large-scale geophysical
flows and hence Involving rotating or stratified
fluids. Topics include properties of surface and
internal waves, flow over topography, convec-
tion, and boundary layers. Aspects of smaller
scale flows (low Reynolds number, surface
tension, Langmuir coils) covered. The last
third devoted to a student project.
(Woods Hole Staff): J. A. Whitehead

12.773 Air See Interactions (A)

Prereq.: Permission of Instructor
G (2) Not to be offered 1987-4
3-0-
Concentrates on methods, Instruments, and
recent results In the interaction of the atmo-
sphere and the ocean on spatial scales less
than 1,000 km and time scales less than sea-
sonal. Topics emphasized are vertical fluxes
of momentum, heat and moisture over the
ocean, mixed layer development, and parame-
terization of ocean forcing by synoptic scale
meteorology. Examples taken from recent
experiments.
(Woods Hole Staff): R. Weller, J. Price

12.781 Dynamics of Shelf Circulation 1(A)
Prereq.: 12.800
G (1) Not to be offered 190748
3-0-6

General introduction to the dynamics govem-
Ing flow over the shelf. Transient response to
wind forcing In closed basins and along open
coasts. Simple effects due to stratification, to-
pography, and to bottom friction as well as
some aspects of thermocline circulation. Per-
mission of the instructor required for students
without 12.800 background.
(Woods Hole Staf):R. Beardsley, K. Brink
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12.732 Dynamlos of Shelf Circulation 11 (A)
P req.: 12.781
0 (2) Not to be ofered 1907-88
3-0-
More *clailized topics In the dynamics of
flow over the shelf, Including boundary layer
physics, tides, and coastal-trapped waves.
Emphasis placed on the relationship between
theory and observations and on the design
and analysis of fleid experiments. Topics cov-
ered depend somewhat on the background
and research Interests of the students
enrolled.
(Woods Hole Staf): K. Brink

12.730 Introduction to Observational
Physical Oceanography (A)
Prereq.: Permission of Instructor
G(1)
3-0-
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 circu-
lation and the time-dependent processes
which contribute to it. Includes the physical
setting of the ocean, atmospheric forcing, ap-
plication of conservation laws, description of
wind-driven and thermohaline circulation, eddy
processes, and Interpretive techniques.
(Woods Hole Sta): N. HM

12.791 To In Moden Obarvational
Physlcal Oceanography (A)
Prereq.: 18.078
0 (1) Not to be offered 198748
3-0-6

Topics In large-scale observational/theoretical
oceanography not Included In more conven-
tional courses. The theme Is the problem of
observing the ocean on basin and global
scales through recent developmnents In obser-
vational techniques and their associated math-
ematical methods. Introduces acoustic
tomography, satelte altimetry, large-scale
general circulation and chemical tracers, In-
verse methods, linear and quadratic program-
ming, objective mapping, optimal estimation
theory.
C. Wunsch

12.600 Pluid Dynamics of the Atmosphere
and Ocean (A)
Prereq.: 8.03, 18.04
G (1)
3-0-9
Introductory subject for first-year graduate stu-
dents In merolgy and oceanography. Eu-
lerlan and Lagrang kinematics. Equations
of mass, momentum, and energy In Eulerian
form in rotating frame of reference. Vordcity
and divergence. Scaling and geostrophic ap-
proximation. Potential vortcity. Rossby waves.
Ekman layers. Wave motion and instability.
Thermal convection.
E. N. Lorenz

12.801 Steady CIrculatIon of the Ocean (A)
Prereq.: 12.800
G (2)
3-0-9
Fundamental principles In modeling steady
flows in the ocean and their analogues In the
atmosphere. Illustrates general methods which
apply to either fluid and contrasts between
them. Including quasi-geostrophy on the beta
plane and sphere, Ekman pumping, Hadley/
Ferrel circulations, wind- and thermally driven
ocean circulation models, western boundary
current dynamics, upwelling systems.
W R. Young

12.802 Wave Motions In the Atmosphere
and Oceans (A)
Prereq.: 18.350 or 12.800
G (2)
3-0-9
Wave motions In ocean and atmosphere. En-
ergy flux, group velocity, dispersion, wave ac-
tion. Shallow water theory, Intemal waves,
Rossby/planetary waves, equatorial waves, ti-
des. Resonant interactions, wave-mean flow
interaction. Discussion of observational base
with emphasis on the ocean.
C. Wunsch

12.804 Dynamics of the Atmosphere (A)_
Prereq.: 12.800
G (2)
3-0-9
Review of equations of motion. Zonally aver-
aged budgets of heat, momentum, and water
vapor. Review of historical understanding of
the maintenance of zonal winds. Symmetric
models of the general circulation. Introduction
to waves and eddies in non-rotating and rotat-
Ing fluids: specifically Internal gravity waves,
tides, Rossby waves, barotropic and baroclinic
Instabilities. The Interaction of these asymmet-
do components of the motion of the atmo-
sphere with the zonally averaged circulation
discussed. Emphasis on specific observed
phenomena.
R. S. Llndren

12.005 Synoptic Scale Dynamics In the
Atmosphere and Oceans (A)
Prereq.: 12.800, 12.801, 12.802

3-0-9
Quasl-geostrophic equations for a stratified
fluid on a sphere. Potential vorticity equation
and low Rossby number. Available potential
energy. Internal Rossby waves; the vertical
structure equation and spin down. Planetary
mountain waves and radiation of energy. Ini-
stability of currents In the atmosphers and
oceans. Necessary conditions for Instability.
Baroclinic and barotropic Instability. Energy
cycles In the general circulations. Enstrophy
and geostrophic turbulence.
G. R. FIeri

12.606 Instability and Turbulence In
Geophysical System (A)
Prereq.: 12.805
G (2)
3-0-9

Compruhensive introduction to the methodol-
ogy of stability theory as applied'to problems
of Interest In geophysical fluid dynamics. Em-
phasIzes problems govemed by quasi-gso-
strophic dynamics. Topics In linear theory
Include: baroclinic-barotropic instability, nu-
merical methods for elgenvalue problems,
Rossby wave instability, symmetric instability,
and solution of initial value problems. Nonlin-
ear Instability.
P. H. Stone, J. Pedloeky

12.101 Pact and Preeent Climate
Prereq.: 8.03
U (2)
3-0-9

12.810 Past and Present Climate (A)
Prereq.: 8.03
G (2)
3-0-9

Properties of climate system. Climatic fluctua-
tions on time scales up to 100,000 years.
Phenomena of drought, biennial oscillation,
Southern Oscillation and El Nifio, and other In-
terannual fluctuations. Role of volcanoes, car-
bon dioxide changes, and anthropogenic
effects 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 in-
teractions. Climate and agriculture. Suitable
for undergraduate and graduate students with
little or no previous background in
meteorology.
R. E. Newell

12.811 Introduction to Meteorology
Prereq.: 8.03, 18.03
U (1)
3-3-6

12.812 Introduction to Meteorology (A)
Prereq.: 8.03, 18.03
G (1)
3-3-e
Development of elementary dynamical con-
cepts such as geostrophic and hydrostatic bal-
ance, conservation of momentum and energy,
and circulation and vorticity conservation. At-
mospheric thermodynamics. KInemado of at-
mospheric flows. Exposition and basic physics
of atmospheric phenomena, including the gen-
eral circulation, extratropical cyclones and an-
ticyclones, tropical storms, stationary waves,
and cumulus convection. Laboratory studies 1I-
lustrating fundamentals of meteorological data
analysis and forecasting. Serves as a general
Introductory course open to juniors and so-
niors and encouraged for graduate students
with no prior exposure to meteorology.
K. A. Emanuel, R. M. Dole
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12.844 Synoptio Metertology (A)
Prereq.: 12.811
G (2)
3-3-6
Planetary scale waves: structure and Interpre-
tation. Explanations of extra-tropical cyclones
and andcyclohes from polar-front theory to
quesigeostrophlc theory. Fronts and frontogene-
Mie. Cumulus convection and its Interaction
with larger scales of motion. Techniques
for analyzing meteorological data.
R. M. Doa, K. A. Emanuel

12.46 Numerical Modeling In Meteorology
and Oceanography (A)
Prereq.: 12.802
G (2)
3-0-9

Derives simplified sets of model equations,
primarily by scale analysis. Discusses charac-
tsristos of atmospheric and oceanographic
modons relevant to numerical analysis. Stud-
les principal numerical methods used In geo-
physical fluid models. Consistency,
convergence, linear and nonlinear stability.
Data assimilation and the problem of meteoro-
logical noise. Draws examples from meteorol-
ogy and oceanography, with emphasis on
numerical weather prediction. Consult Depart-
ment headquarters.

12.860 Physlcal Meteorology (A)

Prereq.: 5.60,18.075
G (1)
3-0-9

Introduces atmospheric thermodynamics,
physics, and chemistry. Thermodynamics of
moist and dry air. Physics and chemistry of
clouds and precipitation. Transfer of solar and
thermal radiation through the atmosphere and
radiative heatng. Atmospheric electricity. Re-
mote sensing of atmospheric temperature,
winds, predpitation, and composition by pas-
aive (e.g., infrared radiance) or active (e.g., ra-
dar) techniques.
R. G. Prinn, E. R. WIlams

12.881 Topics in Waves and instabIlity (A)

Prereq.: 12.802 or 12.804, 12.805
G (1)
3-0-9

A detailed presentation of selected advanced
topics in waves and Instablity in the atmo-
sphere. Includes wave-mean flow interamion,
the quas-ena oscillaio, sudden warm-
Inge, critical level behavior, wave overeflec-
tion, nonlinear equilibration and wave
brealdng.
R. S. Lindren

12.-6 Diagnostl Studiee of the General
CIrculatIon (A)
Prereq.: 12.801 or 12.802
G(1)
3-0-9

Description of diagnostic studies of atmo-
spheric transports and energetcs and discus-
sion of their Implications for the theory of the
structure and general circulation of the atmo-
sphere. Discusses the validation and use of
numerical general circulation models as at-
mosphe i analogs.
P. H. Slone, R. D. Rosen

12.884 Atmospherlo Modeling (A)
Prereq.: 12.801 or 12.802, 12.850
G (2) Next offered 1987-68
3-0-9

Develops simple models for radiative heating,
small-scale convection, and large-scale advec-
tion. Applies these models to comparative
studies of planetary atmospheres and to cli-
mate problems.
P. H. Stone

12.88J Turbulence and Random
Processes in Fluid Mechanios (A)
(Same subject as 16.044J)
Prereq.: 1.612 or 2.20 or 16.035
G (1)
3-0-9

See description under subject 16.044J.
M. T Landahl, J. H. Harltonfidls

12.666 Atmoepherlc Convection (A)

Prereq.: 12.800
G(2) Not to be ofered 1907-8
3-0-9

Introduction and theory of dry convection over
isolated heat sources. Basic theory of Ray-
leigh convection. Extensive treatment of the
thermodynamics of moist and cloudy air. Ob-
servations and dynamics of isolated convec-
tive clouds; turbulence In saturated and partly
saturated mixtures. Moist and dry convective
boundary layers. Organization of moist con-
vecdon on larger scales and Interaction of
convective ensembles with the large-scale
environment.
K. A. Emanuel

12.673 Upper Atmosphere and
lonoephere (A)
Prereq.: 12.800, 12.850
G (2) Not to be ofered 1987-6
3-0-9

Describes composition, structure, circulation,
and energetics of upper atmosphere and lon-
osphere. Transport of trace substances and
atmospheric escape. Chemical Idnetics In at-
mosphere. Photochemical-dynamical steady
states. Dynamics of upper atmosphere. Exci-
tation and propagation of Internal gravity and
quasi-geostrophic waves. Describes strato-
spheric ozone layer, emphasizing interactions
between chemistry, dynamics, and radiation.
Physics and dynamics of ionosphere and
magnetosphere and couping to the neutral
atmosphere.
R. G. Prihn, J. C. Fo@We, J. M. Holt W L.
CNVsr

12.74 Cloud and Preolpitatlon Phyelus (A)
Prereq.: 12.850,18.03, 5.80
G (1)
3-0-9
Introduces physics and chemistry of hydrome-
teor nucleation and growth in convective and
stratiform cloud systems, with discuesons of
the physics and state-of-the-art of cloud seed-
Ing. Consult Center headquarters, 54-1712.

12.675 Radar Meteorology (A)
Prereq.: 12.874
G (2)
3-0-9
Introduces radar sensing of the atmosphere
emphasizing the meteorological Information
content of coherent (Doppler) and non-coher-
ent (non-Doppler) radar signals. Consult Cen-
ter headquarters, 54-1712

12.676 Measurements In the
Atmosphere (A)
(Now)
Prereq.: -
0 (2)
3-0-9
Methods of observation In meteorology em-
phaszng current research problems and con-
flicts between theory and experiment.
Extraction of Information from observations for
comparison with theory. "Hands-on" experi-
ence In measurement techniques. Measure-
ments in area of radar meteorology
(precipitation, wind), atmospheric electricty
(electric felW, space charge, lightning), cloud
microphysics (water vapor, le crystals), at-
mospheric chemis (trace gae), barometry
(pressure, waves), radiation (temperature),
and optics (rainbow, glory). Permission of In-
structor Iequired.
E R. 0N#ams, R. G. Prdnn.

12-90-12.980 Seminar in Physical
Oceanography at MIT (A)
Prereq.: -
G (1, 2)
Arr.
Topics in marine geophysics, physical, dynam-
ical, and chemical oceanography. Content
varying from term to term.
Staff

12.110-12.181 Special Probleme in Physlel
Oceanography at MIT (A)
Prereq.: Permission of Instructor
G(1, 2)
Arr.
For graduate students desiring to perform spe-
cial Investigations, special laboratory work, or
special fieldwork In oceanography.
Staff (12.960); G. R. F 0erl (12.961); P. Matan-
offe-Rzzo# (12.962); C. L. Wunech (12.983);
W R. Young, (12.964); Staff (12.96-12.969).
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of micowa soutrlng, Infrared
U ennImision from rough-wr

faes. and ntm byeno s T,.e m
Optica theory for visible and neanr
wavelengs. CelestI mechanics for under-
eending WW dynamics and eomet dit-
WOMtoe Revleof modern setlle-bome
sensors and tehnolyand data anal-
y plla new and
data tepreon. Examples are to
over a wde of oceanogreshl, atmoe-

pherlo and g ywi phenomena. Permle-
elon of Insruloor.
(Woods NOe taf): H. C. Graber,
J. 8. Jullf, K. A. Kol

119716 App8 sen of Remote Sensing end
IaePreeeig A

(Same eubject as 1.11WJ)

0 2 Oto be offered 19078
344
Remote sensing techniqus learned In
12.975J will be applied to real data from
SEASAT, GES, NIMBUS, etc. Student will

hooses a data et and perform their own pro-
oesing on an iMage processor. They can be
used to teat ooncepte In vIsible, Infrared, aw-
tive, and passive microwave scattering meth-
ode. Lectures will ouver prnclple of Image
processing, smoothing, 1lterlng, noe reuo-
tion, and aensor clIbraton errors. A knowi.
edgeofoompuer and programming
techique Is assumed. Permission of
Inetructor.
(Wods Holt Saff): H. C. Graber, J. 8. Jafe
K A. Kll

12.00012.g6S Speel Probleme In
Meteorology (A)
Prreq:-
0(1,2)
Arr.
Reading, consultation, and original Investiga-
done on meterolo problema.
R. M. Dole (12.90 ; K. A Emanuel(12.981);
J . Foer (1 2.962); M. 8. Lnden (12.93);
E. N. L.oewn (12.904); R. E. Newel(12.918);
R. G. Prfnn (12.986); P. H. Stone (12.987);
P. Manofte-RuoU (12.908);
f. R. Wlam (12.90).

ILS012.698 Special Subjects In
Meteorology (A)
Prere.: -
G (1, 2, 8)
Arr.
Organized lecture or laboratory subject on
some aspect of meteorology not normally cov-
ered In the regularly scheduled subjects.
SION
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Ocean Engineering13

13AM Undergraduats Hesearh
Prere: -
U (1 2 S)

Research in engineering for the ocean envi-
ronmmnt including naval architecture, wave on-
orgy, selepnlfg, ocean exploratin, ocean
transportaon, oosen vehicles, uluzagon of re-
soumes, marine economics, systems analysis,
marine poky, marine hydrodnamics, ocean
acoustic., ocean structures, using yachts,
and some aspects of marine-related manage-
ment. WaW-equipped and modem laboratory
faciSle.
0. K-P Yue

130 computer-Aked Hydrostallos and
HuN surgeee DenniSon

.: 6.01, 18.02

3-3-0

Priniple. of hydrostatics with application to
ships and floating ofshore platforms. Static re-
epons to emal dielurbancos, intact and dam-
aged Stabily, oodable length. Mathematial
rspresntaton of plane curves and surfaces
by poyniomale and spine functons. Computer
graphicl representation of three-dimensional
ha- nun perspouve transformations.

Numial ntegration and differentiation wih
kplobn to ae Homewok

include wrting FO program and using
soware, devlop under Project Athena.
J. E. Kenn

13AlgW DynrAmle

(Sae eubjt as 2.031)
Prrm.: 2.01, 2.02, 18.03
U (1, 2)
4-4
See description under subject 2.03J.
J. K Van~dIr J. H. HAllams, k.

1.02l kiroduoon to Naval Amitueotwk
Prereq.: -

34-3
Elmentary princples of naval ship design and
stalie of naval architecture. Fairing of naval
Shp mne, alation, for and drawing of dis-
pioement and other curves, cross urves of
slabay curves of statical stability, and flood-
able long curves. Basic rcncepts from

00a# odeMWs and Idsbanln of a ghop
s a bo.Froude scaling and shi reels.

tance milations. Basic dgid body dynamics
and intoduotion to ship motone due to wave
ml.eton.

13.0 Marine Hydreodynmis I
Prereq.: 1.06 or 2.20
U (1)
41-7

Devlop hydrodynamic -inoe and their
applicadon in the fields of ocean engineering
and naval arhitecture. Model. viscous
fows and boundary w s. ows.
Added-mass and iforces. Ufting surfaces.
Surface waves.
D. K-P. Yue

13022 Marine Hydredynamies N (A)
Pro".: 13.021, 18.075

S(2)
4-0-8

Contnuaton of 13.021, emphasizing analytial
methods. Laminar and turbulent boundary-
layer theory. Ideal flow in two and.three
dlmsnalons. Uftng-aurface theory for steady,
unsteady, and cavitatng hydrofole. Water
waves. Loads and motons of bodies in waves.
Ship wave resistance. Hydrodynamics of len-
der bodies, maneuvering, strip theory of ship
motions.
J. N. Newman

13.06 Wave Poes on Marine
structures (A)
Prereq.: 18.075, 13.022
G (2)
3-04
Responses of ships and offshore platforms in
waves. Unear-wave theory, added-mass,
wave damplng, exOting forces on floating bod-
Ine. Wave forces and modons of ofshore plat-
forms. Stp tey of shp moone. Newer

eories. Ship-shp interactions in waves. Nu-
merloal solutions. Scoond-order wave eflots.
Steady-state drft torces. Ship added reos.
tance in waves. slowly varying wave forces.
High-frequency exaitadon of tension-leg plat-
forms. Shp pringing. Projects with emphaes
on applations using computer programs.

13.04 Hydrotolse and Propolers (A)
Prereq.: 18.076, 13.021
G (2)
3-0..
Theory and design of hydrofo sactions; lfing
and thickmees problems for sub-cavtaing eco-
tions, unsteady flow problems. Computer-
aided design of low dma, cavitation free ec-
tions. fting ne and Sin surface theory with
appoatns to hydrofol craf, rudder and con-
trol surface design. PropolrM Ine and

fng sudace theory; design

of wake adopted propelers, unsteady propel-
lr thrust and rue. low about adaly syn-
mric bodies and low aspect redo "ing
surfacs. Eperinte rot in he varale
pressure water tunnel.
. E Kene

A3-d Hydrodynmes f ship

(NW
Preraq.: 13.021
G(1)
4-0

Application of devlopment, in theorel, ax-
perimental, and analytIca hydrodynamies to
ship design (and operaon) in certain areas of
reslstnce, populon, maneuvering and oe-
keeping. Relevant materiel on free surface,
boundary layer, and circulation hrodna
los, and their application in the deen pro-
ces. Mathematical and phyoloal modeing
approaches to evaluae the neossay quanti-
tative Informadon including conducnng of
scaled model tests in the MIT Towing Tank.
M. A Abkowfr

13.06 Numerical MeMods in Marine
Hydrodynemies (A)
Prerq.: 13.021. 13.50, 18.075
G(2)
3-0-9
Formulation, methodology, and techniques of
numerical solutions of potenal flow problems.
Rudiments of finite-difference, finite-element,
b toand spectral melh-
ods with Illustrations of appliations to marine
hydrodynamics. Emphasizes treatment of free-
surface and open boundares, characeriet
and effsotveness of various appsches.
ects involving hands-on development of
computer programs.
D. K-P. Yue

13.07 Pre Surface Hdmirodynamiee (A)
Preq.: 13.022; 16.076
G (1) Next eared 167-U6
3-04
Water wave phoenoena eti to poblm
in naval archiese and ocen engineeing.
Generation, propagation, and dfraction of
plane progressive waves. Exciting and restor-
Ing forces on floatng and submerged bodies.
Ship waves and wave resstane. Selected
topics of interest In non-linear wave propaga-
tion, internal waves, slender-body theory, or
sekaoeping. Some background in water waves
assumed, equivalent to that covered in
13.022. Alemeses with 13.03.
J. N. Newm
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13.06 Stability and Motion Control of Ocean 13.112J Analysis and Design of Offshore
Vehicles (A) Structures (A)
Prereq.: 13.021, 18.075
G (2) Not to be offered 1987-88
4-0-8

Motion equations In six degrees of freedom,
mathematical simulation models for ocean ve-
hicle motions, and effects of excitations from
control systems and ocean environment on
motion response. Solutions for stability and
Important motions and comparisons between
simulation model results and physical reality.
Applications to typical ocean vehicles such as
ships, submarines, hydrofoils, platforms,
buoys, and towed systems.
M. A. Abkowltz

13.09 Potential Flows (A)

Prereq.: 13.022; 18.076 or 18.304
G (1) Not to be offered 1987-68
3-0-6

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. Description
of numerical methods, matched-asymptotic ex-
pansions and slender-body theory. Hydrody-
namic pressure forces and the added-mass
tensor. Altemates with 13.07.
J. N. Newman

13.10J Introduction to Structural
Mechanics
(Revised Content and Unit)
(Same subject as 2.071J)
Prereq.: 2.01 or 16.004
U (1)
4-0-8

Selected structural mechanics concepts appli-
cable to marine and mechanical structures
with emphasis on beam design and analysis.
Methods of c-Anputing deflection, principle of
virtual forces and displacements, energy
methods and statically Indeterminate struc-
tures. Theory and applications of finite cb-
mont methods in structural analysis using
computer programs. Introduces advanced top-
ics In structural mechanics.
A. Moshalov, D. 0. Karr, J. H. Williams, Jr.

13.111 Structural Mechanics (A)

Prereq.: 13.10J
G (1)
3-0-9

Concept of strain and equilibrium In continuum
mechanics, plates, and shell structures.
Theory of linear elasticity. Application of the
calculus of variation and energy methods in
structural mechanics. Bending and buckling of
rectangular plates. Nonlinear geometric ef-
facts. Post-buckling and ultimate strength of
typical stiffened panels used In naval architec-
ture. General theory of elastic shells and axi-
symmetric shells. Buckling and crushing
strength of cylindrical shells.
T. Werbicki

(Same subject as 1.551J)
Pretq.: 1.51 or 13.10J
G (1)
4-0-8

See description under subject 1 .551J.
J. K Vandiver, S. Shyam Sunder

13.121 Ship Structures (A)

Prereq.: 13.111
3 (2)

Ship longitudinal strength and hull primary
stresses. Inertia effects. Hull deflections, exact
and approximate methods. Effect of super-
structures and dissimilar materials on primary
strength. Transverse shear stresses and ther-
mal stresses In the hull girder. Torsional
strength of open and closed sections with free
and restrained warping. Effective breadth and
width. Grillages, ship plates, and the effect of
stiffeners. Ship transverse strength. Hull dy-
namics. Statistical approach to strength.
A. lifoshalov

13.122 Ship Structural Design (A)
Prereq.: 13.1W
G (S)
3-0-6

Ship structural design concepts. Role of the
Classification Societies in structural design
process. Design loads. Design of common na-
val architecture structural elements, like gir-
ders, stanchions, plates, and grillages. Plastic
design methods and structural optimization.
Design of joints and connections and typical
structural details. Cost and management con-
siderations in structural design process. Sev-
eral projects carried out during term.
W D. Whiddon

13.123 Advanced Analysis and Design of
Ocean Engineering Structures (A)
Prereq.: 13.111 or 13.112J
G (2) Not to be offered 1987-8
3-0-6

Ocean engineering structural configurations:
fixed-base platforms, semi-submersibles, cable
and moorings, pipelines, marine risers. Envi-
ronmental loads. Introduces materials for
ocean engineering. Fixed-base platforms. Ma-
rine pressure vessels: thick cylindrical and
spherical shell, instability of a thin cylindrical
and spherical shell, penetrations, reinforce-
ments, closures, hatch design, stiffened cylin-
drical shells. Tubular joint design.
D. G. Karr

13.124 Response of Marine Structures to
Impulsive Loading (A)

Prereq.: 13.111
G(2) Not to be offered 1987-88
3-0-9
Characterizes extreme loads at sea. Colli-
alone, hydrodynamic wave loading, slamming,
Ice Impact, intemal and underwater explo-
sions. Methods of plastic analysis for large de-
fiections of structures. Mechanics of projectile
Impact. Dynamic plastic behavior and crushing
of stiffened plates and shells. Design for en-

ergy absorption. Crashworthiness of land, air,
sea vehicles. Local damage and tearing of hull
girder under transient loading. Collapse of tu-
bular members of offshore structures. Propa-
gating buckle in pipelines.
T. Wlerzblokl

13.131 Plastic Analysis of Structures (A)

Prereq.: 13.111
G (1)
3-0-9

Elastic-plastic and rigid-plastic material Ideal-
Ization. Yield conditions. Drucker's stability
postulate. Normality, convexity, and flow rule.
Limit analysis theorems. Static plastic collapse
of beams, frames, plates, and shells. Plastic
behavior of stiffened panels and other struc-
tures encountered frequently in ocean engi-
neering and naval architecture. Theoretical
and experimental behavior of beams, plates,
and shells under dynamic loads. Comparison
of first yield vs plastic collapse design
concepts.
T. Wlerzblckl

13.132 Advanced Structural Topics (A)
Prereq.: 13.111
0 (1) Next offered 1967-66
3-0-6

Advanced topics in structural analysis and de-
sign with various contents. Offers students the
possibility to become acquainted with some of
the current research within the Department.
Includes potential topics such as Imperfection
sensitivity and post-buckling behavior of
shells, plastic buckling of structures, dynamics
and creep buckling of structures, composite
materials, reinforced concrete structures, be-
havior of ships and offshore structures in ice-
Infested water.
T. Wierzbickl, D. 0. Karr

13.14J Structural Mechanics in Nuclear
Power Technology (A)
(Same subject as 1.56J, 2.084J, 3.82J,
16.261J, 22.31 4J)
Prereq.: Permission of Instructor
G0(1)
3-0-9

See description under subject 22.314J.
A. S. Argon, 0. Buyukozturk

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. Ml-
crostryctures, processing, heat treatment, w-
vice behavior, and failures with special
emphasis on corrosion resistance of ferrous
and nonferrous metals.
K. Measubuchi

13.16J Fracture of Structural Materials (A)
(Same subject as 1.591J, 3.90J)
Prereq.: 1.02J or 13.15

3-0-6

See description under subject 3.90J.
K. Masubuchl, F. J. McGany
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13.17J Welding Engineering (A)
(Same subject as 3.36J)
Prereq.: 13.15
G(1)
3-0-8

Detailed study of processing variables in-
volved in joining materials by welding, brazing,
and adhesive bonding. Synthesis of elemen-
tary physical phenomena such as transient
heat flow, phase transformations, and dimen-
slonal changes into the complex overall
reactions associated with joining. Testing, In-
spection, and properties of finished joints.
Laboratory demonstrations of arc and other
welding processes.
K. Masubuchl

13.18 Case Studies In Welding Design (A)
Prereq.: -
G(2) Next offered 198746
2-0-4
Problems occur in various welded structures,
Including ships, offshore oil drilling rigs, pres-
sure vessels, bridges, and aerospace struc-
tures. Discusses problems: brittle fracture,
fatigue, weld cracking, and distortion. Through
examination of past and current cases, devel-
ops techniques for preventing these problems
by proper selection of materials, joining pro-
cesses, and procedures during the design
stages.
K. Masubuchl

13.21 Ship Power and Propulsion (A)

Prereq.: 2.40
a (1)
3-1-

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 Thermodynamelos of Power Systems
(Same subject as 2.41J)
Prereq.: 2.40
U (2)
3-0-9
See description under subject 2.41J.
A D. Carmichael, J. B. Heywood,
J. L. Smith, Jr.

13.26J Thermal Power Systems (A)
(Same subject as 2.601J)
Prereq.: 2.40, 2.20, 2.51
0 (2)
3-0-9
See description under subject 2.601J.
A. D. Carmichael, W M. Rohsenow

13.30 Analysis of TechnIques for
Fabricating Structures (A)
Prereq.: 3.13 or 13.15 or 13.17J
G (2) Not to be offered 198748
2-0-4

Analyzes problems related to fabrication of
structures, such as ships, aircrafts, rockets,
pressure vessels, buildings, and ocean engi-
neering structures by v&rious joining pro-
cesses Including welding, riveting, and
adhesive bonding. Discusses such problem
areas as fracture characteristics of welded
structures; residual stress, distortion, and
stress relieving; advanced welding metallurgy;
non-destructive testing of structural welds.
Laboratory demonstrations of some tests.
K. Masubuchl

13A0 introduction to Computer-Aided
Ocean Engineering Design
Prereq.: 2.01, 13.00; 2.20 or 1.50
U (2)
3-3-6

Principles of an Integrated design of ocean-
based structures and vehicles. Computer-
aided lines generation, hydrostatics, and
stability calculations for ocean engineering
structures and vehicles. Resistance predic-
tions and selection of propeller characteristics
to match vehicle and power plant. Preliminary
strength calculations and intemal
arrangements.
C. Chrysostomldls

13.41 Ocean Engineering Design
Principles (A)

Prereq.: 13.40, 13.021
G (1)
3-3-6

Loads and motions of ships and offshore
structures caused by waves, winds and cur-
rent; Morison's equation; Inertia-dominated
flows; impact loads; wave drift forces In regu-
lar and irregular seas. Short term and long
term statistics, wave spectra and wind spectra,
the one hundred year wave. Mooring statics
and dynamics; dynamic positioning. Empha-
sizes appropriate selection of coefficients and
parameters involved, and design considera-
tions that lead to safe and economic systems.
M. S. Trlantafyllou, C. Chrysaostomidi

13.411 Principles of Naval Ship Design (A)

Prereq.: 13.012 or 13.40; 13.10J or 13.121 or
13.122; 13.21; 13.021
G0(1)
3-3-6
Design of surface ship platforms for naval ap-
plications; formal design optimization prooe-
dures; mathematical model of ship design
process; engineering and economic principles
governing selection of dimensions and coeffi-
cients; influence of hull form and dimensions
on mobility in calm water and rough seas; in-
ternal subdivisions for efficient arrangement
and maximum survivability; damage stability.
Design exercises in applications of principles.
C. Graham, W D. Whiddon

13.412 Principles of Ship Design (A)

Prereq.: 13.021; 13.1W or 13.111 or 13.122;
13.41
G (2) Not to be offered 1987-88
2-4-6

Ship in context of a larger system; formal op-
timization procedures applied to ship design;
assumption of subsystems sufficiency; mathe-
matical model of ship design process; engi-
neering and economic principles goveming
selection of dimensions and coefficients of
ships and submarines; design of hull form;
principles governing internal subdivision for
maximum survivability; influence of hull form
and dimension selection on operability In
rough seas. Design exercise in application of
principles. Not recommended for students who
have taken 13.441.
C. Chryssostomdis, M. S. Triantafyllou

13.431 Methods of Navel Ship-System
Design (A)
Prereq.: 13.012 or 13.40
G (S)
3-0-9

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 philoso-
phy and design elements; selection/optimiza-
tion criteria; design trade-offs; analysis of ship
design trends; marginal cost factors. Design
exercises and projects in application of
principles.
C. Graham

13.441 Offshore Engineering Design (A)

Prereq.: 13.1W, 13.40
G (2) Next offered 1987-88
2-4-6

Methodology for offshore system design. Defi-
nitions of design problem emphasizing prob-
lem objectives, design criteria, and modeling
techniques. Assesses probability of failure us-
ing environmental data, short- and long-term
statistics; extreme loads; fatigue. Presents a
complete example for a semisubmersible or a
tension leg platform and requires a term
project.
M. S. Trantafyllou

13.451 Projects in Naval Ships Conversion
Design (A)

Prereq.: 13.411 or 13.412; 13.431; 13.21
G (2)
Arr.

Project studies focused on conversion design
of a naval ship. A new mission requirement is
defined requiring significant ship modification.
Design plan formulation. Technical aspects
addressed in sufficient detail to demonstrate
feasibility and desirability. Requires formal
written and verbal reports. Encourages partici-
pation by several students in a single project.
C. Graham, W D. Whiddon
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13.461 Projects In New Construction Naval
Ship Design (A)
Prereq.: 3.411 or 13.412; 13.431; 13.122;
13.21
G (1, 2, 8)
Arr.
Project studies focused on preliminary design
of a new naval ship fulfilling a given set of
mission requirements. Design plan formula-
tion. System level trade-off studies. Empha-
sizes 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.
C. Graham, W. D. Whlddon

13.462 Projects in Ocean Engineering
System Design (A)
Prereq.: 13.441, 13.411 or 13.412
O(1, 2, 5)
Arr.

Determines design criteria for ocean-based
systems such as ships, submersibles, plat-
forms, etc., derived from a set of system mis-
sion requirements specified by the student in
consultation with the Instructor. Preparation of
preliminary design of system 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 is particu-
lariy encograged. Primarily for graduate stu-
dents in Ocean Engineering; others admitted
by permission of instructor.
C. Chryssostomlds, M. S. Triantafyllou

13.463 Engineering System Design (A)

Prereq.: Permission of Instructor
G0(2)
2-4-8
Develops basic techniques employed in plan-
ning and design of complex systems through
involvement In a specific project. Develops
specific background through lectures dealing
with the selected project. Student results pre-
sented formally at the end of term. Each
year's project announced during IAP.
C. Chrysotomidia

13.47J Multivariable Control Systems I (A)

(Same subject as 2.154J, 6.233J, 10.28J,
16.341J)
Prereq.: 2.14 or 6.302 or 10.35 or 16.30
G (1)
4-0-8

See description under subject 6.233J.
M. S. Trlantafyllou, M. Athens, J. K. Hedrick,
G. Stephanopoulos, B. K. Walker

13.48J Multivarlable Control Systems 11 (A)

(Same subject as 2.155J, 6.234J, 10.29J,
16.342J)
Prereq.: 6.233J
G (2)
4-0-8

See description under subject 6.234J.
M. S. Trlantafyllou, M. Athans, J. K. Hedrick.
0. Stephanopoulos, L. Valavani

13.49 Control Applications In Ocean
Engineering (A)
Prereq.: 13.47J, 13.48J
G (2) Not to be offered 1987-68
Arr.

Modeling and control system design of ocean
vehicles and structures. A complete design
cycle to satisfy the mission objectives Is re-
quired. Participation by several students In a
single project is encouraged.
M. S. Triantalylou

13.50 Numerloial Methods with Applications
to Marine Problems
(Revised Content)
Prereq.: 18.03, 2.10
G (1)
3-0-9

Introduces numerical methods useful In the
solution of engineering problems. Representa-
tion of numbers on the computer. Roundoff er-
ror. Solution of linear systems. Non-linear
equations. Elgenvalues of dynamical systems.
Slngular-value decomposition. Optimization
methods. Fast Fourier Transforms. Differential
equations. Solution of model problems from
ocean engineering by finite-difference, finite-
element, and special methods. Assigned com-
puter problems requiring familiarity with FOR-
TRAN IV.
P. D. Sclavounos

13.51 Computer Models of Physical and
Engineering Systems
Prereq.: 18.02, 8.01
U (1) SD
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyamn Sunder

13.52 Management In Engineering
Prereq.: -
U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
H. S. Marcus, D. P. Hoult

13.61 Project Management (A)
(New)

Prereq.: Permission of Instructor
G (1)
3-0-9

Review of project and development econom-
ice. Project identification and demand forecast
techniques. Study of project design and plan-
ning methods such as network planning tech-
niques, 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 altematives dis-
cussed. Study of procurement or contracting
process. Approaches to project supervision,
test, and acceptance.
E G. Frankel

13.62 EngIneering Systems Analysis (A)
Prsreq.: Permission of Instructor
G (1)
3-0-6

Schonl-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. de NeuMlle, J. P. Clark

13.621 Engineering Risk-Senenft
Analysis (A)
Prereq.: 18.02
G (2)
3-0-

School-Wide Elective Subject. Description
given at end of this chapter on SWE page
A. W Drake, A. R. Odoni

13.622J Mathematical Optimization
Techniques (A)
(Same subject as 1.143J)
Prereq.: Permission of instructor
G (1)
3-0-9

Systematic survey of a broad spectrum of
mathematical optimization techniques. Empha-
sis on formulation, solution methodology, algo-
rithmic efficiency, and applications. Covers
Lagrange multiplier and Kuhn-Tucker theory;
duality; network problems; linear, integer, dy-
namic, stochastic, large-scale, and quadratic
programming; and heuristics. Assumes some
familiarity with linear algebra, calculus, and the
computer.
H. N. Pearaffis, D. H. Marks

13.63J Advanced Reliablty Analysis and
Risk Assessment (A)
(Same subject as 22.40J)
Prereq.: 22.38, 22.82, 1.143J or 13.622J
o (2)
3-0-9

See description under subject 22.40J.
E. G. Frankel, N. Slu

13.631 Port Planning and Development (A)
(Revised Content)
Prereq.: Permission of Instructor
G (2)
3-0-9

Port planning and development including off-
shore and prefabricated ports. Systems engi-
neering study of one or more major port
projects. Approach to planning and develop-
ment of ports based on modem concepts of
systems analysis. Port demand forecasting,
design of port surveys, gsotechnical 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
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13.64 Projects In Ocean Systems
Management (A)
Prereq.: Permission of Instructor
G (2)
3-3-6

Group projects based on current or past re-
search in ocean systems management. De-
signed to develop student's ability to analyze
problems involving ocean engineering and
economics, operations research, management,
policy and the law, and Integrate this informa-
tion to formulate solutions. Projects may In-
clude ocean dumping systems, deep-sea
mining systems, and oil-spill cleanup systems.
Restricted to Course XIll-B students; others
admitted by permission of instructor.
J. T. Kildow, H. S. Marcus, J. D. Nyhart,
H. N. Psraftias

13.65 Management of Manufacturing (A)
(Revised Content)

Prereq.: 1.143J or 13.622J or 13.441 or
13.412
G (1)
3-0-6

Analysis of manufacturing processes: facility
layout, production and material flow; process
and facility design; production process control;
mathematical and economic analysis of pro-
duction; production and inventory scheduling;
management information system; organization
of manufacturing plants, planning of manufac-
turing, measurement of capacity and produc-
tivity, management of manufacturing.
E. G. Frankel

13.651 Management of Technologial
Change In Manufacturing (A)
(New)

Prereq.: 6.041 or 18.444 or equiv.; 14.01 or
15.001 or equiv.; 13.622J or equiv.
G (2)
3-0-6

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. Stra-
tegic planning, timing, choice, and scale of
technological change. Hierarchial decision
models. Cross-impact analysis. Managing
technological change in manufacturing. Case
studies from manufacturing industries.
E. 0. Frankel

13.661J Economics of Ocean
Transportation (A)

(Same subjiect as 15.937J)
Prereq.: 14.120 or 15.012
G (2)
3-0-6

Studies the economics of the principal ocean
transportation markets and of resource alloca-
tion to ocean transportation. Structure of the
markets and of the industries involved; bar-
riers to entry and competition; theory of inter-
national trade; spot and term freight rate
formation in the tanker, dry bulk and tramp

shipping markets; analysis of risks facing the
industry, charter market operators and charter-
ers; world petroleum transportation network;
liner shipping rate making; impact of maritime
policies and regulations on the industry.
H. N. Psarafis, Z. S. Zannetos

13.665J Logistical and TransportatIon
Planning Methods (A)

(Same subject as 1.203J, 6.281J, 11.526J,
15.078J, 16.76J)
Prereq.: 6.431, 15.075
G (1)
3-0-9

See description under subject 1.203J.
H. N. Psaraffls, A. L. Barnett, R. C. Larson,
A. R. Odoni

13.68 Management of Marine Systems (A)

Prereq.- Permission of Instructor
G (1)
3-0-6

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, coastal fa-
cilities, and fishing; description of resources
and constraints involved; impact of trends on
management decisions; analysis of problems
actually existing in the field.
H. S. Marcus

13.665J Manufacturing/Technology
Interface (A)

(Same subject as 3.565J, 15.365J)
Prereq.: Permission of instructor
G0(1)
3-0-6

See description under subject 15.365J.
J. M. Litterback

13.69 International Shipping (A)
Prereq.: 13.68
G (2)
3-0-6

Explores intemal operating, financial, and mar-
keting issues as well as extemal market and
tachnological factors which define the interna-
tional shipping environment. Includes effect of
world energy prices and changing trade pat-
tems upon demand for shipping; evaluation of
shipping capacity requirements in terms of
eapital needs; new ship and terminal technolo-
gies; and effect of changing international rela-
tionships. Other students admitted by
permission of the instructor.
H. S. Marcus

13.700-13.709 Special Problems In Oceen
Engineering
Prereq.: -
U (1, 2, 5)
Arr.

Special reading, study, design, and/or investi-
gation under supervision of a qualified mem-
ber of the staff. Topics In ocean engineering,
naval architecture, or marine engineering Indi-
vidually arranged to suit interest of the
student. Consult Department Student Adminis-
tration Office for subject number which will be
assigned in accordance with the technical
area of the topic selected.
D. K-P. Yue

13.710-13.719 Special Problems in Ocean
Engineering (A)
Prereq.: -
G (1,2, S)
Arr.

Special reading, study, design, and/or investi-
gation under supervision of a member of the
staff. Topics in ocean engineering, naval ar-
chitecture, or marine engineering individually
arranged to suit interests of student. Consult
Department Student Administration Office for
subject number which will be assigned by the
Department In accordance with the technical
area of the topic selected.
A. D. Carmichael

13.73 A Survey of Ocean Engineering

Prereq.: -
U (2)
1-0-1

Series of lectures acquaints undergraduate
students in ocean engineering with the many
facets of the field including naval architecture
and marine engineering. Explores relation-
ships and interfaces with the various engineer-
ing and scientific disciplines. Uses current
problems and research projects for illustration.
Each session conducted by a different faculty
member, concentrating on that faculty mem-
ber's area of interest. Undergraduate and
graduate students from all departments are
welcome.
T. F. Ogilvie.

13.730-13.739 Seminar in Ocean
Engineering

Prereq.: Permission of Instructor
0 (1, 2)
Arr.
Weekly lectures on new topics in ocean engi-
neering by members of the MIT staff. Consult
Department Student Administration Office for
subject number assigned in accordance with
the technical area of the topic selected. Con-
sult Department headquarters.
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13,741J GeophysIcal and Oceanographlc
Signal Processing I (A)
(Same subject as 6.455J)
Prereq.: 2.02 or 6.003, 6.041, 18.075
0 (1) Not to be ofered 1987-6

Systems and techniques used In oceano-
graphic data analysis. Temporal random pro-
ceeses, correlation, and spectral analysis by
Indirect, DPT, and adaptive methods. Sonar,
radar, echoecunders, and seismic systems.
Spaoe/time random processes, frequency-
wave number characterization, array and
spatial processing; applications In arrays for
ambient noise and passive sonar, surface, and
Intemal waves. Altemate years.
A B. Beggercer, (Woods Hole Staff): R. C.
spinel

13.742J Geophysical and Oeanographlc
Signal Promsing 11 (A)
(Same subject as 6.456J, 12.534J)
Prere.: 6.341 or 12.761 or 13.741J or 12.713
0(2) Next ofred 1967-8
3-1-8

See description under subject 12.534J.
A. B. Baggeruer, G. L. Duckworth

13.75 Introduction to Random Processes In
Ocan Engineering (A)
Prereq.: 18.075
G(2) Not to be offered 1967-6
3-0-9

Fundamentals of random process theory and
its application to physical and engineering
problems. Elements of probability theory and
statistics, harmonic analysis of deterministic
and random processes, correlation, linear sys-
tems Including those with frequency depen-
dent parameters such as ships In a seaway,
analog and digital fitteing, spectral analysis
and extremal statistics. Applications Include
ocean waves, soakeeping, offshore structures
I storms, and the establishment of design
criteria.
J. H. Mlgram

13.77J inventIon

(Same subject as 2.941J, 16.671J)
Prereq. --
G (1)
3-0-8

See description under subject 2.941J.
D. G. Jansson, A. D. Canihal,
W R. MArkey

13.771 Engineering Internship
Prereq.: -
U (1, 2, 8)
0-6-0

13.772 Industrial Practice In Ocean
Engineering
Prsreq.: 13.771
U (1, 2,)
Arr.

13.774 Advanced Engineering Internship
Prereq.: 13.771
G (1, 2, S)
0-0

Enrollment restricted to students registered In
Course Xlii-C Program. Provides academic
credit for assignments affiliated with XIllI-C
Program. Students register for 13.771 during
their first and second company assignments,
accumulating a total of 12 units. 13.772 pro-
vides academic credit for the seven month
company assignment. 13.771 and 13.772 ter-
minate with the S.8. degree. Students register
for 13.774 during their third and fourth com-
pany assignments (after admission to gradu-
ate school), accumulating a total of 12
graduate units. Credit for above given upon
satisfactory completion of company assign-
ments, receipt of favorable evaluation by com-
pany supervisor, and receipt of favorable
evaluation of student's report about company
assignment by faculty advisor.
C. Chrysotomldl

13.78 Entrepreneurship

Prereq.: -
G (2)
4-0-5
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. G. Jansseon

13.00J Mechanical Vibration

(Same subject as 2.06J)
Prereq.: 2.03J or 13.003J
U (2)
3-0-9

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 exampies and application of
vibration measurement and analysis, Including
vibration isolation and dynamic absorbers,
ships, offshore structures, engines, and rotat-
ing machinery.
J. K. Vandver, R. H. Lyon

13.81J Principles of Acoustics (A)

(Same subject as 2.060J, 16.061J)
Prereq.: 13.003J (2.03J) or 16.004, 18.075
G (1)
3-0-9

See description under subject 2.060J.
P. Leehey, R. H. Lyon

13.62J Sound and Structural Vibration (A)
(Same subject as 2.083J)
Prereq.: 2.03J or 16.004, 18.075
G (2)
3-0-9

See description under subject 2.083J.
P. Leehey, R. H. Lyon

13.64J Flow Noise (A)

(Same subject as 2.06UJ. 18,052J)
Prereq.: 2.20 or 13.021 or 16.02
G (1) Next offered 167-46
3-0-9

Elements of aerodynamics and hydrodynamic
sound. Subsonic and supersonic jet noise. Jet
noise suppression. Vortex sound and feed-
back resonance effects. Propeller, compres-
sor, and helicopter rotor noise and noise
suppression techniques. V/STOL noise, cavi-
tation noise. Boundary layer noise. Match
wave radiation, structural response, and re-
radiation. Altemate years.
P. Leehey

13.61 Fundamentale and Applications of
Underwater Sound (A)
Prereq.: 18.075
G (2)
3-0-9
Fundamentals of underwater sound systems
as controlled by physical principles and prop-
erties of the ocean and its boundaries. Ana-
lyzes sonar systems. Absorption in seawater.
Transmitting and receiving arrays. Scattering
and reflection. Refraction and propagation
loss. Noise and reverberation. Sonar design
principles. Applications in charting, navigation,
station keeping, target detection, fishing, pe-
troleum exploration, telemetry.
I. Dyer

13.911 Ocean and Seabed Acoustics 1(A)
Prereq.: Permission of Instructor
G(1) Next ofered 19748
3-0-9

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.
Approximate propagation theories for a hori-
zontally varying ocean. Reflection and trans-
mission of sound by a straified ocean bottom.
Scattering from a random sea surface and
sealoor. Introductory knowledge of Fourier
analysis, probability, and wave propagation
necessary.
A B. Baggeroer,
(Woods Hole Staff): 0. Frisk

A
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13A Ooesn and Seabed Acoustles 11 (A)
Prereq.: 13.861
0 (2) Next ofered 1917461
3;0-9
Continues 13.861, treating ray and normal
mode theory In greater depth, and introducing
new topics. Emphasizes "state-of-the-art" level
In ocean acoustics. Topics: ray theory correc-
tione, coupled normal mode theory, adiabatic
approximation, continuum and virtual modes,
rough surface scattering In mode theory, ray.
mode picture connections, parabolic equation,
Thomson-Haskell propagator matrix, seismic
wave (body and surface) overview, WKBJ
synthetic seismograms, and hydrophone-
geophone Intercomparlsons. Permission of In-
structor required.
(Woods Hole Staff): J. Lynch

13.67 Wave Propagation In Random
Media (A)
Prereq.: Permission of Instructor
0(2) Next ofered 1987468

Emphasizes physical principles and mathe-
matical techniques common to most problems
of wave propagation through and scattering In
random media. The ocean and atmosphere as
random medium. Scattering by discrete scat-
terers and by a continuous Inhomogeneous
medium. Statistics of the medium and the
propagating wave. Single and multiple scatter-
Ing, saturation. Geometric, Rytov, and para.
bollo approximations; path integral method;
transport equations; propagation of moments..
Given at MIT.
(Woods Hole Staff): Y. Deosubles

13.901 Ocean Engineering Laboratory I
Prereq.: 2.20
U (2) LAO
1-5-0

Experimental projects in the fields of ocean
engineering and naval architecture and marine
engineering, conducted at the MIT Ship Tow-
Ing Tank and the MIT Variable Pressure Water
Tunnel. Ocean engineering experiments ar-
ranged to solve one or more design problems
selected by the instructor.
A. D. Carmichael

13.902 Ocean Engineering Laboratory it
Prereq.: 13.901, 13.003J
U (1) LAB
1-5-0

Experimental projects In the fields of ocean
engineering and naval architecture and marine
engineering, conducted at laboratory facilities
In the Department of Ocean Engineering.
Ocean engineering problems arranged to
solve one or more design problems selected
by the instructor.
A. D. Carmichael

13.91 Nuolear War: Threat and Avoidane
Prereq.: -
U (2) HASS
3-0-6

School-Wide Elective Subject. Description
given at end of thitt chapter on SWE page.
R. K. Lester, P. Morrion, G. W Rathjens,
E. Rothschild, J. P. Rulna

13.92 Marine Policy (A)

Prereq.: Permission of Instructor
G (1)
3-0-

Surveys major ocean uses and their associ-
ated policy issues; demonstrates relationships
among uses and among the scientific, techni-
ca, economic, and ooliticalllegal aspects. Top-
ics: law of the sea, eabed mining, offshore oil
development, marine pollution, fisheries, and
national security.
J. T. Kildow.

13.93 Nuclear Weapons and Arms Control:
Technology and Policy Issues
Prereq.: -
G (1)
4-0-8

School-Wide Elective Sutiect. D.cription
given at end of this chapter on '.WE page.
G. W. RathJens, J. P. Ruina

13.94 Law for Ocean Systems (A)
Prereq.: Permission of Instructor
G (1)
3-0-6

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 re-
gimes. Law for new ocean technologies.
Questions of jurisdiction and implementation
arising from new economic zones or unilateral
extensions. Principles goveming applicability
of civil and criminal law offshore. Focus on re-
lation hip of law and technology.
J. D. yhart

13.97 Introduction to Technology and Law
Prereq.: -
U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
J. D. Nyhart

13.98J Coastal Zone Management (A)
(Same subject as 11 .36&J)
Proreq.: Permission of Instructor
G (2)
3-3-6

Methods and concepts for balanced manage-
ment of land and water resources In coastal
regions. Topics: physical and ecological
coastal processes; implications of the range of
human activities that place demands on the
limited coastal resource base; Institutional and
regulatory framework for coastal management
systems.
J. T. Kildow

13.990J Oceanographio 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 expeiments of research inter-
est in Cape Cod waters carried through ox-
periment design, instrumentation design,
construction and test, 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 Ooeanographlo Systems i
(Same subject as 1.698J)
Prereq.: -
G (5)
2-4-6

Continuation of 13.990 during second sum-
mer term in the MIT-WHOI joint program in
oceanographic engineering. Given at Woods
Hole Oceanographic Institution.
(Woods Hole Staff)
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Prereq.: 2.01 or 2.03J/18,003J or 13.OM
10.03
G (g)-Nt to be oerted 16748

Theoretical and 11 as of buoy eye.
tems structural esn. Stabil of Immersed
and surfas floating bodieve tory.
Hemv and roll response of bopto oen
wavo excitation. Hy forean con-
strained bodes. Eq um tralectorIes of Im-
merwed cables. Two- and three-dimensional
models for compuer analysis. Dynamics of
mooring lines. ne practical aspects of
buoy system design. matt
Mooring line component. . Buoy
system Instsalaon and retrieval. Given at
Woods Hole Oceanographlo Institute.
(Woods Hole St): . 0. Berteaux

1rS PrinOiples of Oceenographli
Instrument Syatems - Sensors and
Measurements (A)
Prereq.: .08J/13.003J, 18.075
0 (2) Not to beofered 1o8f40
3-3-8
Introduces theoreical and pracOcal principles
in design of oceanographic sensor systems.
Transducer characterldst for acousic, cur-
rent, temperature, pressure, electric, magnetic,
gravity, salinity, velocity, heat flow, and optcal
devices. Uimitalons on these devices Imposed
by ocean environment. Signal conditioning and
recording; noise, sensitivity, and samplin lmi-
tations; standards. Examples of system design
from physical oce raphy, geophysics, sub-
mersibles, acoustics. Laboratory project
required.
(Woods Hole Staff): A. J. Williams

1M M Speola Projects In OceanographIc
Eng"ieering (A)
(Same subject as 1.8ggJ)
Prereq.: Permission of Instructor
G (1, 2, 8)
Arr.
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 Insitution.
(Woods Hole Staff)
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14

General Economics and
Theory

14,UR Undergraduate Research
Preq.: 14.02
U (1, 2)
Arr.
Prticlpation in research with an indMdual fec-
ully member or research group, Independent
research or study under the guidance of a fao-

member. Admission by arrangement with
inual faculty member.

D. Quish

14.01 Uoonomio Prinoiples I
Prore.: -
U (1, 2)
34
Introduces microeconomic ucncepts and ana-
,s . Supply and demand analysis, theories of

firm and of Individual behavior, competition
and monopoly, werare economics. Applioa-
tions to problems of current economic policy.
F. M. Plw, P. Tomin

14,014J Engineering Aspeote of Boonomio
Analysis

(Same subject as 1.01J)
rereq.: -

U (1)
444
See description under subject 1.01J. Credit Is
not given to both 14.014J or 1.01J. Consult R.
V. 0. Whitman.

14.02 Prinolples of Maoroeoonomlos
Prerq.: -
U (1 2)
3--
Provides an overview of macroeconomic Is-
sus: the determinaion of output, employ-
ment, unemployment, interest rates, and
Ination. Monetary and fiscal policies are dis-
oussed as are the public debt, and Intema-
tionel economic Isues. Introduces basic
hodels of macroeoonomlos and Illustrates

principles with the experience of the US and
foreign ecomomles.
P. Kn , S. Flecher

14.03 Applied Mlorpeoonomlos
Prereq.: 14.01
U (1,2)
3--
Designed for non-majors who desire further
exposure to microeconomlos and it appca-
lions. Presents basic to of consumer and
producer behavior and wefre analysis at an
Intermediate level. Emphasizes applications,
Including cost-beneit analysis, transportation,
prie regulation, research and development,
and pollution.
Term 1: R. 8. Eahdus
Term 2: W C. Wheaon

14.04 Intermediate Mlorosoonomilo Tory
Prereq.: 14.01
U (1)
4-0-8

Basic theory of consumer behavior, production
and costs, paral equilibrium analys of prio-
Ing In competitive and monopolistic markets,
general equilibrium, welfare and capital. Credit
not given forboth 14.03 and 14.04. May not
count toward Humanities Requirement.
J. Moore

14.06 IntermedIate Maorosoonomio Theory
Prereq.: 14.02
U (1, 2)
4-4
Theory of national Income determination, stadoc
and dynamic; components of aggregate de-
mand; analysis of aggregate supply. Theory of
rwth and Inflation.

rm 1: 0. J. tanwhard
Term 2: R. M. Soow

14.07 HIstory of Goonomio Thouht
Prereq.: 14.01,14.02
U (2) Next oeed 1067-4 I
3-4
A selective historical survey of the develop-
ment of economic analysis; gives varying de-
grees of attention to tcontributions of
Arlsiode, Aquinas, Mun, Hume, Smith, Mal-
thus, Ricardo, Marx, Mil, Walras, Marshall,
Keynes, and Schumpeter.
P. TemIn

14.00 Current Soonomlo Problems
Prereq.: 14.01,14.02
U (1) Next ofturd 10178
344-
Discusalon of selected economic problems
and policies under current public considers-
tion, such as stabilzation, unemployment and
inflation, capital formaton, taxes, energy, agri-
culture, regulation, foreign trade and lending.
Umited to 0.
E. C. Brown

14.00 ReadIng Seminar In Eoonomics
Prreq.: 14.04,14.06
U (1)
Arr.
Reading and discussion of particular topics in
economics. Open to undergraduate students
by arrangement WM Indidual faculty mem-
bers. Consult Department headquarters.
L. J. Tayor

14.101 Mathematios for Eoonomilste
Prereq.: 18.02
GO1)
4-0
Unear algebra emphasizing topics of Interest
to economists. Also o In multivariale dif-
ferental calculus and optimization theory. Pro-
vides mathemaial prerequisites for
ecnometries.
J. E. Hanft

1411 Apled Mloroeonomlo
Analys(A
(Same subject as 1.147J)
Prereq.: 14.01
0(1) Next ofred 190748
3-4
For students with priay Interests outside of
economics who wish to acquire some exper-
ties In apled economio analysis. Develop-
ment of microe o theory at an
Intermediate level, Including consumer and
producer theory, ImperfetoO capital
and welfare economics, emphaspokca
ions of particular relevance to engineers, such
as problems related to transportatin, energy,
water resources, and constructed facilies.
Credit not given for this subject and 14.03,
14.04.
W. C. WhMeaon

Economics
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14.111J Economics of Projeot
Evaluation (A)
(Same subject as 1.148J)
Prereq.: 14.03 or 14.120
G (2)
3-0-8
Economic concepts of costs and benefits: con-
sumers' and producers' surplus; shadow
prices; and valuation of non-market 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

14.120 Mloroeconomlo Theory (A)_
Prereq.: 14.03
G (1) Next offered 1987-6
3-0-9

Comprehensive survey, emphasizing more ad-
vanced aspects as compared with similar un-
dergraduate subjects. Equilibrium of the
household, the firm, and markets with various
degrees of competition and monopoly. Re-
source allocation and income distribution in
static general equilibrium. Capital, Interest,
and dynamic equilibria. Cost-benefit analysis
and welfare economics.
Staff

14.121 Microeconomlo Theory I (A)_
Prereq.: 14.04
G(1)
2-0-4

Prereq.: Theory of production, including
duality, competitive markets, monopoly and
oligopoly.
0. 0. Hart

14.122 Mlcroeconomic Theory 11 (A)

Prereq.: 14.04

2-0-4

Theory of consumption and general
equilibrium.
F. M. Fisher

14.123 Mloroeconomlo Theory IlIl (A)

Prereq.: 14.122
0(2)
2-0-4
Fundamental welfare theorem, extemalities,
public goods, second-best analyses.
M. L. W0lznan

14.124 Minroeconomic Theory IV (A)
Prereq.: 14.122
G (2)
2-0-4

Capital theory, one- and two-sector growth
theory, resource use, Introduction to uncer-
tainty theory.
J. M. Tirole

14.125 General Equilibrium (A)
(Revised Unit)
Prereq.: 14.04
G (1)
2-0-4

Theory of general competitive equilibrium from
modem mathematical points of view. Topics
include properties of aggregate demand func-
tions, existence of equilibrium, fixed-point
theorems and computational techniques, core
of an economy, nonconvexitles, stability and
uniqueness of equilibrium, and empirical gen-
eral equilibrium models.
0. 0. Hart

14.120 Game Theory (A)
Prereq.: 14.122
a (2)
2-0-4

A brief Introductory review followed by dy-
namic games, incomplete information, refine-
ment, and reputation. Applications are drawn
from Industrial organization, auctions, bargain-
ing, labor markets, and Intemal organization.
Half-term subject.
R. Gibbons

14.127 Economics of Uncertainty (A)

Prereq.: 14.124
G (2)
3-0-9

Individual behavior under uncertainty. Equilib-
rium and welfare with uncertainty. Search and
Information.
J. Moore, E. Sheshinski

14.128 Mathematical Optimisation and
Economic Theory (A)
Prereq.: 14.124
G (1) Next offered 1987-4
2-0-4

Linear and nonlinear programming, duality
theory, dynamic programming, and optimal
control. Half-term subject.
M. L. Weltzman

14.130 General Equilibrium (A)

Prereq.: 14.04
r (2) Next offered 1987-88

2-0-4

Continuation of 14.125. Half-term subject.
staff

14.132 Schools of Economic Thought (A)

Prereq.: 14.04
G (2) Next offered 1987-4
3-0-9
Historical development of economics, as illus-
trated by selected writers: Aristotle, Aquinas,
Hume, Smith, Ricardo, Malthus, Mill, Marx,
Walras, Marshall.
Staff

14.141 OlsequilIbrium Foundations of
Equilibrium Economics (A)
Prereq.: 14.122
a (2) Next offered 1987-46
2-0-4

Does a competitive economy with rational
agents taking advantage of disequilibrium op-
portunities for arbitrage tend to approach equi-
librium? Is that equilibrium competitive?
Importance of the subject for the foundations
of usual economic analysis and the theory of
value. Historical review and modem theory of
stability in relation to above question. Half-
term subject.
F. M. Fiaher

14.142 Advanced Topics in
Optimization (A)

Prereq.: 14.128
G (1) Next offered 1987-88
2-0-4
Applications of optimization theory to eco-
nomic model building, including activity analy-
sis, input-output theory, stochastic control, and
optimal growth theory. Half-term subject.
M. L. Weitzman

14.144 Applied Price Theory (A)

Prereq.: 14.122
G (2) Next offered 1987-88
Arr.

Selected topics in price theory, focus changing
from year to year. Currently emphasizes the
economics of exhaustible and renewable natu-
ral resources.
R. M. Solow

14.147 Economic Applications of Game
Theory (A)

Prereq.: 14.126
G (2)
2-0-4

See 14.126. Except under special circum-
stances, students are advised to take both
14.126 and 14.147. Half-term subject.
R. Gibtons

14.148 Advanced Topics in Mlcroeconomlo
Theory (A)

Prereq.: 14.124
a (1) Next offered 198748
Arr.
14.149 Advanced Topics in Mloroeconomic
Theory (A)

Prereq.: 14.124
G (2) Next offered 1987-48
Arr
Advanced topics in microeconomic theory of
current interest. Consult Department
headquarters.

117D



7, V 11 T V - 1 -i, r

I
1160

14.151 lomle Anall of Law

Prereq.: 14.04
G0(2)
3-0-6
Advanced subject on selected topics In law
and economics. Property rights; contracts and
Impossibilty; law enforcement and deterrence;
neggence vs strict Hab"ity; no falt systems;
lump sum vs periodic d e. Emphe'As on
empirical appltionsIncluding medical mal-

-. products liability, and Information
disclosure.
J.U IaNw*

14.19 Models of Political Economy (A)
(Rwlbed Unit)
Prereq.: 14.121
a (2)
3-04
Potal economy Is the study of group or col-
lotve declslon-maldng processes and the In-

AMllions soclsty employs to implement ths
proeses. Emphasis.s positive rather than
norma"ive theory and empirical applictions.
Includes collseoive choice theory, Interest
group competition, theories of legislative be-
havior, bureaucracy, behavior of administrative
agencies, Ideology and altruism.
A. L jawow

14.193 SemInar: Topics In Economics (A)
Prereq.: 14.121, 14.451
0 (1,2) Nx ofee 141674
Arr.
14.194 SemInar: Topics In Eoonomlcs (A)
Prrq.: 14.121, 14.451
0 (2)
Arr.
Economics of contracts Including labor con-
tract under symeiO and ammetulc nfor-
Inme pe e- contracts, s~bf
contracts, Incomplete ontact and the theory
of the frm, legal approaches to breach of
contract.
0. 0. Hart

14.196, 14196 RadIng Seminar In
EoonomIos (A)
Prereq.: 14.121
a (1, 2)
Arr.
Readin and discussion of special topics In
economics. Open to advanced graduate stu-
dents by arangemntr wh Individual membe0
of the staff. Consult Department headquarters.

141W 961196 Teedn Itoductory
Econ MRe
Prsreq.: -
0(1,2)

Required of Wtean assisats In Introductory
ecom csW(14.01 and 14.02) under the super-
vision of the faculty member In charge of the.

14.168: F. At Fher, P. Tmbn
14.19g: P. Knqma, 8. lscher

Industrial Economics

14.20 Industrial O aation and Publio
Polley
Prreq.: 14.01
U (1)
3-0-6

Analyzes the structure, behavior, and perfor-
mance of Industrial markets In the US
sconomy. Topics Include the measurement of
monopoly power, behavior of firms In oligopoly
markets, static and dynamic measures of mar-
ket performance, anti-trust policy, and public
utilit regulation.

14.21J Heslth Economics
(Same subject as HST 901J)
Prereq.: 14.01
U (1) HASS
3-0-
Applies theoretical and empirical tools of eco-
nomics to problems 9f health and medical
care delivery. Concentrates on selected prob-
lems, such as: the welfare eoonomics of
"heath" as a commodity; hospitals and the
nonprot sector; human capital and medical
manpower; and Innovation In medicine.
J. E. Harrie

1428 Government Regulation of Industry
Prereq.: 14.01
U (2)
3-04
Examines economic rationale for and against
govemment regulation of prices, entry, product
quality, and production processes In various
US Industries. TheoredcaNy and empirically
examines economic effects of current regula-
tory practices through case studies.
P. L. ,.oekow

14.24 Law and Economics
Prereq.: 14.01
U (2)
3-0-
Analysis of the role of the legal system In pro-
viding an appropriate framework for market
transactions and In encouraging efficient re-
source allocation. Contracts, t, and prop
erty law emphasized. Cases considered along
with -eea theory.
0.0. Had

14.271 Problems In Industrial
Economlos (A)
Prereq.: 14.04
G (1)
3-0-9
Small and large enterprises In the American
economy; market structures; degrees of mo-
nopoly and competton; requisites of public

P" L *ow, J. M. ole

1427 Government Reguation of
Industry (A)
Prereq.: 14.04
G (2)
3-0-

Use and evaluation of a variety of public policy
Instruments that affect the behavior and per-
formance of Industrial markets, such as anti-
trust policy, public utility regulation, consumer
protection, environmental policy, peak load
pricing, and public enterprise.
N. Rose, R. Schmalensse

14.2U04 Health Boonomise Seminar (A)
(Same subject as HST 903J)
Prsreq.: 14.04
o (2) Next offred 1987-06
3-0-9

Advanced subject In economics of health care
sector. Considers selected topics In depth,
such as design and financing of health Insur-
once; behavior of nonprofit hospitals; role of
competition In the medical care market; deter-
minants of technological change; and effects
of government regulations. Permission of In-
structor required.
J. E. Harris

14.291 Industrial Economlcs Seminar (A)
Prereq.: 14.04
G(1)
3-0-

Particular problemns In Industrial organization
Including economic Issues In standardization,
Implicit collusion In the presence of f'luctuating
demand, and the role of incentive theory In In-
dustial organization.
G. SsAonw J. M Tiroe

14.262 Antitrust Seminar (A)
Prereq.: 14.271
G(1)
3-0-

Discussion of economic Isue as they are In
actual anti-trust cases. Emphasis on cases In
which the instructor has participated Including
(but not limited to) the IBM anti-trust cases.
Students expected to construct and critizs
economic testimony In the context of the facts
of an actual case.
F. Ml. Plehe

i04nam11



Economics 11 SD

Statistics and
Econometrics

14.30 Introduction to Statistical Method
In Economics
Prereq.: 18.02
U (1, 2) SD
4-0-

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 Humanities Requirement.
Term 1:. Ouah
Term 2: J. Moore

14.31 EcononetrIcs
Prereq.: 14.30
U (1, 2) LAS
3-4-5

Introduces basic econometric techniques
strongly emphasizingapplications. Problems in
estimating such economic variables as oon-
sumption-income-pdce relationships, produc-
tion functions, and in simulating economic
models. May not count toward Humanities
Requirement.
Term 1: H. S. Farber
Term 2: J. Wooldridge

14.381 Statistical Method In Economics

Prereq.: 18.02
G (1)
4-0-8

Self-contained introduction to probability and
statistics as background for advanced econo-
metrics. Elements of probability theory, sam-
pling theory, asymptotic approximations,
decision theory approach to stastical estima-
tion focusing on regression, hypothesis test-
ing, and maximum likelihood methods.
Illustrations from economics and application of
these concepts to economic problems.
D. L. McFadden

14.362 Econometrics I (A)

Prereq.: 14.101, 14.381
G (2)
4-0-8

14.363 Econometrics 11 (A)
Prereq.: 14.382
G (1)
4-0-
Theory and economic applications of the linear
multiple regression model. Identification and
structural estimation In simultaneous models.
Analysis of economic policy and forecasting in
microeconomnic models.
14.382: F. M. Fisher, D. L. McFadden
14.383: J. L. Powell, J. Wooldridge

14.34 Time-series Analysis (A)
Prereq.: 14.382 or 14.388
G(1)
2-0-4

Theory and applications of tIme-series models,
including stochastic processes, ARIMA pro-
cesses, spectral analysis, and distributed lags.
0. Quah

14.366 Advanced Topics In Time brls (A)
(Revised Unit)
Prereq.: 14.383
G(1)
2-0-4
Covers more technical results and tools useful
In Time Series Analysis: asymptotic distrbu-
tion theory for heterogeneous and serially cor-
related date, fourier technIques, continuous
time methods, multivarlate restricted dynamic
models. Extensions, if there is sufficient Inter-
est, might cover bootstrap analysis In Infer-
once, fast computational techniques and
others.
D. Quah

14.3117 Topics In Advanced Econometric
Theor
(Now)
Prereq.: 14.382, 14.383
G (2) Next offered 1987-4
2-0-4

Special topics In advanced econometric
theory.
J. L. Powell

14.388 Applied Econometrics (A)

Prereq.: 14.101, 14.381
G (2)
3-0-9

Theory and practice of econometics. The
linear regression model, tests of hypotheses,
generalized least squares, distributed lags,
and simultaneous equations. Emphasizes
appliaons.
J. Wooldridge

14.389 Econometrics Paper (A)
Prereq.: 14.382 or 14.31 -
G (1)
0-0-3

Paper In econometrics required of all Ph.D.
candidates who do not take 14.383.
F. M. Fisher

14.39 Undergraduats Thesis Seminar
(Revised Unit)
Pree.: 14.04, 14.06, 14.31
U (1)
3-0-9

Develops a thesis proposal through critical
reading of current research, review and written
commentary on topical literature, Individual re-
ports, and conferences. For senior economics
majors. Half-term subject.
0. J. Blanchard

14.01 Workshop In Economic
eserch (A)

Prereq.: 14.124,14.484
G(1)
2-0-10

14.302 Workshop in Economio
Research (A)
Prereq.: 14.124. 14.454
G (2)
2-0-10

Develops research ability of students through
intensive discussion of dissertation research
as it proceedls, carrying out of Indivdual or
group research projects, and critical appraieal
of current reported rearch. Workshops dI-
vided into various fields, depending on Interest
and size. Consult Department headquarters.
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National Income and
Finance

1440 Monetary and Banking Policy
Prereq.: 14.06
U (2)
3-0-9

Monetary factors affecting the level of national
Income and relationships of financial Institu-
tions to these factors. Financial organization of
society: the money-banking system, credit In-
stitutions, capital markets, and International fi-
nanclal relations. Monetary history.
D. Cuah

1442 Economics of Pollution
Prereq.: 14.01
U (1) Next offered 1987-88
3-6

Market processes with negative-good byprod-
ucts of production and consumption. Extemall-
ties In negative-good processes. Models of
pollution and congestion. Nature of subopti-
malities and the public policy problems. Ap-
proaches to public policy: property rights,
controls, subsidies, public Investment, pollution
and congestion charges.
J. Rothenberg

14.43 Public Finance

Prereq.: 14.03 or 14.04; 14.06
U (2)
3-0-9

Analyzes effect of taxation on microeconomic
activity. Examines directions for tax reform. In-
cone and corporation tax, Social Security
programs.
J. Rothenberg

14.451 Macroeconomic Theory I (A)
Prereq.: 14.06
G (2)
2-0-4

Macroeconomic analysis of general equilib-
rium. Financial markets and the money supply
process. Modeis of asset demand and the
channels of transmission of monetary and fis-
cal policy. Half-term subject.
R. Dombuech, S. M. Fischer.

14.482 Macroeconomic Theory 11 (A)
Prereq.: 14.451
G (2)
2-0-4

Determination of aggregate output, employ-
ment, and prices. Keynes and alternate theo-
ries. The Phillips Curve. Inflation in the short
and long run. Half-term subject.
R. Dombusch, S. M. Fischer

14.463 Macrooonomic Theory II (A)
Pre'eq.: 14.482
G (1)
2-0-4

Theory of involuntary unemployment; sources
of wage and pdice stickiness; role of expecta-
tions. Half-term subject.
0. J. Blanchard

14.484 Macroeconomic Theory IV (A)
Prereq.: 14.453
G (1)
2-0-4

Quantitative macroeconomics. Consumption,
Investment, and other components of aggre-
gate demand. Structure of complete econo-
metric models of the US economy. Half-term
subject.
R. M. Solow

14.468 Advanced Topics in Macroeconomic
Theory (A)
(Revised Unit)
Prereq.: 14.454
G (2)
2-0-4

Deals with certain technical aspects of applied
macroeconometrc research. Background In
time series econometrics and the theory of
stochastic processes Is assumed and applied
to concrete research problems. If there is suf-
ficient Interest, will also cover the relation be-
tween dynamic macro-econometrics, Arrow-
Debreu constructs and equilibrium theory. As-
sociated mathematical tools (basic functional
analysis, contraction mapping results) devel-
oped If necessary.
0. Quah

14.469 Advanced Topics In Macroeconomic
Theory (A)

Prereq.: 14.454o (2)
2-0-4
Advanced topics In macroeconomic theory of
current interest.
R. M. Solow

14.462 Monetary Economics I (A)
Prereq.: 14.122, 14.452
G (1)
3-0-9
Basic models of money and monetary eco-
nomics; business cycles and the role of ex-
pectations; consumption and Investment
decisions under uncertainty; asset pricing
models with special reference to equities and
the term structure of Interest; price bubbles.
0. J. Blanchard, S. M. Fischer, J. Rotemberg

14.463 Monetary Economics 11
Prereq.: 14.122, 14.452
G (2)
3-0-9

The Phillips curve and models of wage and
price determination; banking and financial In-
termedIation; monetary and fiscal policy.
0. J. Blanchard, S. M. Fischer, J. Rotemberg

14.471 Psh" EconomIs I (A)
Prereq.: 14,04
G (1)
3-0-9
First- and second-best fiecal theory (income
distribution, public goods, extemalities; dead-
weight burden, Ramsey Problem). Incidence
models. Economic response to taxation.
E. Shuhinski

14.472 Fiscal Economics Ii (A)
Prereq.: 14.04
G (2)
3-0-9

Quantitative analysis of economic effects of
fiscal Instruments and fiscal changes, such as
negative Income tax, corporate Income tax In-
tegraion, general fiscal Incidence, expenditure
taxation.
J. A. Hausman

14.474 Fiscal Economics Ill (A)
Prereq.: 14.124
G (2) Next offered 1987-6
2-0-4

Topics of current research interest In ad-
vanced fiscal theory, such as optimal taxation,
optimal expenditure policy, policies to deal
with extemalities. Half-term subjects.
J. M. Poterba

14.476 Social Insurance (A)
Prereq.: ,4.121, 14.122
G3(2) Nei offered 197-6
3-0-9

Theory of social Insurance and examination of
some of existing and proposed US programs
including some subset of Social Security, Un-
employment Compensation, Worker's Com-
pensation, National Health insurance.
P. A. Diamond

14.482 income DIstributIon Economics (A)
Prereq.: 14.124
G3(2)
3-0-9

Modem theories and empirical studies of the
determinants of the distribution of Income.
L. C. Thurow,

14.490J Advanced Topics In Financial
Econics (A)
(New)

(Same subject as 15.440J)
Prereq.: 15.415
3 (1,2)
3-0d t

See description under subject 1 5.440J.
C-F. Huang
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international, Interregional,
and Urban Economics

14.0 State and Local Government Finance
Prereq.: 14.01
U (2) Next oofred 1967.60
3-0-6

lssues In state and local government finance,
paying particular attention to role of labor
costs and labor relations. Topics include urban
fiscal crisis, school finance reform, public sec-
tor Impasses, and impacts of public employee
unions.
W. C. Wheaion

14.51J Urban oonomies
(Same subject as 11.008J)
Prereq.: 14.01
U (1)
3-0-
Analyzes urban problems in US using an eco-
nomic methodology. Metropolitan growth and
suburbanization, housing markets, segregation
and urban renewal, transportation systems,
ghetto economic development, municipal fi-
nance, and social service provision. Develops
theoretical perspectives primarily through die-
cussion of policy Issues.
J. Rolhenberg

14.53 Comparative Economic Systems
Preq.: 14.02
U (1)
3-0-6

Comparative study of the treatment of eco-
nomic problems under different economic sys-
tems. Analyzes the economic Ideology of
capitalism, utopian writings, market socialism,
workers' management, and Marxism. Func-
tions of prices, profts, and planning in alloca-
tion of resources. Compares several capitalist
and socialist countries Including the US and
Yugoslavia.
M. L. Wefza

14.54 International Trade
Prereq.: 14.03 or 14.04
U(1)
3-0-9
Theory of intemational trade and finance, and
application to current problems, such as ex-
change restrictions, economic development,
and foreign aid.
P. R. Krugnmn

14-53J Spatal Economis, Urban Markets,
and Public Policy (A)
(vised Content)
(Same subject as 1.283J, 11.41W)
Prereq.: 14.04
G (1)
3-0-9

Economic analysis of location, housing mar-
kets, urban land use, regional development
and systems of cities. Particular emphasis on
the ability of spatial and urban markets to allo-
cate resources efficiently, and the role of pub-
lic sector intervention.
J. Roelhnberg, W. C. Whuteon

14.574J Flecal FederalIsm and the Local
Public Sector (A)
(Same subject as 11.411J)
Prereq.: 11.41W or 14.573J
G (2) Next offered 196746
3-0-9
The role of Public goods, services, and Infras-
tructure In the operation of metropolitan areas.
The efficient provision and pricing of such ser-
vices. State and Local taxation and its effect
on resource allocation. Fiscal competition
among jurisdictions, and the movement of
households and firms In response. The opti-
mal assignment of responsibility to levels of
government.
W. C. Wheaton

14.561 International Economies I (A)
Prereq.: 14.04
G(1)
3-0-9

Theory of Intemational trade and applications
In commercial policy.
P. R. Knigmen

14.62 International Economics 11 (A)
Prereq.: 14.08, 14.581
G (2)
3-0-9

Adjustment In International economic relations
with attention to foreign exchange markets,
balances of payments, and the International
monetary system.
R. Dombusch

Labor Economics and
industrial Relations

14.63 Labor in Industrial Society
Prereq.: -
U (1, 2) HUM-D
3-0-4

Introductory analysis, through an Integrated
social science approach, of the nature of labor
problems In an industrial society; emphasizing
unemployment, participation in the labor force,
development of labor organizations, accom-
modation of management and unions through
the dynamic bargaining process, Industrial
conflict, and other selected Issues arising be-
tween management and labor In American

Term 1: L. Lynch
Term 2: M. J. Pore

14.64 Labor Economics and Public Policy
Prereq.: 14.01
U (2)
3-0-6

Theory and evidence concerning the function-
Ing of the labor market. Particular emphasis
on the roles played by government and
unions. Topics: minimum wages, labor market
effects of social insurance and welfare pro-
grams, the collective bargaining relationship,
discrimination, and unermployment. Permission
of instructor required for students without
14.01 background.
L. Lynch

14.671J Labor Economics I (A)

(Same subject as 15.671J)
Prereq.: 14.64 or 15.863
G (2)
3-0-6

Introduction to labor economics stressing al-
temative approaches to labor market analysis.
Special attention to theories of worker motiva-
tion and behavior, to the structure of labor
markets, to the determinants of wage levels
and unemployment, and to the historical evo-
lution of labor market Institutions.
M. J. MlOM

14.672J Labor EconomIcs 11 (A)
(Smne subject as 15.672J)
Prereq.: 14.04
G (1)
3-0-

Neoclassical analysis of the labor market and
its Institutions. A systematic development of
the theories of labor supply, labor demand,
and human capital. Also theories of wage and
employment determination over the life cycle,
including search and contract theories, and
the analysis of labor unions. Emphasis on the
empirical evidence and applications to policy
issues throughout.
H. S. Farber. R. Gibbons
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11WM labOe0 Pube MEy (A)
subject t 1.673J)

14.64
G(2
3+4

Ecoomi anlyss o isorproblemns thait are
O1e fE ol with emphamis on Owe
dovelopment of U s conceptual frame-
works and t e relevant -mpi10"
evidence. Includes dieininalon, Inone
polloies, health and safety regulaton, mini-
mum wages, otheorie of unemployment, em-
ployment and traning programs, and cole11ve

Wo In the private and pubio nolos.

1474J ecompealve f industrial
11i4 ona and Human

Development(A)
(Same subject as 15.674J, STS 512J)
Prere.: 14.64 or 15.663

3.04
Se description under subject 15.674J.
Ml. J. RIONe
14661ta Resech Senanr in industblal
Rnelanm (A)
(Same subject as 15.601J)
Prereq.: 14.671J or 14.672J
G(1)
3-0-
1466J Research Seminar In hIdusrisi
Rndellne (A)
(Sew subject as 15.6121)
Prersq.: 14.861J
G (2)
3-0-
See description under subject 15.091J,
15.662J. Informadon: R. V. MoKerele

Economic History

14.71 Topios in oonomlo History
Prereq.: 14.02
U (1) HUM-D
3.46
Apples economic analysis to histodial prob-
lems. Topics vary from year to year. In the
past thy Included "The EconomiO Efoles of
the Black Death," "7he Economic Causes of
Slavery and Seridom," and others. The Iocus
this year is on th US. Umed to 20. Some
knowledge of history desirable.
B. De Long

14.731 EconomIe History (A)
Preqx.. 14.04, 14.06
G (1)
3-0-9

A survey of world economic history designed
to Introduce economics graduate sludents to
the subject mater and methodology of eco-
nomic hislory. Topics chosen to show a wide
variety of historical experlence and to inlumi-
nate the prooes of Industrialsaion.
P. Temfin

14.732 Amerloon Economio History (A)
Prereq.: 14.04, 14.06
G (2)
3-0-

The rie of the US from an argioultural colony
to a manufactuing power. Consideraon of
both mioroeconomic (rairoads, elevery, tariffs)
and macroeconoric (wers, the Depreesion)

t. Comparson wih other economdes.
P. Temdn

14.733 Topis in European Economio
History (A)
(No")
Prereq.: 14.04, 14.00
0(2) Net oered 196746
3-0-9
Various aspeots of the European expelencs.
Includes Industrializaion, the efect of were on
national economies, the efoft of macroscon-
omic poiclee, the impact of the Depression,
the postwar recovery.
P. Temi

Economic Development

14.74 moonom Growth and Development
Prereq.: 14.02
U (2)
3-04
Analytcal treatment of the problems of eco-
nomic growth and development combined with
compaave atudlee of the growth of advanced
and underdeveloped sonomies. Considers
poicy measures to promote economic devel-
opment and growth.
R. S. Edam

14.771 EIc lplwtgonome:

Modela (A)
Prsreq.: 14.121, 14.122
G(1)
3.-9
National income esimaion and welfare pvalu-
anon, social maties. Ag
lsues: peasn beavior lend tenancy, factor
markels, and factor paents. Urban employ-
ment, rural-urban migraton, and urban-blas.
Rationale and experience of development
planning, growth models, multiso

dynami programming models,
gnea equiburn models, cost-benem

R. 8. Eckfaug

14.772 Development Economics:
MmoroeAonomles and Intemalonal
Complioatlne (A)
Prereq.: 14.121, 14.451
G (2)
3-0-9
Quanttave study of development palems.
MAr-----oNoMIc of poor counries: stabilsa-
ion poliy (orthodox and struoluralist p
p-ohos), *anm mion,, taen-tde,
oumplaliveo amosse afb* hcginme isi
buon output, and Population gwh. Tr
paterns, intematonal debt, and tanenadlon.
als. Orthodox, struoturadit, and Mandet theo-
rios of trade and development.
L. J. Tayfor

iuua
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14.774 Teohnology and Development (A)
Pr sq.: 14.74
G (2) Next ofred 167-06
3-0-9
A survey, for noneconomics mjors, of Issues
In Identifying, choosing, and using partcular
technologies in developing countries and con-
sequences of decisions made. Topics: eco-
nomic analysis of implications of social,
political, and technological orteda and con-
straints on choice In rural as well as urban
production conditions. International transfer
and adaptation of technoly, including role of
tranenatlonal corporations. Castudies de-
velop and Illustrate problems.
R. S. Eokaus

14.776 Theory and Problems of Economic
Development (A)
Prereq.: 14.02
G (2) Next offered 191748
3-0-9
For nonoconomlos majors a survey and
analysis of problems of developing countries.
Special attention to Interrelationships between
agricultural and Industrial sectors and urban-
rural migration, analysis of dual economies In
development processes, resource allocation,
Intemational trade and development problems,
monetary and structural changes, applications
of oost-benefit analysis and planning models
for development.
R. S. Eckaus

14.778J Theories of Economic
Development (A)
(New)
(Same subject as 11.486J)
Prereq.: 11.210
0(1)
3-0-6

See description under subject 11 .486J.
L. Taylor

14.70 AlternatIve Approaches to
Macroeconomic Theory: Distribution,
Growth, and Price Formation (A)
Prereq.: 14.04,14.06
G (2)
3-0-9

Reviews neoclassical and non-neoclassical
(Marxian, Cambridge-style, and other) rules
describing growth and distribution models. Re-
cent topics In Marxian debate: joint production
and measurement of surplus, unequal ex-
change, falling rate of profit. Cambridge
models: price formation, reswitching, growth.
Structuralist models: underdevelopment, mon-
etary Issues.
L. J. Taylor

14.711J Political Economy 1: Theories of
the Stats and the Economy (A)
(Same subject as 17.156J)
Prereq.: Permission of Instructor
G(1)
3-0-9
See description under subject 17.156J.

. Berger, M. J. Plore

14.7M2 Comparstive Economio Systems (A)
Prereq.: 14.121, 14.451
G (2)
3-0-9
Comparative study of capitalism and social-
Ism, including market socialism, workers' man-
agement (in Yugoslavia), Manism and
oentrally-planned economies, emphasizing the
Soviet Union. Soviet Industrialization debates
and growth models. Development of the So.
viet economy. Management of agriculture and
industry. Prices and wages. Measures of rela-
tiv eftcency. Comparisons with China.
M. L. Weltren
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15 Management

Managerial Economics

16,UR Undergraduate Rseserch
Pr e.: -
U (1,2)
Arr.
E50ended parlolpation in the work of a re-
sarch group which Includes such aovites
as independent study of the literature, direct
involveen in the Wop's research common-
surate with the st'ns Wiile and prepar-
lion, or project work under an Individual faculty
member extending over more than one term.
Admilsion by arrangement with Individual fac-
ulty member.
L MoAater

16.001 Managerl Eonomis
Prre.: -
U (1,2)
4-4
Introduces micro and macroeconomics em-
phauling model building and applications.
Mechanisms of supply and demand and eco-
nomics of consumer and business decisions.
Operaton of the price-proit system. Market
structures and market behavior In specific In-
dustries. Determination of naional income, ag-
gregate ievel of economic actMty, and Interest
rates. Introduces flecal and monetary policy.
Analyses of economic problems of relevance
to management.
N. L Rose

15.002 introduction to Managerial
Eonomlos
(New)
Prom.: -
G"(1)
2-0-4
Introduces basic principles of micro and ma-
croeconomios and applies them to mana-
ment decision making and anlaysis of pu ic
policy. Restricted to graduate students In
Sloan School of Management.
N. L. Rose

15.011 Applied Mlorosoonomis
Prereq.: 14.01 or 15.001
G(1)
3--
Applies basic principles of microsconomic
analysis to management decision maldng and
analysis of publi policy. Cost and produCdin,

ane mand, m
related polces. Pltionales for and effects of
anttrust and govemment regulation.
E. R. endt R. 8. Pfndyck,
A. L. Bohmnaanee

15.012 Applied Mearo and intmiosnal

Prereq.: 14.02 or 15.001
G (2)
3--
Macroeconomics, Interational trade and fi-
nanoesmp ng micdns for business
behavior. opic : business
cycles and their effeots on itremone-
tary and flesal polioy, lnflatin end unemploy-
ment, isng-erm economlo growth,
macroeconomic forecastng, intemational top

Ice: balance of payments, xhae rates,
trade and polic, and In.
tem na odcompeo lIn
and investment, irtemadonsi deb -
And World financia systemn.
J. J. 40lomb0, L. O. IhN~w

15.013 IndustrisI soonomlos for Straleglo
Decisions (A)
Pr .: 15.011
G(1,2)
3-0
Applies principles of Industrial economics most
relevant for corporate strategy to analysis of
particular Industries. Topics: market structure
and its determinants; rational strategio behav-
lor in "sma numbers" situadons; for
prios and nonoprie com o prIo-
Ing, output, and decisions; entry
and entry deterrence; evolution of Industries.
R. 8. PiOdyck, R. L. Schmaiense,
E. R. Bemdt, T. M. Stoker

15.014 Macroeconomio Problems and
Policies (A)
Pr eq.: 15.012
G~l
3-0-

Focuses on determination of aggregate eco-
nomic variables of interest to business and the
use and interpretation of macrosocnamic
models and forecasts. Dieousses the deof
macroeconomic sabdhaon policiesd
role of macroeconomic Institutions like the
Federal Peserve.
J. J. Rowmberg

15.016 Public Sotor Esonomios and
Pinmnes (A)
Pr .: 15.012
0(2) Nex offerd 101-11

Analyses investment and operating choices
where strong interdependence of publio policy
and private actin existe. Evaluates goven-
ment Intervention through expendituaes, *an-
del subsidy, taxeon, reguiation and pubic

pia , and prIvelo response in ron-
ments which these waWons oreate. Sample ap-
pilictione In energy and natural resources,
wironmena control, Industrial promoton.
Content relevant to private firms, pubic agen-
oles, and their consutants.
H. 0. Jecoby
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15.017 Economics of Government
Regulation (A)
Prereq.: 15.011
G (2)
3-0-6
Considers rationale, origin, and effects of the
major forms of govemment regulation of firms
and markets. Uses experience in the US to
Illustrate principles and problems. Economic
and political foundations, Ideal and actual pub-
lic utility regulation, utility regulation applied to
competitive markets, new policies aimed at
health, safety, consumer protection, and envi-
ronmental preservation.
N. L. Rose, R. L. Schmalensee

15.018 Economics of International
Business (A)
Prereq.: 15.012
G (1, 2)
3-0-6

Studies key factors shaping the intemational
economic environment and their implications
for business. Topics: the causes of exchange
rate volatility, its effects, and its implications
for business strategy; intemational lending and
country risk, emphasizing causes and predic-
tion of debt crises; intemational competition,
including both competitive strategies of firms
and effects of intemational trade and industrial
policies.
J. J. Rotemberg

15.019 Energy Economics and Policy (A)
Prereq.: 15.011
G (1)
3-0-6

Surveys recent work in energy economics and
management, paying particular attention to US
energy situation. Develops analytical methods
and stresses use of research tools and results
in public and private sector decision making.
Topics: Intemational aspects of energy policy,
domestic price controls, energy and the envi-
ronment, demand modeling and management,
new energy technologies, and interactions be-
tween energy sectors and the macroeconomy.
Consult: H. D. Jacoby

16.024 Applied Economics for Managers
(Revised Content and Unit)
Prereq.: -
G (S)

Develops facility with concepts, language and
analysis tools of economics. Covers micros-
conomics, macroeconomics, and intemational
trade and payments. Emphasizes integration
of theory, data, and judgment in the analysis
of corporate decisions and public policy, and
in the fssessment of the changing US and in-
temational business environment. Restricted
to Sloan Fellows.
H. D. Jacoby

11,031 Case Studies In Strategic Economic Operations
Analysis (A)
Prereq.: 10.011
G (1)
3-0-6

Analyzes public and corporate policy problems
emphasizing approaching and solving complex
problems. Students work through several ac-
tual policy problems during semester. Exam-
ples: a decision to import liquefied natural gas
under a long-term contract, design of an opti-
mal strategic stockpile of crude oil for the US,
and financing of a new copper venture in a
less developed country.
R. S. Pindynk

15.034 Applied Econometrics and
Forecasting for Management (A)
Prereq.: 15.061
G (1, 2)
3-0-6

Designed for students interested in applied
econometric methods and business forecast-
Ing. Emphasizes problems typically encoun-
tered in conducting empirical econometric
research, ' evaluating results and testing hy-
potheses, and in constructing forecasts. Re-
quires term paper. Problem sets involve
working with econometric models and the
computer.
E. R. Bemdt, T. M. Stoker

15.041 Research Seminar in Applied
Economics
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

Discusses current research problems in ap-
plied economics. Topics vary from term to
term. Designed primarily for doctoral students.
Consult: J. J. Rotemberg

16.063 Introduction to Management
Science
Prereq.: 16.02, 18.06
U (1, 2) SD
4-0-8

15.0568 Applied Mathematical Programming
Prereq.: 18.02, 18.06
G (1, 2)
4-0-8

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 programming,
integer programming, and nonlinear program-
ming. Solving problems by computer and in-
terpreting the results. 15.058 is more
advanced than 15.082 and substitutes for it.
J. B. Orlin

15.059 Mathematical Programming Models
and Applications (A)
(New)
Prereq.: 15.053 or 15.058 or 15.081J
G (1)
3-0-9

Extends the development of mathematical
modeling techniques introduced in 15.058 em-
phasizing skills needed to perform model-
based analysis. Covers practical applications
of advanced mathematical programming mod-
eling techniques, including network modeling,
quadratic programming and applications, linear
programming with uncertainty, multiple objec-
tive programming, with case studies in produc-
tion planning, vehicle routing, and strategic
planning.
R. M. Freund

15.061 Mison Support System. il

rrs-. 18 ii
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.
Restricted to graduate students in Sloan
School of Management.
A. L. Bamett, .A. Wong

126DManagement
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16.02 Decision Support Systems III
Prereq.: 15.061
G(1,2)
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 rec-
ommendations. Topics: decision analysis,
simulation, linear programming, and network
flows.
R. M. Freund, J. F. Shapiro

15.066 Decision Analysis (A)
Proreq.: Permission of Instructor
00)
3-0-

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
complex decisions, and mult-attributed utility
theory.
G. M. Kaufman

15.067 CompetItive Decision Making (A)
Prereq.: Permisison of instructor
0 (2)
4-0-5
Problems of decision making In competitive
and conflict situations, when behavior of com-
petitors or adversaries affects decisions. Basic
theoretical results in relevant fields. Participa-
tion in out-of-class negotiation exercises simu-
lating real competitive business situations
provides experience in making rapid but calcu-
Isted decisions in situations characterized by
high degree of uncertainty and sophisticated
competitors.
G. M. Kaufman

15.071 Management Decision Support
Models
Prereq.: -

3-0-6
Model-based approach to modem 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.
0. R. Btran

15.073J Introduction to Stmocat
Processes (A)
(Same subject as 18.445J)
Prerq.:18.313 or 18.440 or 6.041
G0(1, 2)
4-04
See despription under subject 18.445J.
information: R. M. Dudley

16.074 Mathematical Models and Policy
Analys (A)
Prereq.: 15.061 or 15.075
G (2)
3-0-
Cae-study method exploring strengths and
weaknesses of mathematical models, espe-

ially those related to data analysis, that affect
decision making of legislature$, corporatIons,
courts, and regulatory agencies. Topics: car-
cinogenic hazards of various substances, de-
terrent effect of criminal sanctions, statistical
evidence in job-discrimInation proceedings, ef-
fective operation of mass-transit systems.
A. L. Bamett

15.075 Applied Statistics (A)

Prsreq.: 18.440 or 6.041
S(1,2)
3-"-
Introduces statistical data analysis concentrat-
ing on specific techniques used in manage-

-ment science. Topics: exploratory and
graphical data analysis, smoothing, regression
models and diagnostics, statistical Inference
for linear models, sampling and data collec-
tion. Open to qualified undergraduates.
R. E. Welsch, M. A. Wong

15.076J Statistics for Model Building (A)
(Same subject as 18.457J)
Prereq.: 15.075 or 18.443, 18.06
G (2)
3-0-9
Unear and nonlinear regression analysis em-
phasizing detection and correction of model
failures and variable selection. Robust meth-
ods, bootstrap, jackknife, and cross-validation.
Data transformation, graphics, and non-para-
metric multiple regression. Topics illustrated
on actual case material. Heavy use of statisti-
cal computer packages.
R. E. Welsch

15.07$J Logistical and Transportation
Planning Methods (A)
(Same subject a 1.203J, 6.281J, 11.526J'
13.66J, 16.7&J)
Prereq.: 6.431, 15.075
G(1)
3-0-9
See description under subject 1.203J.
A .lBamett, R. C. Larson, A. R. Odoni,
H. N. Psaraffls

15.079 Workshop in Applied Statistics

Preroq.: Permission of Instructor
G(1.2)
Arr.

Presentations by faculty, students, and guest
speakers concerned with research in applied
statistics, data analysis projects related to
management, statistical consulting, and statis-
tical computing. Discussions of recent litera-
ture dealing with abjects of special interest to
participants. Primarily for doctoral students.
R. E. Welsch

15.061J introduction to Mathematicl
Ptogramming (A)
(Same subject as 6.251J)
Prersq.: 18.06
G (1, 2)
3-0-9
See description under subject 6.251J.
R. M. Freund, R. G. Gallager

15.082 Network Optimization (A)

Prereq.: 15.061J
G (2)
3-0-9
Network models for Industrial logistics sys-
tems, transportation systems, communication
systems, and other applications. Emphasizes
algorithms and their efficiency; algorithms for
shortest routes, minimum cost flow, minimal
spanning trees, traffic equilibrium, vehicle rout-
ing and the traveling salesman problem, facl-
Ity location and network design, matching.
implementation issues.
T. L. Magnant, J. B. Orlin

15.083 Combinatorlial Optimization (A)

Prereq.: 15.061J
G (1)
3-0-6

Devoted to integer programming and related
topics. Group optimization methods and Inte-
ger programming duality theory. Benders'
method for mixed Integer programming. Intro-
duction to combinatorics Including matrolds,
properties of integer polyhedra, theory of com-
putational complexity, optimization of sub-
modular functions.
J. B. Orlin

15.084J Nonlinear Programming (A)
(Same subject as 6.252J)
Prereq.: 18,06, 18.100
G (2)
3-0-9
See description under subject 6.252J.
J. F. Shapiro, D. P. Bertsekas

15.0609 Workshop In Operations Research

Prereq.: Permission of instructor
G (1, 2)
Arr.

Presentations by faculty, students and guest
speakers of ongoing research concerned with
current issues in Operations Research. Typical
topics: reports of research projects, proposed
or In progress, informal discussions of recent
literature dealing with subjects of special inter-
est to participants. Primarily for doctoral
students.
T. L. Magnand

15.090 Special Seminar In OperatIons
Research (A)
Prereq.: 15.061, 15.062
0 (1, 2)
Arr.
Current topics related to operations research
not otherwise included In curriculum.
T. L. Magnani
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Health Care Management

15.121 Seminar In Health Management (A)
Prereq.: Permission of Instructor
G (1)
3-0-6

15.122 Seminar In Health Management (A)_
Prereq.: Permission of Instructor
G((2)
3-0

Studies selected organizational and manage-
ment Issues facing managers of health w-
vices, health education, and health research
Initutions as discused by Invited guests who
are experienced managers. Primarily for grad-
uate students with background or concentra-
tion In health management. Others admitted
by permission of Instructor.
N. S. Steams, E. B. Roberts

15.136 Health Technology (A)
Prereq.: Permission of Instructor
G (2)
3-4
Research seminar In the development, evalua-
tion, and dissemination of medical technolo-
gles and practices. Strategies for management
of basic and applied biomedical research.
Communication channels for research results
among researchers aril from researchers to
users. Analytic methods for evaluation of effi-
cacy and social Impact. Examines factors In-
fluencing commercial development of new
health technology.
S. N. Finkelstoln

15.141J Comparative Health Systems (A)
(Same subject as 17.228J)
Prereq.: Permission of Instructor
G(1)
3-0-8

See description under subject 17.228J.
S. N. Flnkelteln, H. M. Sapolsky

15.144 Analytical Methods for Health
Policy and Management (A)
Prereq.: Permission of Instructor
G3(2)
3-0-6

Applies analytical methods to health policy
and management problems. Conasders inci-
dence, prevalence, cost, and other character-
istics of disease and Ill health having
significant management or public policy Impli-
cations. Reviewi public and private Initiatives
In disease control, prevention, and research.
S. N. Pnkeistein

1.14e Speolal Shude In Han
Management (A)
Prersq.: Permission of Instructor
G (1, 2)
Arr,
For graduate students who dsirs to do ad-
vancsd work or researc on a health manag
ment problem not specifically covered
slsewhere. Readings, conferences, fieldwork,
and reports.
E .BRoberfs

Intemational Management

15.215 International Dimensions of
M-agntnt
Prereq.: -
GQ(2)
3-0

emy and practice of Intemnaonal business
emphasizing salogy selection an Implemen-
tation In response to the agin tma-
tional environment. Role of pW polices In
global competition and thsir Interacton with
corporate strategies. Restricted to Sloan
Fellows.
D. R. Lessard

15.221 Interationel Business
Management I (A)
Prere.: Permission of Instructor
(3(2)
3-0

Introduces global regulatory and competitive
environment within which International busi-
ness transactone take place, and the role and
behavior of the multinational Arm as it re-
sponds to Its own Internal dynamics and the
external environment. Examines Interface be-
tween multinational firm and the nation-state,
Identifying points of potential conflict and co-
operation. Draws on examples from various
countries and Industries.
D. F. Simon

16.222 International Business
Management N (A)
Prereq.: 15.221
G (1)
3-4
Analyzes internal structures and processes of
the multinational firm In context of global regu-
latory and competitive environment. Empha-
sizes managing Information flows, formulatng
and Implementing strategy, developing and
maintaining required social resources, and de-
signing *ffectve organizational structures.
D. E. Westney

15.223 International Business
Enviroment (A)
Prereq.: 15.221
G~l
3-4
Analyzes social and poltial environments
of the multinational firm at advanced level.
Theory and practice of environmental scan-
ning function and its Interaction with other or-
g-nizational processes. Compares processes
of environmental adaptation of US and Japa-
nose multinational firms. Information: D. E.
Westney
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15.24 Inirultual CommunIeation I(A)
Prsreq.: 15.221
G (2)
3-04
15.225 Intercultural Communloation 11 (A)
Prereq.: 15.224
G (1)
3-0-6
Vehicle to provide academic credit for Inde-
pendent study Involving In-depth exposure to
culture with which student has had no signifi-
cant prior exposure. Typically Includes lan-
guage training, special project carried out
during three months of foreign residence, and
written report based on experience. Informs-
lion: D. E. Westey

15.22? Internatonal Technology
Transfer (A)
Prereq.: Permission of Instructor
G (2)
3-0-
Examines technology flows among countries
focusing on transfer issues In: East-West rela-
lions and export controls; third worid develop-
men; Internationm competition an technology
transfer among industrialized nations; technol-
ogy exchanges among third world nations.
Emphasizes role of multinational firm as pur-
veyor of technology; examines licensing of
technology, co-producdo, patents. Analyzes
experiences of different countries for sources
of past problems and ways of avoiding future
probiems.
D. F. Simon

15.229 Special Seminar In International
Mar:oeuent (A)
Prereq.: 15.221
G (1, 2)
Arr.

Opportunity for group study by graduate stu-
dents on current topics related to International
business not otherwise Included In curriculum.
D. R. Lessard

History and Environment

11.211 Readings In Power and
ReeponslbilIlty (A)
Prereq.: Permission of Instructor
G (2)
3-0-6

Studies managerial power and responsibility In
relation to today's world. Examines conflicts
between power and moral responsibility, the
value-complexes which underlie modem West-
em society, and the major political and eco-
nomic stances available to leadership In
coping with current problems. Restricted to
Sloan Fellows.
W F. BoltiglIa

15.269 Business and the Media (A)

Prereq.: Permission of Instructor
G (1)
2-0-4

Studies Interrelationships of business and the
media, to provide managers with a realistic
understanding of joumalistic reporting and
Interpretation as it affects corporate practice.
Divided into sessions dealing with editorial
viewpoints as reflected In the media, discus-
slons with appropriate editors and correspon-
dents, and corporate responses obtained from
published records and meetings with corporate
public affairs officers from major firms. Re-
stricted to Sloan Fellows and second-year
graduate studente.
L. L. Banks

Communication

15.20 CommunIcation for Managers
Prereq.: -
G (1, 2)
2-0-4

Writing and speaking sills necessary to a ca-
reer In management. Students leam communi-
cation strategies and methods through
discussion of principles, examples, and cases.
Many short written and oral assignments,
some coordinated with other subjects. Re-
stricted to first-yew Sloan School of Manage-
ment graduate students.
J. Yates, M. PblrOwsW

15.211 Advanced Managerial
Communication (A)
Prereq.: 15.280
G (1)
3-0-6

Builds on managerial writing and speaking
skills developed In 15.280. Introduces more
advanced communication skills Important to
managers, Including running and contributing
productively to meetings, listening, and being
Interviewed by news media. Provides Instruc-
tion and practice In writing longer reports end
giving longer oral presentations for a business
audience, generally In conjunction with an out-
side project for another subject.
J. Yates
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Organization Studies

15.301 Managerial Psychology Laborao
Prereq.: -
U (1, 2) LAS
24-4

Core subject for students majoring in manage-
ment science. Surveys individual and social
psychology and organization theory interpreted
in the context of the managerial environment.
Laboratory involves projects of an applied na-
ture in behavioral science. Emphasizes use of
behavioral science research methods to test
hypotheses conceming organizational
behavior.
r J. Allen, Jr., J. S. Carroll

15.304 Complex Organizations
Prereq.: 15.301
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 de-
viancy, control, ritual, authority, decision mak-
Ing, and socialization in organizational
settings. Combines field observations, inter-
views, and participation in a given social orga-
nization with readings drawn from the
ethnographic literature on culture and subcul-
ture In America.
J. E. Van MAeanen

15306 Behavioral Science Research

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); research design (pur-
poses, variance control, control of extraneous
variables, use of control groups, randomized
designs, factorial designs). Specific techniques
of various designs (questionnaire construction,
sampling, interviews, systematic observation).
Organization and deveme of research
project. Information: J, S. Carroll.

15.311 Managerial Behavior in
Organio"
Prore.: -
Q (1, 2)
3-0-
Examines interersonal and human s of
both public ad private enteprise. Empha-
sizes managerial applications of sodal science
concepts and research findings. Uses exper-
lenla learnin modes and case analyses as
well as lecture and discussions. Class ma-
teals cover both micro concems (I.e., indvd-
usls and smal groups), and macro issues
(i.e., organizational Interrelations, culture, and
leaming). Primadly for first-year Sloan Mas-
ters students in fall term, others only by per-
mission of instructor. J. E Van Maanen

.312 Managerial Deoleion Maling and
Leadership (A)
Prereq.: 15.301 or 15.311
G (1)
3-0-6

Examines Individual managerial behavior
within organizations. Includes: judgment and
choice, Individual decision style, causal rea-
soning, decision aids, motivation, and leader-
ship. Stude without stated prerequisites
may enroll with permission of instructor.
J. S. carroll

15.313 Interpersonal Dynamics and
the Management of Groups (A)
Prereq.: 15.301 or 15.311
G (2)
3-0-

Examines basic concepts of how people relate
to each other and how groups work from both
a psychological and sociological perspective.
Through lectures, discussion, fieldwork,
weekly leaming group exercises, and written
assignments students leam not only the con-
cepts but also how to improve their own com-
munication and group membership. Students
without stated prerequisites may enroll with
permission of instructor.
E. H. Schein

15.314 Organization Design (A)
Prereq.: 15.301 or 15.311
G (2)
3-0-6
Examines the character and characteristics of
effective organizations. Includes: designing or-
ganization structures, managing change, orga-
nization environment relationships. Classes
use lectures, seminars, practice cases, films,
and some team projects. Students without
stated prerequisites may enroll with permis-
sion of instructor. Information: J. E. Van
Maanen

15.317 ComparatIve Study of
Organizations (A)
Prereq.: Permission of Instructor
G (1)
3-0-
Examines management of organizations and
organizational processes In various parts of
the world. Special focus on highly Industrial-
Ized societies, particularly Japan. Designed for
advanced masters and doctoral students.
C. E. Wnty

15.322 OrganIzational Psychology (A)
Pr eq.: Permission of Instructor
G (1)
3-0-6

Analyzes - through lectures, discussions, and
class exercises - management of human re-
sources in industry. Restricted to Sloan
Fellows.
J. E Van Maanen, E. H. Schein

15.W Booft of Work and
Organisation(A)
Prereq.: Permission of instructor
G (2) Next offered 1986748
3-0-

Revlews key concepts and research findings
from sociology which Illuminate the nature of
work, how organizations evolve, and mana-
gerial process. Practice in use of sociological
methods for studying work and organizons
both In public and private sector. Designed for
advanced master's and doctoral students.
J. E. Van MAeanen

15.339 Social Peychology of Work and
Organizations (A)
Prereq.: Permission of instructor
0 (2) Not to be oftred 1987-46
3-06
Reviews key concepts and research findings
from social psychology which Illuminate the
nature of work, functioning of organizations,
and managerial process. Issues in use of so-
cial psychological methods for studying work
and organizations both in public and private
sector. Designed for advanced master's and
doctoral students.
J. S. Carroll

15.341 Seminar in Behavioral Solences
Prereq.: -
G (1)
3-0-6

Develops basic concepts for understanding in-
dvdual, group, and organizadonal behavior
through critical analysis of important works in
the field. Areas covered: cognitive, affective,
change, control, input, throughput, output, and
structural processes. Emphasizes use of be-
havioral science concepts for stimulating new
and useful management science research and
the application of behavioral science results to
typical management problems. Restricted to
doctoral candidates in the Sloan School of
Management.
J. E Van Mamnen

15.346 Doctoral Seminar in Organization
Studies I (A)

Prseq.: Permission of Instructor
G (1)
2-0-7

13.346 Doctoral Seminar In Organization
Studies N (A)

Prereq.: 15.345
G (2)
2-0-7
Seminar covering the basic fields of social
psychology, individual psychology, and sociol-
ogy and organization theory for purposes of
preparing the doctoral candidate for his or her
doctoral examinations. Basic concepts, theo-
rise, and research methods serve as focus for
the seminar. Restricted to doctoral candidates.
Information: E. H. Schein

I
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14? ooWtr SemNar in Resarh
Methoda I (A)
Prereq.: Permission of Instructor
G(1)
4--
Introduces the process of social reseati, em-
phasizing the conosptualuation of reseach
choloes to maiinze validity, relevance, and
beneit-costa comparisons. Includes: research
design (experiments, quasi-experiments} and
specific measurement techniques (question-
nalres, Interviews, observation).
J. 8. Caro

15,54 Doctoral Seminar In Research
Methods N (A)
Prsreq,: 15.347
G (2)
4-0
Practice of social science research. Student
lam to handle specf research problems

Intenhive analysis of published re-
sr papers, a series of written exercises,
and group term project based on a common
data base provided for the class. Emphasizes
logic of data analysis and role of conceptuall-
zation in the research process.
L. L. Ballyn

15.349 Personl sue in the Management
of Human Resources (A)
Prereq.: Permission of Instructor
G (2) Next ofered 167486

Explores assumptions underlying organize-
donal career procedures and cnsequences of
twes procedures for employees. Considers
Implications of changes In Individual lifestyles
and In values surrounding work and success
on management of human resources In
organizadtons.
L. L. Ballyn

Management of Technology
and Innovation

1151111Manng Technology and

Prersq.: 15.301 or 15.311, 15.501 or 15.515
G (2)
3-0

Wide range of topics In corporate manage-
ment of technology and Innovation. Issues re-
lated to managing technical function and
central R&D lab, Including prject manage-
ment, lab management systems and structure,
project -l0on technological forecasting,
and management of technical personnel.
Technical Interface Issues, such as the rela-
tionships among marketing, manufacturing,
and R&D. Topics central to general study of
Innovation, Such as entrepreneurship and Ven-
ture management. Informadton: E. B. Roberts

153O Managing Technological
Innovation (A)
(NW
Prereq.: Permission of Instructor
G (1)
20-4

Managerial perspectives on development and
consequences of technological innovations In
product and manufacturing process. Issues r-
lating 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 busin development
and diversification. Restricted to Sloan
Fellows.
E. B. Roberts

15.361 Managing Professionals
Prereq.: -
G (8)
3-0-

Examines human side of management through
application of behavioral science research
findings. Topics: supervisIng/motivating profes-
sional employees; career orientations; Offec-
tive conflict management; group creatvity/
decision maldng; managing product teams;
group agIng; critical roles for innovation; orga-
nizational structure/communication. Empha-
sizee professional indMduals and groups.
Primarily for members of the Management of
Technology Program. Others admitted by per-
mission of Instructor.
R. Katz

15SIJMnufaturngieanolegy
intedfac (A)
(Same subject as 3.565J, 13.686J)
Prereq.: Permission of Instructor
G (1)
3-"
Focus on the management of process Innova-
tion. Economic and other Influences on manu-
facturing process change. Interactions
between research, development and engineer-
ing activities, and manufacturing operations.
Transfer of new product developments Into
manufacturing. Primarily for members of the
Management of Technology Program. Others
admitted by permission of Instructor.
J. M. Utback

15.367 Marketing/Technology interface (A)
Prereq.: 15.361 or 15.810 or 15.812
G (2)
3-0-

Market inputs to product research, design, and
development. Market research tecniques for
new product development. User role as source
of Innovations In industrial goods. Marketng of
advanced technology products and systems.
Primarily for members of the Management of
Technology Program. Others admitted by per-
mission of Instructor.
E. A. von Hippel, 0. L. Urban

15.30 Corporate gtrategies for
Managi Reseroh, Development, and
Enginesng (A)
Prereq.: 15.351 or 15.361
G (2)
2-0-7

Joint seminar with the Harvard Business
School technology management group. Stra-
tegic Issues In managing research, develop-
ment, and engineering. Considers corporate
research laboratories, new venture organiza-
tions, and Integration of RD & E Into corporate
strategy. Lecture session by faculty of both
schools and by Invited speakers from govem-
ment and Industry. Independent study and
preparation of reports by Individual students or
teams of students.
E. . Roberts

16.371 The R&D Process: Communication
and Problem Solving (A)
Prereq.: 15.311 or 15.351 or 15.361
G (1)
3-0-6

Examines the fundamental processes of re-
"arch and developeant. Corasts bask si-
eno with technology. Presents recent
research on the sx t n of organizations to
accomplish research and development goals.
Looks at factors Influencing technical commu-
nication patterns and technology transfer.
T. J. AMen, Jr.
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15i.3 New Enstees (A)
Prereq.: Permission of instructor
G (2)
2-14

Develops detailed plan for launching a new
technical venture by each student. Lectures
pove information needed to succeed at #t
task. Topics: organization and management of
ventures; patents and other means of new
product protection; obtaining venture capital;
research partnerships.
E. A von HO

Finance

1.410 Accountin and Finanoe N
Prerq.: 15.515
G (2)
2-0-4

Surveys and analyzes financl problems fac-
ing managers, including theoretical introduc-
tion to financial Institutions, financial
Instruments, and capital markets. Topics: func-
tions and operations of capital markets, theory
of efficient markets, portfolio and valuation
theory, capital budgeting and investment deci-
son making, firm's cost of capital, long-term fl-
nancing Instruments and financing decisions,
dividend policy and capital structure. Re-
stuicted to graduate students In Sloan School
of Management.
J. C. Cox, J. E. Parsons

15.411 Financial Management (A)
Prereq.: 15.511, 15.024,15.071
G (1)
3-0-6

Surveys what an organization Invests In and
how much it Invests: where and how funds for
Investment are obtained; how financial Insdtu-
tions and financial markets operate. Topics:
capital budgeting and Investment decision
making; functions and operations of the capital
markets; valuation theory; long-term financial
Instruments and financing decisions; capital
structure and dividend policy. Restricted to
Sloan Fellows.
S.C. Myers

15A12 Financial Management 11 (A)
Prereq.: 15.501 or 15.515
G (1, 2)
4-0-8

Content similar to 15.410 but coverage deeper
and more extensive. Primarily for students not
concentrating In finance.
J. C. Cox, J. E. Persons

15.413 Topics In Corporate Financial
Management (A)
Prereq.: 15.410 or 15.411 or 15.412
G (1, 2)
3-0-

Extends and applies topics and concepts cov-
ered In 15.410, 15.411, 15.412. Covers fnan-
cial planning, leasing and project financing,
mergers, pensions, and new approaches to
corporate Investment and financing decisions.
T. A. Marsh

1,416 Finance Theory (A)
Prerq.: 15.011, 15.515
G (1, 2)
6-0-g
Core theory of Opital markets and corporate
finance. Topics: functions and operations of
capta markets; analyis of consumption-
investment decisions of investors; diversfc-
tion and portfolo seleodon; valuation theory
and equilbrium pricing of risky sisl; theory
of effMent markets; and investment and 6-
nancing decisions of firms. Theoretical founda-
don for furthr study and practical applications.
Required for students concentrang in finance.
R. C. Maeron, R. 8. Ruback

15A18 Taxation and Bulnes
Management (A)
Prereq.: 15.410 or 15.412 or 15.415
0 (1,2) Next oftred 19074
3-0-

Analyzes of taxadon on conduct of busi-
ness. Concentrates on major decisions in
which taxes Impinge on the firm or Its man-
ager; concern with both theory and reevat
empirical evidence. Topics covered: the "dou-
be-taxation" of dividends; the effect of capital
gains taxation; tax Incentives; compensaon
planning; the effect of taxation on effort; after.
natives to income taxation. lpformation: S. C.
Myers

15A19 Finance for International
Managers (A)
Prereq.: 15.012, 15.410 or 15.411 or 15.412
G (2)
3-0-

Analyzes decisions of firms operating Interna-
donally emphasizing interaction of financial
considerations with operating strategy and tac-
tOs. Topics: Implications of fluctuating ex-
change rates, differing fiscal regimes,
segmented and distorted capital markets, po-
lical risks for investment, financing, contract-
Ing, financial logistios, measurement and
control of performance. Examples from Indus-
trialized and developing countries. Primarily for
students not concentrating in finance. Credit
not given for both 1519 and 15.436.
J. E. Parson.

15432 Capital Markets and Financial
Institutions (A)
Prereq.: 15.415
G (2)
3-6
Role and functioning of the capital and money
markets as a device for the allocation of re-
sources, the channeing of lovestable funds,
and t reallocation of risk. Function of inan-
dl Intermediaries operating in tse markets.
F. ModpNaM
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15.433 emIurty Prioe (A)
Prereq.: 15.415
G (2)
3-0-6
Studies behavior of security prices and re-
turns. Empirical work on efficient markets hy-
pothesis and capital asset pricing models.
Applications to portfolio management and cor-
porate finance. Requires empirical term
proj. Mar
T. A. Marsh

132D

15.436 Investment Banking and Markets (A) AcCOunting
Prereq.: 15.415
G (1)__ _ _ _ _ _ _ _ _ _ _

3-0-6
Surveys the intemational investment banking
Industry and the financial markets and Inter-
mediaries the Industry deals with. Description
of trading and hedging techniques. Analysis of
new financial products and procedures.
R. C. Merlon

15.440,1 Advanced Topks In Financial
16434 Capital Investment Decisions (A) Economics (A)
Prereq.: 15.415
G (1, 2)
3-0-
Theory and practice of capital Investment de-
cisions. Approaches to estimating risk and ad-
justing for it. Applications of option pricing and
new approaches to valuation. Forecasting,
mergers, OR and planning models, public In-
vestment decisions.
R. S. Ruback, C-F. Huang

15.436 Corporate Financing Decisions (A)
Prereq.: 15.415
0(1)
3-"-
Theory and practice of corporate financing de-
cislons. Empirical work on debt and dIvidend
policy; agency cost and signaling models; Is-
sue procedures and Investment banking; leas-
ing, project financing, convertible securities.
S. C. Myers

15.436 International Managerial Finance (A)
Prereq.: 15.012, 15.415
G0(1)
3-0-6
Examines factors which distinguish Intema-
tional from domestic setting Including volatile
currencies, differing fiscal regimes, segmented
and distorted capital markets, and cross-bor-
der risks. Analyzes implications for valuation
theory and applications including Investment
and financing decisions, financial logistics, for-
eign exchange risk management, and perfor-
mance measurement. Primarily for students
concentrating in finance. Credit not given for
both 15.436 and 15.419.
D. R. Lessard

15.437 Options and Futures Markets (A)

Prereq.: 15.415
G (1, 2)
3-0-6

Develops option pricing theory. Applies theory
to valuation of put and call options, loan guar-
antees, and corporate liabilities. Empirical
tests of the models and Investment strategies.
Futures markets emphasizing financial futures
and their uses.
J. C. Cox

(Same subject as 14.490J)
Prereq.: 15.415

S(1, 2)
3-0-6
Surveys theory and current research in finan-
cial economics. Primarily for doctoral students
in finance, economics, and accounting. Re-
views continuous-time asset pricing models,
contingent claims valuation, empirical work on
capital asset pricing and market efficiency,
and new developments in the theory of corpo-
rate investment and financing decisions.
C-F. Huang

15.441 Research Seminar In Finance (A)
Prereq.: 15.415
G (1, 2)
3-0-6

Presentation and analysis of original research
In finance. For Sloan School doctoral candi-
dates in finance. Others admitted only by per-
mission of Instructor.
F. Modigiani

15.44 Special Seminar in Finance (A)

Prereq.: 15.410 or 15.412 or 15.415
G (1, 2)
Arr.
Opportunity for group study by graduate stu-
dents on current topics related to finance not
otherwise included In curriculum.
S. C. Myers

UYTTITT" =AL

15.501 Financial and Cost Accounting
Prereq.: -
U (1, 2)
3-"4
Introduces basic concepts and techniques of
collecting, processing arid reporting financial
Information generated by a business. Empha-
sizes basic financial and cost accounting con-
cepts, and methods of financial analysis.
Examines financial goal structures and deci-
sion-making processes which give rise to In-
formation needs.
P. C. O'Brien

15.511 Financial and Management
Accounting
Proreq.: -
G (S)
3-0-6
Studies basic concepts of financial accounting
and the accounting principles underlying finan-
cial statements. Viewpoint is that of the users
of accounting Information (especially man-
agers) rather than the preparer (the accoun-
tant). Emphasizes use of accounting
information in decision making, performance
evaluation, and control In organizations. Re-
stricted to Sloan Fellows.
J. M. MoInnes

15.515 Accounting and Finance I

Prereq.: -
G (1)
3-0-6
Introduces basic concepts and techniques of
collecting, processing and reporting financial
Information generated by a business. Exam-
ines financial goal structures and decision-
making processes which give rise to Informa-
tion needs. Introduces methods of financial
analyses, with goal of enabling students to un-
derstand, and use, corporate financial state-
ments. Restricted to Sloan School of
Management graduate students.
P. Healy, S. Krishnamurthi

15.516 Financial and Cost Accounting
(A except XV)

Prereq.: Permission of instructor
G (1, 2)
3-0-6
Meets with 15.501. Term paper required.
P. C. O'Brien

15.521 Management Accounting and
Control (A)

Prereq.: 15.501 or 15.511 or 15.515 or 15.516
G (1, 2)
3-0-6

Examines management accounting and re-
lated analytical methodologies for decision
making and control in profit-directed organiza-
tions. Budgetary control systems for planning,
coordinating, and monitoring the performance
of a business and its functional components;
methods for controlling capital expenditures
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and ospital funds. Prinalplem of mea-

mennt. framework for assessing
behavioral dimensions of control system de-
sign; Impact of different manageria styles on
motivation and performance In an
organization.
R. T. S. R&mksnanW

15.525 Corporate Finanoel Accounting (A)
Prereq.: 15.501 or 15.511 or 15.515 or 15.516
0(1,2)
344
Examinadon of corporate financial accounting
poicy, fundamental Issues and emerging slifs
in the financial accounting area. Advanced
analysis and interpretation of financial state-
ments and pronouncements of various agen-
des conoemed with financl accounting
(FASO, SEC, etc.).
8. Kfehnamurthl

15.632 Planning and Control Systems (A)
Prereq.: 15.501 or 15.515 or 15.516
G (2)
3-0-6

Development of a framework for analyzing an
organization and its environment to provide
basis for designing Information systems and
procedures to support the management of
strateglo development and operating perfor-
mance. Goal formation and direction setting,
long-range planning, budgetin and monitoring
systems. Design of responsibity accounting
systems In relation to strategy; problems of
muli-dImensional measurement. Coordination
of responsibility centers, and transfer pricing
mechanisms. Cn of 15.521 relevant but
not required.
Information: R. T. S. Ramakrishnan

16.0 Spcial Seminar In Accounting,
Planning, and Control (A)
Prereq.: 15.515
0(1,2)
Arr.
Opportunity for group study by graduate stu-
dents on current topics related to accoundn,
planning, and control not otherwise Incd in
curriculum.
P. Healy

15.549 Workshop In Accounting
and Contl
Pree.: Permission of Instructor
0 (1, 2)
Arr.
Presentatons by faculty, doctoral students and
fusst speaker* of ongoing research con-
cemed with current issues In financial and
managerial accounting, and in planning and
control systems in organizations; Topics: re-
pors of research projects, proposed or In
progress, and discussions of recent literature
In the area. Selects specific topics geared to
interests of participants. Primarily for doctoral
students.
P. Hely

Management Information
Systems

15.600 DecIsion Support Systems I
Prereq.: Prereq.: -
0 (1)
2-0-4
introductory concepts In computer hardware,
software, and management information sys-
tems. Familiarization with and use of computer
resources and software avaiable at MIT which
may be useful In subsequent , re-
search, or thesis work. R dto graduate
students In Sloan School of Management.
M. E. Treaoy, T. W MSAone

15.662 Prinolple of Manageent
Information Systems (A)
Prereq.: 1.00 or 2.10 or 15.560
G (1, 2)
3-0

Introductory examination of Issues related to
effective use of computer-based Informadon
systems in organizations. Topics: technology
(computer sysems and databases); frame-
works for analyzing nued for Information sys-
tems; designing and implementing systems for
effective use; management of the Information
system life yole. Represents a condensation
of 15.564, 15.565, and 15.566; credit not
given for both 15.562 and 15.568. Umited
enrollment.
J. A. MoIdman, H-M. D. Toong

15.664 Management Information
Technology I (A)
Prereq.: 1.00 or 2.10 or 15.560
G(1,2)
4-0

Introduces puinoiples of computer systems and
computer systems programming. Emphasizes
program planning and organization. Topics:
machine language, assemblers, compilers,
and operating systems. Algorithms presented
for transladon from programming languages to
machine languages, table processing, search-
ing, sorting, and storage management. Re-
quires students to prepare and test several
programs w In System/370 Assembly
LannuAGe and PL/l.

Madn ak, R. Davis

15.65 MInfonnatlon
Teshnology 1(A)
Prereq.: 15.564
G (1, 2)
3-0

Provides background in and a framework for
Integratin the concepts essntial to analys
and d mt of computer-based informa-
tion systems: data management software
techniques, computer-based design aids and
concepts relevant to managing inomaon as
a corporate asset. Develops students under-

standing of computer tchnology to weble fs
use in new and creative way inan organit-
don. Disousse examplesofte Implementa-
tion end use of actual management
informadon systems.
J. C. Henderson, 8. E. Madnik

15.666 Management Information
Systems (A)
Prsreq.: 16.584, 15.66
G (1, 2)
3-0

Concepta, frameworks, toois, te cques, and
processes which assist management in its in-
teraction with and direction of computer-based
Information systems tday. Dieuses maf
transaction prooesng systems of the firm as
well as thoe system used primarily for man-
agrial Informaion. Emphsie managerial
point Of view and organizatlonal Issues in-
volved In managing a firm's information re-
sources. Credit not given for both 15.562 and
15.566.
J. F. Rockart, T. W Malone

ISN Advanced Deolslon Support
Systems (A)
Prereq.: 15.562 or 15.566
G (1, 2)
3-0
Focus on Issuse end techniques involved In
development of computer-based systems de-
signed to support managers decision-maldng
and problem-solvig processes. Topics: as-
sesment of the technology avallable; devel-
opment of frameworks and techniques with
which to analyze n organize key decisions
and a manges declslon-maldng procees;
and deouselon of the design and Implements-
on Of such systems In on-golng lanina

tions. Lectures, cases, projects, analysi
of existing decision support systems.
M. E. Treacy

15.571 Advanced Computer Syslems (A)
Prereq.: 15.564
G (2)
3-0

Opera systems and their Interface to var-
S ohardware an softwre. System

hitecurM, nw technolgies, an opratg
sysmSM sOvMM (strage processors, data
mnagemet, ad VO supervIsion). Other top
Ie: virtual machines, multiprocessor systems,
perforMance measurement, dat security. OW
cuNes mirosystems and psonal ntrad-
tional mainframe systems. Assumes
knowledge of Assembler Lanuag program-
ming. Requires class participation and
readings,
R A. Mfonnon

k. - --- j
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ISM Systems Smulation (A)
Prersq.: 15.061, 15.560
G(g)
34
introduces discroee simulation and model

betdig ethdoog uing highsed digital
copuer. ocsnevetoietdas op-Nd

posed to continuous systems. Emphasizes
almulation language and model bulding. Con-
eldere lsues of proper experimental design,
statitial analysis of resuits, effects of random
number generation techniques and vaidation.
Some dicuseion of typical apploations. Infor-
mation: S. E. Madnick.

16.7 Spec eminar In Management
Systems (A)

Prersq.: 15.564
0(1,2)
Ar.
Opportunity forgroup study by graut stu-
dent on current topics related to managemenrt
information systems not othene Included In
curriculum.
S. E Mads*

15.G81 Information Sysieme and Law (A)
Prersq.: Permission of instructor
G (2)
3-0-
Examines interocldng technological and isgal
issues that aie in the operation of computer-
based information systems in society. Empha-
szes, in class discussions and in term proj-
oft, interdisciplinary deflnion, analysle, and
solution of specifi problems. Contnuing effort
toward improving and integratng technical, so-
cidi, and isgal concepts of information. Topics:
serity and privacy in dat n, computer
Infrnemn Of ocpyrlght protection Of pro-
pretr riht In software, jurimetrios.
J. A Meidmm

1MW Worksho In Mne~ent
intween OWyseme
Prereq.: Permission of Instructor
G(1,2)
Arr.
Presentations by faculy, doctoral students and
guest speakes of ongoing researoh con-
comed with current iseues in management in-
formaIon systems as we as dicussions of
key rose"h papers in the feld. Determines
pecdfic topics by the interest of participants

and by new and important directions in infor-
matI systms. Bakgound readns and
ae priipation by student expeoed. Pd-
marliy for door students.

.E Mdaicr M. E. Trepy

Law

16.001 The American Legal System
Prereq.: 14.02 or 15.001 or 15.012
U (1) HASS
3-0

Meets with 15.611.
J. A Meidrun

15.611 The American Legal System (A)
Prsreq.: Prereq.: 14.02 or 15.001 or 15.012
G(1)
3-0
Geneal Intensive introduction to law and the
American legal system. Analya components
and operation of the isal procees In context
Of spef p . Examines judicial
reasoning and development of ea doctrine.
Topics: torts, contracts, criminal and consitu-
donal law, trial procedure and evidence, ad-
ministratve law, scoops of the judicial process,
and the relationships between stats and Fed-
eral low. Extensive reading of oe law to-

with textual mablais and gal aays.
Re rh projects invoMng use of a law
library.
J. A. Menan

15.612 Buinees and the Law
Prereq.: -
G (2)
3-0-6

Emphasizee current isgal problems of conoem
to the busines executive. Analyze tort, con-
tr product fiebtt, antitrust aspects of
marketin, and case penin before te Su-
preme Court. Atention to the Impact on man-
agers of actions by administrative agencies
such as the NLRB, FTC, and EPA; the proce-
dural requirements that govem their rule mak-
ing; and the role of courts in resoling
disputes between govemment and business.
G. F. Bloom

1.n Government Negulation In the
Workplace (A)
Prereq.: 14.01 or 15.012
G (2)
3-0
Publio poliy on employment reladonship and
operation of labor market. Toplos: employee
wages, beneft, and pensions; employee
health and safety; equal employment opportu-
nity and afrmative acton; due prooems in tsr-

rentionship. collecive
and administraton of bgMning

agreeent; social knurac progNm; Min-
power tralning and developnnt programs.
Consiers legal, political, and sociological per-
spectives on thwe Issues.
K. 0. Abraham

111411aQ h Lw for to dem

Prereq.: Permiion of Instruclor
G(1)
344
Examine isga and et~a obligations that
ares between the idvidua employee, man-
ager, oier, director), the corporagon, and the
world. Seminar covers the formaton and sgal
organIzaon of various types of businesses,
with particular emphasis on corporations; obi-
gatios of orporaton to outside world based
on the aZies of Ite employees, managers
and owners; obigaton. of IndMduals wrving
in ONce ospacites to corporaton and outside
world; corporate securities; and regulation of
corporate ownership and control.

1MM Itoterational Law and RegulAtory
Order (A)
Prerq.: Permission of nstructor
G (2)

Jurisdiction, soures, and nature of Intena-
donal law. emues beso to private -sotor man-
agsrs including intemational economic law,
exenslon of US domeado regulatory polices
beyond US territory, and the problems of ob-
tnn -creency angnon' regulaion
of transborder businees. Emergence of Inter-
national regulaton of transportaton, communi-
cation, trade, ocean use, finance, food and
health standards, and multinational

1MW SemInar on Governmsntueines
RItions (A)
Prrq.: Permission of Instructor
0 (2)
3-0-6

Emphasizes process through which law is
made at congressional, executive, and admin-
letragve agency lavels and defines key polnt
at which buelness executives can shape leg-
laon and poliy. Discusses ways to resolve
conficts between govemment and businees.
Weeldy seslons dMded belvuen outlside
speakters from both esotors and classroom
mateials and discussonr. Requires term
pape-
J. 0. Nowt G. F. aBon

11.4 Speolsi Seminar In Law (A)
Prereq.: 15.801 or 15.611

(1, 2)

Opportunity for grup study by graduate slu-
dents on current topics relied to law not olh-
erwis included in curriculum.
J. D. ~yhad
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Industrial Relations
and Human Resource
Management

15660 induWldil Reistione and Human
R esur -
Prereq.: -
G(2)
2-0-4
1MR62 Inutrle Relatione and Human
Resource Management (A)
Prsreq.: 15.511
0(1)
3-0
11.60 Conestve lergaining and
mploymt Poeles

Prereq.: -

G(1)
3-0-6
Introduces Industrial relatons and human re-
source management at level of t firm. Ex-
plore role of firm In Its larger Industrial
relsons systems. Examines effects of the en-
vironment on human resource management
strategies. Assesses strategies against their
effeos on the firm, its employees, labor orge-
nizations, and pubic policies. Uses collective
bargaining game to demonstrate dynamics of
negotialions and conflict resolutions. 15.660
restriefd to Sloan School of Management
ad"" students. 15.662 restricted to Sloan

.WCoverage in 15.662 and 15.663
deeper and more exlenalve.
15.660: T. A Kochan
15.662: R. B. McKerale
15.663: T. A. KochN

I.AnMe m of Human

Prereq.: 15.301 or 15.663
Q(2)
2-0-7
Seminar emphaszing managerial reeponsibill-
ties and policies in the effective utilation of
people In organlzatlons. Topics: managers and
their personnel concepts, management organi.
zWAton for personnel! administraton, organiza-
tion planning and management development,
mawer planning and -esne budgets,
reoniltment arid selection, promotion and
tranfer, training, -fm appra e, died-
pine, managing change, and wage and salary
adcinletraicn. Field research on selectd
problems.
L A. Lynoh

15.6 6 Powr ad Negotiation (A)
Prereq.: 15.663

3.0.
Provides understanding of the theory and pro-
ceses of negotiation as practiced in a variety
of setings. Deelgned for relevance to the
broad spectrum of bargaining problems faced
by the manager and professlonal. Allows stu-
dents opportunity to develop negotiation aldlis
experientially and to understand negotiation in
useful analytica frameworks. Emphasizes sm-
ulations, exercises, role playing, and cases.
R. B. MoKIerse, M. P. Rom

15.671J Labor Economics I (A)
(Same subject as 14.671J)
Prereq.: 14.64 or 15.663
G (2)
3-0-6
See description under subject 14.671J.
M. J. Plore

15.672J Labor Economics 11 (A)
(Same subject as 14.672J)
Prereq.: 14.04
G(1)
3-0-6

See description under subject 14.672J.
H. S. Farber, R. Gibbon'

1.673J Labor and Public Policy (A)

(Same subject as 14.673J)
Prereq.: 14.64
G (2)
3-0-6

See description under subject 14.673J.
H. S. Farber

15.674J Comparative Systems of Industrial
Relations and Human Resouros
Development (A)
(Same subject as 14.674J, STS 512J)
Prereq.: 14.64 or 15.663
G(1)
344-

International and comparative analysis of in-
dustrial relations system and systems of hu-
man resource development. Concentrates on
an examination of selected Issues Involvng
the nature and functions of labor and manage-
ment organization In different contexts; role of
the state In estabiehing procedures and in
shaping the substance of irial relations;
manpower and economic growth in the context
of comparative systems of human resource
development; worker participation In manage-
ment and other topics.
U. J. PAor

by economiets, historians, soolologists, py-
chologlfts, And lega echolas from the lar
1Oth century to te present. Final portion ex.
plore straegie for advancing research on
topics of curent interest to particpants.
T. A. Koohan

16.0011J Research Semnar in Indusile
Relations (A)
(Same Subject as 14.691J)
Prreq.: 15.671J or 15.672J
30-)
3-4
15.602 Reeseroh Seminar in industrial
Relations (A)
(Same subject as 14.62J)
Prereq.: 15.691J)
G (2)
3-6

Discusses important areas for reesarch in in-
dustrial relations, frameworks for research, re-
search techniques, and metodologlcal
problems. Centered mainly on sa research
and the thesis research of advanced graduate
students and invited guests. informaton: R. B.
MoKarsis

15-6.6 Speolsi Seminar In industrial
Relations (A)
Prereq.: 15.660 or 15.662 or 15.663
G(1,2)
Arr.

Opportunity for group study by graduate stu-
dents on current topics related to Industrial re-
lations and human resource management not
otherwise Included In curriculum.
T. A. Kochan

15.676 IndustrIal Relations Theory and
Research Seminar (A)
Prereq.: Permission of Instructor
G(2)
2-0-7

Historical evolution and aseesament of re-
search in industrial relations. Introduces doc-
toral students to the field and explores where
their research interests fit within the broader
lied. First part compares the normative as-

sumptions, theories, and methodologies used
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Operations Management

160 introduction to Operations
Mmngemnrt
Prereq.: 15.061, 15.062
G (2)
2-0-4

15.761 Operations Management (A)
Prereq.: 15.053 or 15.062, 6.041 or 15.061
G (2)
3-0-6

introduces students to problems and analysis
related to the design, planning, control, and
Improvement of manufacturing and service op-
erations. Includes: process analysis, project
analysis, orcasting, materials management,
producton planning and scheduling, quality
management, computer-alded manufacturing
technologies, capacity and facIlities planning,
and operations strategy. 15.760 restricted to
graduate students In Sloan School of Manage-
ment. Coverage Is deeper and more extensive
in 15.761.
G. R. Btran, L. L, S. C. Graves,
C. H. Fine

15-76 The Practice of Operations
Manegement (A)
Prersq.: 15.760 or 15.761
G0(1)
3-6
Provides an opportunity to loam how to diag-
nos complex problems, structure relevant so-
lutions to them, and deal with Issues of
Implementing the solutions. Case analyses
and projects in local manufacturing and ser-
vice organizations extend understanding of
and ability to deal with operating management
situations. Emphasizes integrative approach
using methodologies drawn from operations
research, management information systems,
and o design.
S. C. draves,

15.764 The Theory of Operations
Management (A)
Prereq.: 15.081J, 6.431, 15.761
O (2)
3-6

Focus on theoretical work for studying opera-
tions planning and control problems. Topics:
inventory theory, sequencing theory, aggre-
gate production planning, production schedul-
ing, large-scale systen methodology,
decomposition theory, and aggregation meth-
ods. Research on heuristic methods.
S. C. Graves

15.716 The Operang Mnaer (A)
Prereq.: Permission of Instructor
G(2)
3-0-

Develops operating skills of a manager
through cas analyses and discussions.
Cam drawn primarily from manufacturing sit-
uatlons and designed to Improve the manag-
er' ability to analyze an operating situation,
denne the operating task, and accomplish that
task. Primary emphasis Is on accomplishment
- policy implementation, changes In opera-
tions, etc. Consult: 0. R. Sitran

15.767 Industrial Project Evaluation (A)
Prereq.: Permission of Instructor
G (2)
3-0-6
Subject organized to familiaize student with
methodologies and applications related to
Project Evaluation. Several actual Industrial
and governmental projects analyzed. Meth-
odologies related to capital budgeting, cost-
benefit analysis, financial management, stra-
tegic planning, and operations management
covered. Consult: 0. R. Bitran

15.766 Operations Management In the
Servioe industry (A)
Prereq.: Permission of Instructor
G(1)
3-6

Explores the difference between service and
manufacturing operations, and the degree of
distinct management skills and tools required.
Analyzes case selected from variety of w-
vice operations. Guest speakers from specific
service industries discuss essence of manag-
Ing those operations.
0. R. Bitrmn

15.76 Seminar In Operations
Management (A)
Prereq.: 15.760 or 15.761
G(1,2)
3-6

Topics vary from year to year. Typical exam-
ples from past years: manufacturing strategy,
managing quality control.
C. H. Fine

15.M6 Workshop in Operations
Management
Prereq.: Permission of Instructor
G (1, 2)
Arr.

Presentado by facly, doctoral students and
guest speakers of ongoing research con-
coned with current issues in operations man-
agement. Topics; reports of research projects,
proposed or in progrees, and informal discus-
sions of recent literature dealing with subjects
of special interest to participants. Primarily for
doctoral students. Consult: S. C. Graves

Marketing

15.810 Introduction to Marketing
Prereq.: 15.061, 15.062
G (2)
2-0-4

Introduces concepts, challenges, and sampling
of techniques necessary to manage the mar-
keting function. Topics: marketing research,
consumer behavior, new product development,
advertising, strategy, promotion, personal sell-
ing, distribution, and pricing. Lectures, guest
speakers. Problem assignments or cases. Re-
stricted to graduate students In Sloan School
of Management. Others see 15.812.
L. Mcauter, D. L. Marino

15.6811 Marketing (A)

Prereq.: 15.071, 15.511
G (1)
3-6

Analyzes elements of marketing strategy
which can be utilized by business, govern-
nental, and social organizations to met
needs of their clentele. Topics: product devel-
opment, advertising, selling, and pricing. Re
views contributions of management science in
providing new techniques for soluion of mar-
keting problems. Restricted to Sloan Fellows.
S. H. Star

15.612 Marketing Management (A)
Prereq.: 15.061 or 6.041 or 14.30 or 18.05
G (1)
3-6

Similar content to 15.810 but coverage is
deeper and more extensive.
J. R. Hauser

15.620 Advanced Marketing
Management (A)
(New)
Prereq.: 15.810 or 15.812
G (2)
2-0-4

Concentrates on marketing strategy. Lectures,
case studies, and team patiolpation in mar-
ketng strategy game. Primarily for Sloan
School of Management graduate students;
others admitted by permission of instructor.
D. L. Marlino

15.824 MIarketing Communications (A)
Prereq.: 15.810 or 15.812
G (1)
3-0-6

Focus on management problems that arise
when attempting to communicate with and in-
fluence a market or other public in an organi-
zation's environment through advertising and
related mass media and promotion cam-
paigns. Lectures, case discussions, projects.
0. L. Martino
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1U, Morkiftng Mel (A)
Prereq.: Permission of Instructor
G(1)
3-0-
Baslo modeling approaches. Models for spe-
cif decision areas: price, promotion, advertIs-
ing, distribution, and sales force. Integrative
models; the marketing mix, new products. Em-
phasizes decision support systems.
J. D. C. LOe

11,M Industrial Marketing (A)
Prereq.: 15.810 or 15.812
G (2)
3-0-
Focus on marketing goods and services to or-
ganizations for resale to other Industrial cus-
tomers or for use In the goods and servics
they, in turn, produce. Literature on organiza-
tional buying behavior provides the foundation
of the subject. Toplcs: industrial marketing
analysis, product planning, distribution and
channel decisions, promotion and advertising,
sales force decisions. Emphasizes using
models and research results to solve Industrial
marketing problems. Lectures, case discus-
slons, research project. Information: 0. L.
Urban

15.121 New Product Development (A)
Prere.: 15.810 or 15.812
0G(2)
3-0-6
Identifles new market opportunities. Designs
"core benefits" of a new product having high
potential. Designs physical product and mar-
keting mix to fulfill the "core benefits." Testin,
launching, and managing the new product.
Develops theory, measurement, and models to
manage this process. Requires term project.
J. R. Hauser

1632 Measurement for Management (A)
Prereq.: 15.061
G(2)
3-0-

Focus on methods for ooilecting and analyzing
behavioral data applicable to a vaftt of mea.
eurement problems in management. march
and sampling design. Develops question-
naires, ecalng and psychometric methods for
measuring perceptions, attitudes, and prefer-
enoes. Statistical techniques for analyzing
these types of data.
F. Kardwe

16,834 Marketing Strategy (A)
Prereq.: 15.810 or 15.812
G (2)
3-06
Examines marketing aspects of strategy for-
muladon. Studies market phenomena that are
foundadons of strategy. Analyzes manage-
ment science models for brand, product line,
strategic business unit, and corporato market-
ing strategy. Lectures, cases, guest speakers.
Requires term project.
G. L. Urban

15.66 Msn Consuner and ?rade

Prereq.: 15.810 or 15.812
G (1)
3-0-6
Focus on problems that adse In allocating,
evaluating, and managing expenditures for
promotional Inducements, Including coupons,
premiums, rebates, price-off packs, special of-
fers to retalers, short-term price reductions.
Lectures, discussions, projects.
L. MoAllsfer

15.M Research Seminar In Marketing (A)
Prereq.: 15.810 or 15.812
G (1, 2)
3-0-
Seminar on current marketing literature and
current research Interests of faculty and stu-
dents. Topics such as the theory of consumer
behavior, competitive strategy, marketing ex-
permentation, and the development of behav-
loral models. Information: 0. L. Urban

15.131 Workshop in Marketing
Prereq.: Permission of Instructor
G (1, 2)
Arr.
Presentations by faculty, doctoral students and
guest speakers of ongoing research con-
cOmed with current Issues In marketing. Top.
Ice: 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
students.
J. R. Hauser

System Dynamics

15.162 Prinulples of Dynamic Systems I
Prereq.: -
U (1, 2) SD
3-0-9
15.67 Prlnoiplse of Dynamic Systems I (A)
Prereq.: Permission of Instructor

(1, 2)
3-0-9

Inwoduces principles for modeling dynamic so-
cial and Industrial systems. Emphasizes build-
Ing Intuitive understanding of feedback
structures underlying growth, stagnation, and
cyclical fluctuation. Focus on system dynanics
as one appmach to understanding behavioral
characteristics of complex systems. Student
exercises treat feedback system behavior,
reasons for shifting modes of behavior, and
model formulation. Modeling assignments iI-
lustrate applicabllty of basic concepts to bIo-
logical, economic, ecological, Industrial, and
urban systems. Tutorial session arranged for
15.852.
J. D. Sterman

15.873 Principles of Dynamic Systems U (A)
Prereq.: 15.872
G (2)
3-0-9

Continues philosophy and methods of 15.872
with purpose of expanding student's ability to
analyze behavior arising from complex dy-
namic feedback systems. Topics: translating
qualitative observations on real systems Into
quantitative models; methods for relating sys-
tem structure to system behavior; common er-
rors In model constructon and policy design.
J. D. Storman

1&674 System Dynamics for Buelness
Policy (A)
Prereq.: Permission of Instructor
G(1)
3-0-9
Introduces modeling of corporate and Indus-
trial systems. Examines separate functional
areas of production planning, labor manage-
ment, capital Investment, marketing, finance
and accounerg;. Functional area models
placed togethir to analyze the cause of such
corporate prol4ems as production and employ-
ment metability, loss of market share, unstable
market growth, and declining profitability. De-
velops skis in portraying complex managerial
systems, and deriving understanding through
quantitative modeling and computer
simulation.
J. D. Sterman
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Preq.: 15.872 or 15.874
G (2)
3-0
Project-based subject applying methods of
system dynamics to real corporate probilms.
Class divided Into groups that act as consul-
tants to lbcal corporations. Meetings with
corporate managers and staff to obtain Infor-
maton for model construction; instructor pro-
vides advice and guidance on model
formulation and testing. Final report on work
done and recommendations.
J. 0. Storman

16.878 Economic Dynamics (A)
Prereq.: 15.872
G (1)
3-0-6

Introduces system dynamics modeling of eco-
nomic systems focusing on simple generic
structures identified in the System Dynamics
National Project. Combines lectures, exer-
cines, and a term project on subject of stu-
dent's choice. Topics: economic cycles;
Inflation and unemployment; capital investment
and monetary policy; energy-economy interac-
tion; and the economic long wave.
J. 0. Storman, P. M. Sw

15.879 Seminar In System Dynamics Policy
Analysis (A)

Prereq.: 15.872
G (1, 2)
3-0-6

Research seminar focusing on development of
student projects to illuminate important as-
pects of policy analysis. Each exercise de-
signed to give students direct experience with
some problem In policy analysis and the is-
sues involved in resolving or handling that
problem. Topics vary from year to year. Typi-
cal examples from past years: problems in de-
signing policies based on forecasts, problems
with use of leading and lagging indicators on
policy Inputs, economic policy, energy policy.
P. M. Senge, J. D. Strman

Corporate Strategy and Policy urn a-oate strtegy nd
Structue (A)
Prereq.: 15.930 or 15.931
G (1)
3-0-6

16.30 Strategic Management
Prereq.: -
G (1, 2)
2-0-4

15.931 Strategic Management (A)
Prereq.: 15.011, 15.311, 15.515
G (1, 2)
3-0-6
Deals with approaches to strategic manage
ment problems affecting all facets of the enter-
prise. Discussions, cases, field studies, and
readings trace strategy practice, methodology,
and theory. Focus on both strategic formula-
tion and implementation. 15.930 useful as a
broad introduction to the corporate strategy
field and is restricted to Sloan School of Man-
agement graduate students. Coverage Is
deeper and more extensive in 15.931.
15.930: A. C. Hax, M. HonWtch, M. S. Scott
Morton, N. Venkatraman
15.931: A. C. HAx

15.932 Technology Strategy (A)

Prereq.: Permission of instructor
G(1)
3-0-6

Considers key aspects of the emerging tech-
nology-strategy relationship in the large corpo-
ration from different perspectives, including the
Individual firm, an entire Industry, the industrial
policy of a nation, cross-country comparisons,
and cross-industry comparisons. Uses con-
ceptual readings, empirical studies, case stud-
lee, student field studies, and invited outside
speakers.
M. Horwitch

15.933 Advanced Strategic Management (A)
(RevIsed Content)

Prereq.: 15.930 or 15.931
G (1)
3-0-6
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.
A. C. HAx, M. Horwltch

15.934 Research Seminar In Corporate
Strategy (A)

Prereq.: 15.930 or 15.931
G (1, 2)
3-0-6

Seminar built around published theoretical and
empirical research in corporate strategy. Stu-
dents share leadership of seminar using jour-
nal 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.
N. Venketramen

Uses framework and methodology of 15.931
to analyze the strategic decisions facing in-
dustries and the firms within such Industries.
Combines lectures and student rosearch pre-
sentations on such issues as determinants
and consequences of Industry structure, firm
characteristics, Innovation organIzaton struc-
tures, and diversification. Information: M.
Horwitch

15.936 Applied Corporete Analyss (A)
Prereq.: 15.412 or 15.415, 15.761, 15.812
G (1)
3-0-6

Provides practice in identifying important man-
agement issues, maldng reasoned judgments
about priorities, and defending choice of is-
sues and priorities. Students assume various
roles as managers, analysts, and board mem-
bers in class sessions simulating top manage-
ment and board meetings. Visits to operating
and corporate executives. Umited to 20.
W F. Pounds

15.937J Eoonomics of Ocean
Transportation (A)
(Same subject as 13.661J)
Prereq.: 14.120 or 15.012
G (2)
3-0-6

See description under subject 13.661J.
Z. S. Zannetos, H. N. Psaralfis

15.938 Strategy and Sooity (A)
(Now)
Prereq.: 15.930 or 15.931
G (1)
3-0

Examines the Importance of societal context
for strategic decision maldng at top and middle
management levels. Issues presented: firm re-
lations with local communities and local/na-
tional govemment, personnel flows among
firms, interlocldng board memberships, exis-
tence of managerial class, historical and cul-
tural determinants of managerial ideologies,
and the exercise of propaganda. Information:
M. Horwitch

16.939 Advanced Topics in Policy and
Strategy (A)
Prereq.: 15.930 or 15.931
G(1, 2)
Arr.
Directed research and study of advanced top-
Ice in corporate policy and strategy as well as
public policy relating to the private sector. Pri-
marily for doctoral students in Management;
others admitted by permission of Instructor. In-
formation: N. Venkatraman
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1L41 Mmug'qgUOs Deveopwm
Nert (A)

Prsrsq.: 11.431 or 15.410 or 16.412 or 15.415

Case studies presented by experienced real
estate devellopors provide insighs into man-
agers' operational concens such as schedul-
Ing, cost control, and motivation of personnel,
as weln as top management issues such as
strategy, organlzaton, and corporate culture.
Demonstrates how effectiwe management
must integrate many ldis Including financing,
I , and construction.
G. F. &DOM

Special Studies

15.061 Special Studies in Management
Prereq.: -
U (1, 2)
Arr.
Special tutoial arrangement with a faculty
member for guided reading, research, labora-
tory, or teaching experience.
J. A. Mokman

15.01 Specal Studies In Management (A)
Proreq.: -
G (1, 2)
Arr.

For graduate students who desire to do ad-
vanced work or to cany out some special in-
voedgatIon of a management problem not
specifically covered elsewhere and not qualify-
ing as a thesis. Readings, conferences, labo-
ratory and fieldwork, and reports. Consult
Department headquarters.

15.962-1.9OS9 Spocl Seminars In
Management (A)
Prerq.: -
G (1, 2)
Arr.

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.: -
G (1)
2-0-1

Investigates effective management through in-
formal meetings with executives representing
a range of Industries and functions in both
public and private sectors. Examines manage-
dal philosophies, practical problems of man-
agement, personal career paths, enabling
students to develop skil in careful listening
and the art of asking questions. Restricted to
Sloan School of Management graduate stu-
dents. Information: J. D. C. Lttie.

16.078 Seminar In Management (A)
Prereq.: 15.511
G(1)
3-0-6

Studies fundamental economic, finarwial, or-
ganizational, and administrative relationships
analyzed and discussed by experienced lead-
ers In business, labor, and public administra-
tion. Examines managerial philosophits and
practices In the field and In seminar discus-
slons. Restricted to Sloan Fellows.
A. F. 1thte
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Aeronautics and
Astronautics

10UR Undergraduate Research

oeq -
U (1, 2)
Ar, .

Undergraduate research opportunities In Aero-
nautics and Astronautics. For further Informa-
tion contact Departmental Coordinator:
E. A. Witmer

16.001 Unified Engineering I

Prereq.: 8.01, 18.03
U (1) SD
5-2-5

16.002 Unified Engineering 1i

Prereq.: 8.01, 18.03
U (1)
5-2-5

16.001: Requires simultaneous registration
with 16.002. 16,002: Presents principles and
methods of engineering in a format of lecture,
recitation, and design. Basic disciplines pre-
sented with the unifying themes: forces and
their Interaction with solids and fluids; energy
and energy transfer; systems control and in-
formation handling. Topics: mechanics of sol-
Ida and fluids, forces, stresses, geometry of
motion, conservation of mass and momentum,
properties of solids and fluids; principles of
measurement and control; temperature, ther-
modynamic properties and states. First Law of
thermodynamics; conservation of energy. Ap-
plications Include: particle dynamics, stress
and strain In simple structures; low speed
flow; lift, drag, and thrust; loads and design
orteria in aerospace systems. Laboratory ex-
posure to empirical methods In engineering; 11-
lustration of principles and practice. Design of
a typical aircraft or spacecraft element. Pro-
vides a sound basis for a wide variety of ca.
reers in engineering.
E. M. Grhter, M.Martlner-Sanchez,
J. E McCune, H. Y. Wachman, E. A. Witmer

16.003 Unified Engineering il
Prereq.: 16.001, 16.002
U (2)
5-2-5

16.004 UnIfied Engineering IV
Prereq.: 16.001, 16.002
U (2)
5-2-5

16.003: Requires simultaneous registration
with 16.004. 16.004: Presents sound, basic
concepts, principles, and methods of engi-
neering, emphasizing unified presentation of
disciplines, by application to high-technology
devices and aerospace systems. Topics: dy-
namics of rigid and deformable bodies; center

of mass, rigid body motion, Inertia tensor;
Second Law of thermodynamics, entropy, Ir-
reversibility; high-speed flow, shock waves,
stresses in fluids, heat transfer; interactlon be-
tween component devices, signal flow, feed-
back and stability In control. Applications
Include: strain energy and principles in struc-
tural p' 4lyrls, failure modes In structures,
fractt.., fatigue, plasticity; beams, plates,
shafts; airfoil theory, flow over bodies, channel
flow, boundary layers; thermal cycles, chemi-
cal-to-thermal conversion, aircraft and rocket
engines. Techniques presented for analysis
and optimization of systems. Experiments In:
mechanics, strength of materials, subsonic
and supersonic flow, rockets and turbomachi-
nery; system dynamics and control, analog
simulation of control system. Design and eval-
uation of an aircraft or spacecraft component.
A. L. ElIas, E. M. Oreltrer, A. R. Odoni,
M. Marilner-Sancher, J. E. McCune, H. Y.
Wachman, E. A. Witomer

16.005 Introduction to Aerospace
Engineering
Prereq.: -
U (2)
3-1-5

Presents broad view of steps involved In de-
veloping aerospace systems from preliminary
design to production. Drafting techniques,
weight estimation, aerodynamic analysis, con-
trol, structural design, cost estimating, manu-
facturing processes, certification, and service
engineering discussed In the context of an
aerospace vehicle which each student de-
signs. Recommended for freshmen.
N. D. Ham, D. L. Akin, J. Ougundl

16.006 Computer Models of Physical and
Engineering System
Prereq.: 18.02, 8.01
U (2) SD
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
S. Shyam Sunder

16.02 Aerodynamics

Prereq.: 16.004 or 2.20 or 1.05
U (1, 2)
4-0-8

Kinematics and dynamics of fluids in aerody-
namic applications. Vorticity, circulation, Blot-
Savart induction. Uft, drag, thrust, and the mo-
memtum theorem. Energy conservation.
Boundary layers, skin friction, heat transfer.
Unsteady flow. Supersonic aerodynamics.

Methods of characteristics. Distrbution of sin.
gularitles. Interference and images. Panel
methods. Airfolls, Kutta condition. WIngs, per-
formace, subsonic flow. Turbulence, separa-
tion and stall.
J. E. McCune

16.025 Numerical Fluid
Dynamlos (A)
Prereq.: 16.02 or 16.06, 18.075
G (1)
3-0-9

Modeling and solution of flow field partial dif-
ferential equations by discretization (finite dif-
ference) methods. Physical concepts and
descriptions for vlscous/inviscid, one-/two-
dimensional, steady/unsteady incompressible
and compressible flow. Numerical simulation
topics include accuracy, stability, convergence,
Iterative, and time evolution techniques. Appil-
cations to external and Intemal flows. Com-
puter assignments.
J. R. Baron, M. B. Gles

16.026 Advanced Computational Fluid
Dynamics (A)

Prereq.: 16.025 or 2.274
G (2)
3-0-9

Computational methods for compressible In-
viscid and viscous flow. Potential, Euler, and
Navier-Stokes equations in general nonortho-
gonal, curvilinear coordinates using finite-dif-
ference, finite volume methods. Coordinate
system generation. Draws applications from
Internal and extemal flow problems In asro-
space vehicles. Assignments requiring use of
digital computer.
E. M. Murman, M. 8. Giles

16.028 Special Topics In Computational
Fluid Dynamics (A)
Prereq.: 16.026
G3(1)
1 -0-2

A seminar for students specializing In Compu-
tational Fluid Dynamics. Topics vary with inter-
eats of the class but are drawn from emerging
discretization techniques (finite-volume, spec
tral, vortex methods), boundary condition
treatment, solution methods (direct solvers,
multigrid, Atemating Direction Implicit), ad-
vanced computer architecture, and CFD
applications.
M. B. Giles
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16.011 Fluid Meohenlcs (A)
Prereq.: 16.02 or 16.06, 18.076
G(l)
4-0-8

Prepares students for graduate study in fluid
mechanics and aerodynamics, and some of its
applications In science and engineering. Dis-
cusses the basic concepts of continuous fluid
mechanics, shows how they underlie the prop-
ertles of particular flow fields such as potential
and rotational constant density inviscid and
viscous flows. Shows applications to flow past
airfoils and wings, vortex flows, and some
geophysical flows. Special attention to bound-
ary layers and their transition to turbulence.
Any undergraduate subject in fluid mechanics
or aerodynamics accepted for 16.02.
L . Trilling

16.04 Aerodynamics of Flight Vehicles

Prereq.: 16.02
U (1)
3-1-8

Aerodynamic analysis and computational tech-
niques for flight vehicles building on basic
concepts from 16.02. Laminar and turbulent-
boundary layers. Transition and separation crd-
teris. High-lift wing-flap systems. Subsonic
cruise aerodynamics for wing-body-tall config-
urations. Other examples and topics drawn
from the current and previous years' 16.84 de-
sign projects.
E. M. Murman, M. Drela

16.041 Aerodynamics of Viscous
Fluids - Boundary Layer Approximation (A)

Prereq.: 16.035
G (2)
3-0-9

Boundary layers in viscous compressible heat-
conducting fluids as an approximation to the
solution of exact equations of motion of fluids.
Influence of various dimensionless parameters
on laminar and turbulent aerodynamic flows
and transition. Computational methods used
for aerodynamic predictions including viscous-
Inviscid interactions.
M. Drela

16.042 Heat and Mass Transfer (A)

Prereq.: 16.041
G (1)
3-0-9

Fundamentals of heat and mass transfer ap-
plied to aerodynamics, space, and propulsion
problems. Conduction heat transfer, thermal
stresses resulting from nonuniform tempera-
ture distribution. Free convection and buoy-
ancy effects. Forced convection with laminar
and turbulent boundary layers. Regenerative
and recuperative heat exchangers. Mass
transfer with blowing and auction. Transpira-
tion and film cooling. Boundary layers with
ablation. Radiative heat transfer and space ra-
diators. Permission of instructor for students
not having 16.041.
J. F. Louis

16.044J Turbulence end Random
Processes in Pluid Mechanics (A)

16.056 Special Topics In Unsteady
Separated Plows (A)

(Same subject as 12.865J) ' Prereq.: 16.035, 16.041
Prereq.: 1.612 or 2.20 or 16.035 or 18.350 G (1) Not to be oftered 1967-6
0(1) 3-0-6
1- A-0

Development of descriptions of random fields.
Response of systems and fields to random In-
puts, with examples from waves. Sources of
turbulence, hydrodynamic stability, equations,
spectra, equilibrium, and decay. Shear flow
turbulence, turbulent boundary layers. Meth-
ods of observation, measurement, and analy-
sis. Discusses problems of current interest,
M. T. Landahl, J. H. Haritonidis

16.061 Gas Dynamics (A)
Prereq.: 16.035
G (2)
3-0-9
Fundamental concepts and modeling for per-
fect gas subsonic, mixed, and supersonic
flows. Approximate (small disturbance, poten-
tial) and numerical (finite difference, character-
istics, integral) methods. Waves,
discontinuities, similarity for two-dimensional
fields. Application to wings, bodies, test facili-
ties. Introduction to viscous and real gas
coupling influences.
J. R. Baron

16.052 Real Gas Dynamics (A)

Prereq.: 16.035
G (1) Not to be offered 1987-6
3-0-9
Dynamics of a real gas. Translational, chemi-
cal, and radiative nonequilibrium and equillb-
rium limit gas processes. Relaxation coupling
with fluid dynamics for high temperature and
rarefied conditions. Wave propagation, disper-
sion, similarity, shock phenomena, surface re-
action coupling. Application to high-speed and
space transfer vehicles, test facilities, and gas
dynamic lasers. Atemate years.
J. R. Baron

16.055 Unsteady Fluid Mechanics (A)
Prereq.: 16.035
G(1) Next offered 1987-68
3-0-9
Fluid mechanics of fixed airfoils, wings, bod-
ies, and cascades in unsteady potential flows,
or moving airfoils, wings, bodies, and cas-
cades In a uniform stream. Methods (analytical
and numerical) for predicting the pressure on
unsteadily moving bodies in subsonic, tran-
sonic, and supersonic flow. A limited discus-
slon of viscous effects, boundary layers,
aerodynamic noise generation, flow instability,
and separation introduced where appropriate.
Altemate years.
M. T. Landahl

Develop@ understanding of basic phenomena
underlying the physics of both unseparated
and separated flows. Based upon recent ex-
perimental, theoretical, and CFD results. Ini-
tially, separation and reattachment of steady,
two-dimensional laminar and turbulent bound-
ary layers discussed. Their effect on the aero-
dynamic characteristics demonstrated. The
literature of three-dimensional separated flows
discussed critically. The effects of these non-
linearities upon the aircraft flight mechanics
treated through trajectory analysis. Atemate
years.
Al. a. Gl..o

16.06 Molecular Gas Dynamics of Space
and Reentry
Prereq.: 16.004 or 2.20 or 1.05
U (1)
4-0-8

Entry trajectories; dynamic and thermal loads
on reentry vehicle. Molecular and transition
flows. introduction to kinetic theory of gases.
Mass, momentum, and energy exchange on
surfaces. Gas-surface interactions. Application
to performance of space vehicles.
L. Trilling, H. Y. Wachman

16.066 Spacacraft-Environmental
Interaction (A)
(New)

Prereq.: 16.55
G (2)
3-0-9

Reviews fundamentals of plasma physics ap-
propriate to the ionosphere/magnetosphere.
Spacecraft charging at geostationary orbit; ab-
solute and differential charging; methods of
control; electron beams, plasma guns, and
electrostatic noise. Environmental interactions
at low earth orbit; V x B effects, wakes, neu-
tral gas flow, Alfven wings. Topics of current
Interest, high-voltage large-space structures in
low earth orbit, atomic oxygen effects, electro-
dynamics of tethers; wave generation by the
Space Station.
D. E. Hastings, H. Y. Wachman

16.07 Aerodynamics of Wings and
Bodies (A)

Prereq.: 16.035, 18.075
G (2) Next offered 1987-6
3-0-9

Aerodynamic loading on wings and bodies. Lift
versus circulation. Kutta and viscosity, Large
and low aspect-ratio wings. Induced drag,
wave drag, form drag, skin friction. General
theorems. Lifting surfaces in sub- and super-
sonic flow. 3-D features. Bodies of revolution.
Cross-flow concepts. Source and panel meth-
ods. Area rule. Wing-body combinations. Sep-
aration and stall. Transonic flow. Altemate
years.
J. E. McCune
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16.O1J Principles of Acustlos (A)
(Same subject as 2.000J, 13.81J)
Prereq.: 2.03J or 16.004, 18.075
G(1)
3-0-9

See desciption under subject 2.060J.
P. Lechey, R. H. Lyon

16.12J Flow Noles (A)

(Same subject as 2.065J, 13.84J)
Prereq.: 16.02 or 2.20,16061J
G (1) Next oftee 1667-6
3-0-9

See description under subject 13.84.
P. Leshey

16.1 hItroducton to Flight Vehicle
Dynamics
Prereq.: 16.004 or 1.05 or 2.20; 18.03
U (1)
3-0-9

Theory of flight; airfolle, ifft, drag, and applied
aerodynamics. Root locus, and similar control
techniques. Airplane performance, engine
characteristics. Introduces stablity and control
of airplanes. Equations of motion. Static stabil-
ity, neutral points, and maneuver points. Effect
of CG movement. Linearized equations of mo-
tion and stability derivatives. Characteristic
longitudinal and lateral motions. Elements of
handling qualities. Effects of variation of aero-
dynamic parameters on airplane stability and
control.
R. V. Ramnath

16.17 Advanced Flight Dynamics and
Control (A)
Prereq.: 16.16
G (2)
3-0-9

Brief review of appled aerodynamics. Wing,
fuselage, and tall contributions. Power, corn-
preesiblity, and aeroelastic effects. Modern
approach to aircraft stability and control. Mo-
don along steep trajectories, reentry dynamics,
and stablity of a shuttle vehicle. Human pilot
models and autopilots. Variable flight condi-
tions. VTOL transition. Senstvity to parameter
variations in variable systems. Motion at high
angie-of-attack, rol coupling, and other nonhin-
ear flight regimes.
R. V. Ramnath

16.20 Structural Mechanics
Prereq.: 16.004 or 2.01
U (1, 2)
5-0-7

Applies sold mechanics to analyzing high
technology structures. Plane stress, plane
strain problems. Bending, shear, torsion of
rods and thin wall beams. Introduces energy
principles and computer-oriented structural
analysis such as matrix and finite element
methods. Applications to statically Indetermi-
nate structures and solid continua. Buckling of
column and stablity phenomena. Theories and
modes of structural failure. Principles in opti-
mal structural design.
E. F. Crawlse P. A Legace

16.21 Platee, Stability, and
Thermoelastiolty (A)

Prereq.: 16.20
G (2) Next offered 1967-8
3-0-9

Analyzes anisotropic plates typical of lami-
nated composite structures. Coupling of and
duality in bending and stretching of plates,
transverse shear effect. Large deflections of
plates. Theory of stability of structures and ap-
plications to buckling of plates. Equations of
thermal elasticity. Heat transfer and thermal
stress analysis for supersonic and hypersonic
aircraft. Altemate years.
E. A. Witmer

16.22 Shell Structures (A)

Prereq.: 16.20
G (1) Next offered 1967-66
3-0-9

Elements of tensor analysis. General formula-
tion of elasticity in curvilinear coordinates.
Introduction to differential geometry. Develop-
ment of shell equations in tensor form. Mem-
brane behavior of thin shells. Bending
behavior of thin shells. Shallow shells, shells
of revolution, edge zones. Altemate years.
J. W. Mar

16.24 Plasticity, Viscoelastiolty, and
Creep (A)

Prereq.: 16.20
G'(2) Not to be offered 1987-66
3-0-9

Plastic stress-strain relations of materials.
Yield conditions, flow rules and strain-harden-
ing rules. Limit and shakedown analysis.
Characterization of linear viscoelastic behav-
iors, creep compliance and relaxation modu-
lus,-discrete element models, spectrum and
dynamic representations. Viscoelastic stress
analyses, correspondence principle and Inte-
gral equation solutions. Nonlinear creep laws.
Structural analyses in presence of creep.
Creep bucding. See 2.073. Consult advisor.
T. H. H. Plan

16,21J Structural Mechanlos in Nuclear
Power TechnolOgy (A)
(Same subject as 1.56J, 2.04J, 3.82J,
13.14J, 22.314J)
Prereq.: Permission of instructor
G (1)
3-0-9
See description under subject 22.314J.
J. E. Meyer, 0. Buyukozturk

16.27 Finite Element Method (A)

Prereq.: 16.20
G (1)
3-0-9

Formulation of finite element method through
use of variational principles for structural me-
chanics and continuum mechanics, assumed
displacement and assumed stres models.
Tools in numerical analyses, interpolation, and
integration. Problems treated include plane
stress and plane strain, plate bending and
three-dimensional solids. Emphasizes practical
ways of constructng and assembling the ele-
ment matrices and methods of solving large
systems of algebraic equations by modem
computers. Students required to carry out
actual solutions using the digital computer.
T. H. H. plan

16.26 Advanced Finite Element Method (A)

Prereq.: 16.27
G (2) Next offered 1967-68
3-0-9

Generalized variational principles in solid me-
chanics and related finite element models. in-
cremental formulations of elastic-plastc, large
deflection, and creep analyses. Superposition
of analytical and finite element solutions. Ap-
plicadons to shells of revolution, fracture
mechanics, finite element in time, and non-
structural problems. Current development of
finite element method. Altemate years.
T. H. H. Pian

16.201 Manufacturing with Advanced
Composite Materials

16.251 Structural Design for Longevity (A) Prereq.: -
U (1)

Prereq.: 16.20 1-3-2
G (1) Not to be offered 1967-88
3-0-9

Longevity is the most difficult of all te struc-
tural integrity requirements for aerospace vehi-
des. Examines the many aspects of longevity
such as: frequency of loads, fatigue of ma-
terials, growth of cracks, safe-Ife philosophy,
fail-safe philosophy, damage tolerance, stress
concentrations, scatter factors, testing. Intro-
duces linear elastic fracture mechanics and its
use. Emphasizes application of theory to prac-
tice. A portion devoted to study of case
histories.
J. W Mar, P. A. Lagace

Introduces the various methods used to manu-
facture parts made of advanced composite
materials. Revolves around laboratory ses-
slons 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, composte ma-
chining, secondary bonding, and the testng of
composites.
J. Dugundl

. ... .....
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16,= Meshenles of PIlmentary
Compsene MAWsrs" (A)
Prereq.: 16.20
G (2)
3-0-9

Studies the behavior of filamentary com-
posite materials composed of boron, graphite,
glss. and Kevlar fibers embedded In a matrix.
Material properties of fibers and matrices. Ml-
oromechanics, anlaotroplo elasicIty, tensor no-
taion, and Classical Laminated Plate Theory.
Also Includes failure analysis, bucking, sand-
wich construoton, thermal and moisture
stresses, and interaminar stresses. Design
conospts and cost-effective applications.
J. W Mar

16.23 Advanoed Toplos In FIametar
Compoelte Materlaie (A)
Prersq.: 16.292
G (1) Ner ofered 196748
3-0-9
Generalized study of the anleotropic properties
of composte laminates. Failure modes, frac-
ture theorles/oorrelatons, damage tolerance,
fatigue, Inedrlaminar stresses, environmental
effects. Reviews current problems In the appli-
cations of composite materials In the aero-
space and automotive industry. Guest
lecturers share their experiences. Permission
of Instructor for students wIthout 16.292.
J. W. Mar, P. A. Lagace, J. Dugundl

1630 PrInolples of Automatio Control

Prereq.: 18.03
U (1.2)
3-0-9
Fundamental physical and analytical principles
used in the design of automatic control sys-
tems. Emphasizes a sound foundation In the
classical control techniques upon which more
advanced subjects can build. Use of digital
computer program In the solution of illustrative
homework problems. Compensation tech-
niques and design examples to meet perfor-
mance specifications. Recommended for the
second term of the junior year or later.
W. R. Markey

16.312 Prinolples of Optimal Control (A)
Prereq.: 16.311 or 16.341J, 16.37
G (2)
3-0-9
Studies the principles of deterministic optimal
control. Pontryagin's maximum principle. Ap-
plications of the theory Including optimal fesd.
back control, time optimal control, and others.
Dynamic programming, numerical techniques.
Optimal estimation and control In the presence
of uncertainties.
B. K Walker

' 16.321 Pault-Toleant Control Systems (A)
Pre'eq.: 16.37
G (2)
3-0-9
The design and analysis of control systems
which can sustain component failures and
continue to funcdon. Presents an overview of
the subject area. Statistical failure models.
Methods for masking component failures.
Methods for detecting and Isolating component
failures. Evaluates performance of redundant
control systems.
B. K. Welrer, S. R. Hall

uter Control of Dynamic
Sysvtemne ()
Prereq.: 16.30
G(1)
3-0-9
Elements of linear discrete-time system the-
ory: state description, stability, z-transform
analysis, controllability, observablity, canonIcal
forms. Analyzes linear discrete-ime control
systems: stability, root locus, frequency re-
sponse. Synthesis of state feedback computer
control systems: stabilty Improvement, dead-
beat controllers, minimum quadratic cost opi-
mal regulators. Control of systems with
Incomplete state measurements: observers,
properties of observer-regulator computer
controllers.
S. R. Hal

16.3411 Multivarlable Control Systems I (A)
(Same subject as 2.154J, 6.233J, 10.28,
1 3.47J)
Prere.: 2.14 or 6.302 or 10.35 or 16.30
G (1)
4-0-8
See description under subject 6.233J.
M. Athana, J. K. Hedrck, G. Stephanopoulos,
M. S. Tdantafyllou, B. K. Walker

16.342J Multivarlable Control Systems 11 (A)
(Same subject as 2.155J, 6.234J. 10.29J
13.48J)
Prereq.: 16.341J
G (2)
4-0-8
See description under subject 6.234J.
M. Athens, J. K. Hdrick, G. Stephanopoulos,
M. S. Trlantafyllou, L. Valaveni

16.361J QuantItative Physiology: Sensory
and Motor Systems
(Same subject as 2.793J, 6.023J, HST 543J)
Prereq.: 2.02 or 6.003 or 16.30
U (2)
3-2-7
See description under subject 6.023J.
L. R. Young, L. S. Frshkopf, R. W. Mann

16.352J Sensory-Neural Systems (A)
(Same subject as 6.532J)
Prereq.: Permission of Instructor
G (1) Next olered 1987-4
3-0-9
See description under subject 6.532J.
C. M. Oman, L. S. Frishkopf

16.3661 Modele of Man-Machine
Sysleme (A)
(Same subject as 2.181J)
Prereq.: 18.03
a (1)
3-1-6
See description under subject 2.181J.
S. R. Bussolarl, T. B. Sheridan

16.366J Blomedloal Signal Prooessing (A)
(Same subject as 6.555J, HST 582J)
Prereq.: 6.003
G (2)
3-6-3
See description under subject HST 582J.
B. Delguffe, W. M. Sber, J. M. Tisch

16.36 Flight SImulatIon (A)

Prereq.: 18.03, 16.30 or 6.003 or 2.14
G (1)
3-6-3
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.
Principles 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. Students
participate In actual simulator problems In the
lab. Assumes familiarity with FORTRAN
programming.
R. V. Kenyon, L. R. Young, A. L. Ellas

16.37 Statistical Problems In Automatic
Control (A)
Prereq.: 16.30
G(1)
3-0-9

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 vai-
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
Wlen6r and Kalman.
W. E. Vander Velde

16.371 Estimation and Control of
Stochastic Processes (A)
Prereq.: 16.37
G (2)
3-0-9

Stochastic processes: mean square calculus,
Wiener process, white noise, Gaussian pro-
ceses, Markov processes, Ito stochastic cal-
culus, Kolmogorov's equations. Unear filtering
and smoothing theory: Kalman filter, optimal
smoother, filter stability, steady state proper-
ties, sensitivity to model errors. Application of
linear filter theory: extended Kalman filter, filter
divergence, adaptive noise estimation, numerl-
cal considerations, square-root formulations.
Gaussian second-order filter. Optimal control
of stochastic linear systems: separation
theorem.
L. Valavani
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16.375 Adaptive Control (A)
Prereq.: 16.342J
G (1)
3-0-9

Studies nonlinear dynamic system concepts
with emphasis on stability: Lyapunov and Hy-
perstability theories. Introduces sensitivity and
gradient methods as precursors to adaptive
control. Adaptive observers (minimal and non-
minimal). Model Reference Adaptive Control
(MRAC) and Self-Tuning Regulators (STR);
Dead-Beat Controllers. Direct and Indirect
Methods. Stability and parameter convergence
of existing algorithms. Robustness properties
of adaptive systems and design implications.
State of the art results and current open
problems.
L. Valavanif

16.381 Lasers and Optics for
Applications I (A)

Prereq.: 8.03
G (1)
3-0-9

An Introduction to fundamentals of modem 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, tem-
perature, pressure, and acoustic sensing.
S. Ezekiel

16.362 Laers and Optics for
Applications i (A)

Prereq.: 16.381 or 6.631 or 8.243
G (2)
3-0-9

Continuation of 16.381 emphasizing a more
advanced treatment of lasers. Interaction of
radiation with atoms, stimulated and sponta-
neous emission, and line broadening mecha-
nisms. Steady state and transient behavior of
lasers. Survey of gas, liquid, solid, and semi-
conductor lasers. Nonlinear optics. Modulation
and deflection of light. Harmonic generation
and mixing. Laser spectroscopic techniques
with emphasis on specie identification and
resolution.
S. Ezekiel

16.39 Algorithms for Function Minimization
and Optimal Control (A)

Prereq.: 18.076 or 18.085
G (2) Next offered 1987-88
3-0-9

Develops techniques for seeking the minima
of functions and optimal control histories for
dynamic systems. Presentation based on fun-
damentals of function optimization and optimal
control theory, introduces variational calculus,
the maximum principle, dynamic programming.
Considers unconstrained and constrained
problems. Compares the complexity and per-
formance of different optimum-seeking
algorithms.
W. E. Vander Velde

16.40 Prinoiples of Plight Guidanos

Prereq.: 16.30 or 6.302
U (2)
3-1-8

Introduces navigation and guidance of flight
vehicles. Basic concepts of position and veloc-
ity determination using celestial, inertial, and
radio techniques. Guidance strategy for air-
craft and spacecraft applications. Steering
laws for rocket-powered flight, atmospheric
reentry, and air traffic control. Familiarity with
rigid body dynamics and elementary automatic
control theory desirable.
R. J. Hansman

16.41 inertial Engineering I (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

First half treats motion with respect to inertial
space, gyroscopic instrument theory, gimbal
systems, Schuler tuning, and the design of the
three principal inertial navigation systems.
Second half introduces practical aspects of in-
ertial instruments and systems. Analyzes and
evaluates single and two degree of freedom
instruments and their errors. Includes laser,
electrostatic and dry-tuned gyros, and models
of state-of-the-art hardware. Students obtain a
thorough understanding of inertial space con-
cepts and hardware.
W R. Markey

16.42 Inertial Engineering 11 (A)

Prereq.: 18.41
o (2) Not to be offered 1967-S8
3-0-9

Continues system design concepts presented
in inertial Engineering 1. Error analysis of a lo-
cal geographic coordinate system and exten-
sion to the general case of six other
configurations. Role of geodesy and gravime-
try in system design. Limitation of Kalman Fil-
tering. Radio inertial hybrid system design.
Seminars held by staff members of the
Charles Stark Draper Laboratory on topics
chosen primarily by the class.
W R. Markey

16.46 Astrodynamics I (A)

Prereq.: 18.03
G (1)
3-1-8

Fundamentals of astrodynamics; two-body and
n-body approximate and precision orbit deter-
mination. Fundamentals of space vehicle navi-
gation emphasizing self-contained methods:
statistical error analysis. Topics: universal or-
bital variables, recursive algorithms, variation
of parameters, state space methods, maxi-
mum likelihood estimates, numerical integra-
tion, optimum measurement strategies,
correlated measurement errors. Selected ap-
plications from the Apollo and Space Shuttle
programs.
R. H. Battin

16.47 Aetrodynamics 1i (A)

Prereq.: 16.46
G (2)
3-1-8

Fundamentals of the two-body orbital bound-
ary value problem with applications to space
vehicle guidance for both powered flight and
mid-course maneuvers. Topics: Lambert's
problem and methods of solution, one-way
and round-trip orbit determination to the moon
and planets, orbital adjustment and transfer,
linearized and explicit techniques for fixed and
variable time of arrival guidance, velocity to be
gained methods, hodograph analysis and ap-
plication of optimization principles.
R. H. Bettin

16.491 Seleoted Topics In Celeetill
Mechanics (A)

rereq.: 8.03, 18.076
G (1)
3-0-9

Reviews the two-body problem. Variational
principles in dynamics, leading to Lagrange's
equations, the canonical equations, and can-
onical transformations. The Hamilton-Jacobi
equation, with solution for the Kepler problem,
leading to canonical perturbation methods,
Delaunay variables, and Lagrange's variational
equations. Gravitational potential of a planet
and rotational motions of the earth and moon.
First order theory of the orbits of artificial sat-
ellites, induding the effects of atmospheric
drag.
J. P. Wnti

16.492 Selected Topics In Celestial
Mechanics (A)

Prereq.: 16.491
G (2)
3-0-9

Brouwer-Von Zelpel method and method of
Lie transforms, with applications to the orbits
of artificial satellites and lunar orbiters. Sepa-
rable problems, including the spheroidal
method, Staeckel systems and effects of gen-
eral relativity on orbit of a planet or satellite.
Selected topics from the three-body problem,
planetary and lunar theory, resonant motions,
periodic orbits, and stability theory.
J. P. Vinti

16.53 Rocket Propulsion

Prereq.: 16.004
U (1, 2)
3-1-8
Velocity requirements for orbital and interpla-
netary flight. Available velocity increments and
staging. Treats rocket systems involving liquid,
solid, and hybrid propellants, with reference to:
nozzle flows, thermochemistry, real gas ef-
fects, losses and heat transfer, structural con-
straints, propellant feed, and combustion.
Simple vehicle optimization. Laboratory
demonstrations.
D. E. Hastings, A. H. Epstein
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16.531 Space Propulsion and Power
Genersdon (A)
Prereq.: 16.53, 8.03
G (2)
3-0-9

Reviews rocket propulsion fundamentals. Dis-
cusses advanced thruster concepts from air-
breathing boosters to electric propulsion.
Liquid rocket pressurization schemes. Physics
and engineering of small thrusters for station-
keeping and attitude control. Methods and
concepts for electric power generation In
space, photovoltaic, solar, thermal, and
nuclear systems, and various conversion
schemes. Power transmission and reception.
M. Martinez-Sanchez

16.54 Aircraft Engines and Gas Turbines

Prsreq.: 16.004
U (1)
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 var-
lous engine types including turbojet, turbofan,
and turboprop. Limitations imposed by ma-
terial properties and stresses. Emphasizes fu-
ture design trends including reduction noise,
pollutant formation, fuel consumption, and
weight.
A. H. Epstein, D. E. Hastings, D. Jordan

16.541 Aircraft Turbine Engines (A)

Prereq.: 16.54
G (2)
3-0-9

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 turboma-
chinery and in complete engines. Operational
limitations and instabilities. Stress and associ-
ated temperature limits and influence of blade
cooling techniques on turbines.
J. F. Louis

16.543 Internal Flows in Turbomachines (A)

Prereq.: 16.035 or 2.25
G (2) Not to be offered 1987-88
3-0-9

General features of intemal flows with applica-
tion to compressors and turbines. Fundamen-
tal concepts of rotational flows, inherent
unsteadiness of turbomachines, boundary lay-
ers, wakes, and losses in turbomachines. Axi-
symmetric swirling flows, blade element
theory, streamline curvature computations.
Effects of viscosity and compressibility in inter-
nal flows. Secondary flows. Flow instabilities in
turbomachines. Recent developments and
experimental information. Altemate years.
E. M. Grelitzer

16.55 lonlasd Gases (A)
Prereq.: 8.211
G (1) Not to be offered 1967-8
3-0-9

Properties and behavior of low-temperature
plasmas for magnetohydrodynamics, ther-
mlonic energy conversion, plasma propulsion,
gas lasers. Equilibrium of Ionized gases: en-
ergy states, statistical mechanics, and equilib-
rium. 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

16.551 Plasmadynamics and
Magnetohydrodynamics

Prereq.: Permission of Instructor
G (2) Not to be offered 1987-88
3-0-9
Motion of conducting fluids in electric and
magnetic fields. Electrodynamics: discharges
and arcs, current transfer to Immersed elec-
trodes, effect of the Lorentz Force on flow.
Magnetohydrodynamics: power generation and
propulsion, simple inviscid and compressible
flows, electric conductivity, Hall effect, ion slip,
non-equilibrium electronic heating, viscous ef-
fects, nonuniformities, time-dependent MHD
performance. Plasma generators, thrusters,
circuit breakers, and MHD generators.
J. F. Louis

16.56 Noise Control Engineering (A)

Prereq.: Permission of Instructor
G (2)
3-0-9
Reviews physical principles of noise genera-
tion, transmission, and absorption, and the ef-
fect of noise on humans. Noise rules and
criteria. Specific topics: aerodynamic noise,
compressor, fans, and propellers, acoustically
induced instabilities in valves, heat exchan-
gers. Mufflers and duct liner technology.
K. U. Ingard

16.60 Advanced Special Project (A)

Prereq.: -
G (1, 2, S)
Arr.

Study, original investigation, or lab project
work of graduate level by qualified students.
Topics selected in consultation with instructor.
H. Y. Wachman

16.601 Advanced Special Subject (A)

Prereq.: -
G0 (1, 2)
Arr.
16.602 Advanced Special Subject

Prereq.: -
G (1, 2)
3-0-6

Organized lecture or laboratory subject con-
sisting of graduate-level material not available
in regularly scheduled subjects.
H. Y. Wachman

16.605 Special Projects
Prereq.: -
U (1, 2, S)
Arr.

Study or laboratory project work of undergrad-
uate level by qualified students. Topics
selected in consultation with the instructor.
E. A. Witmer

16.606 Selected Topics in Aeronautics and
Astronautics

Prereq.: -
U (1, 2)
Arr.

Study at the undergraduate level by qualified
students. Topics selected In consultation with
the instructor.
E. A. Witmer

16.61 Microcomputer Laboratory

Prereq.: 6.071 or 6.002; 2.10
U (1, 2)
2-8-2
Laboratory explores the operation of micro-
computers and methods of interfacing digital
and analog devices to microcomputers. Ma-
chine and assembly language programming.
Use of software development system. Parallel
and serial digital interfaces. Digital to analog
and analog to digital conversion. Timing and
interrupts. Arithmetic limitations. Software ver-
sus hardware trade-offs. Control of real-time
events and physical systems. Final project:
automatic control of electromechanical system.
Limited enrollment.
W. E. Vander Velde, W. M. Hollister,
0. L. Akin

16.621 Experimental Projects I

Prereq.: 16.004
U (1, 2)
1-1-1
Introduces laboratory experimental techniques.
Principles of reliable measurements. Labora-
tory safety. Instruction in effective report writ-
Ing and oral presentation. Selection and
detailed planning of an Individual research
project, including design of components or
equipment. Preparaon of a detailed proposal
for the selected project carried through to
completion under 16.622.
S. R. Hall, M. Orela

16.622 Experimental Projects I1
Prereq.: 16.621
U (1,2) LAB
1-7-4
Helps student gain practical insight and im-
proved understanding of engineering experi-
mentation through design and execution of
"project" experiments. Building upon work In
16.621, student constructs and tests equip-
ment, makes systematic experimental mea-
surements 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.
S. R. Hall, M. Drela
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16,64 Pilght Measurement Laboratory
Prereq.: 16.002
U (2)
2-2-2
Opportunity to see aeronautical theory applied
in real-world environment of flight. Students
assisted in design and execution of simple on-
gineering flight expediments in light aircraft.
Typical investIgations Include determination of
stability derivatives, verification of performance
specifications, and measurement of navigation
system cheracteltics. Umited to students In
Aeronautics and Astronautics.
R. J. Haneman

16.66 Measurement, instrumentation, and
Computers (A)
Prereq.: 16.02, 1620, 6.071
G (2) Next offered 196766
3-0-9
Foundation for experimentation in aerodynam-
Ics and structural mechanics: including sensor
selection, analogue signal processing, and
computer data acquisition. Emphasizes phys-
ical system constraints and the practical as-
pects of experimentation.
A. H. Epstein

16.671J invention
(Same subject as 2.941J, 13.77J)
Prereq.: -
G (1)
3-0-6
See description under subject 2.941J.
W R. Markey, D. G. Jansson
A. D. Carmichael

16.672 Entrepreneurship
Prereq.: -
G (2)
4-0-5
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. G. Jansson

16.673 Inventions and Patents
Prereq.: 14.02
U (1)
3-0-6
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. H. Rles

16.701 Principles of Systematic
Policy Analysis

Prereq.: Permission of Instructor
0(1)
3-0-6

Introduces the systematic analysis of policy
choices, emphasizing approaches, concepts,
and techniques employed. Main focus on
techniques for comparing major project or pro-
gram altematives. Studies time-streams of
benefits and costs. Pertinent operations re-
search techniques including linear and Integer
programming, project scheduling, and game
theory. Introduces decision analysis and utility
theory.
A R. Odoni

16,704J Seminar In Air Transportation
Analysis and Planning
(Same subject as 1.233J)
Prereq.: -
G0(1)
1-0-5
A review of current issues facing the airline In-
dustry In operational, economic, financial, reg-
ulatory, and Institutional areas. Seminars are
presented on altemative weeks by leading
speakers from airlines, aircraft manufacturers,
major airports, regulatory agencies, and na-
tional and international aviation organizations.
Preparatory lectures precede each seminar.
Opportunity for students to conduct studies on
partcular topics with readings guided by staff.
Term paper required.
C. 0. Car, A. R. Odoni

16.72 Air Traffic Control (A)

Prereq.: 6.071 or 16.40
G (1)
3-0-6

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;
surveillance Including NAS and ARTS; naviga-
tion subsystem technology; aircraft guidance
and control; communications; collision avoid-
ance systems; sequencing and spacing In
terminal areas; future directions and develop-
ment; critical discussion of past proposals and
of probable future problem areas. Requires
term paper.
A. L. Ellas, R. W Simpson

16.74 Air Transportation Economics (A)

Prereq.: 14.001
G (1)
3-0-6
Introduces fundamental concepts for the eco-
nomic analysis of airline systems. Contrasts
basic models of the operation of air transport
markets with neoclassical microeconomic
models. Defines market systems for air trans-
port service, and develops a theory for pricing,
demand, costs, and supply for regulated and
unregulated, domestic and International mar-
kets. Presents market models for equilibria in
Isolated markets and over a network of
markets.
R. W Simpson

16.752J International Air Transportation

(Same subject as 17.334J)
Prereq.: -
S(1)
3-0-6
Emphasizes political aspects of international
air transport. Topics: International civil aircraft
industry; types of airline ownership; character-
istics of air transport In North and South
America, Europe, Middle East, Africa, Asia,
USSR; world route patterns; bilateral negotia-
tions; International air transport organizations;
air transport in developing nations; unlawful In-
terference with aircraft; intemational air cargo
industry. Term paper.
B. R. Gidwitz

16.76 Logistical and Transportation
Planning Methods (A)
(Same subject as 1.203J, 6.261J, 11.526J,
13.665J, 15.076J, TPP 43J)
Prereq.: 6.431, 15.075
G (1)
3-0-9

See description under subject 1.203J.
A, R. Odoni, A. 1. Bamett, R. C. Larson,
H. N. Paretie

16.77 Plight TransportatIon Operations
Analysis (A)
Prereq.: 1.143 or 15.081
G (2)
3-0-6

Studies application of linear programming and
network flow theory to operational problems in
flight transportation systems. Reviews graph
theory. Network flow theory. Integer pro-
gramming 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 (A)

(Same subject as 1.231J)
Prereq.: Permission of Instructor
3(2)
3-0-6
See description under subject 1.231J.
A. f. Odoni, R. de NeuMile

16.73J Engineering Polley Thesis
Seminar (A)

(Same subject as 1.98W, TPP 13J)
Prereq.: Thesis Registration
G(1, 2)
2-0-1

See description under subject TPP 13J.
A. R. Odoni, R. de NeuMlle

16.764 Engineering Systems Analysis (A)
Prereq.: Permission of Instructor
G(1)
3-"-
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. de NulMlle, J. P. Clark

16.792 Introduction to Technology
and Law

Prereq.: -
U (1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter un SWE page.
J. D. Nyhatf

146D



Aeronautics and Astronautics 1 47D

16.794 Engineering Risk-Benefit
Analysis (A)

Prereq.: 18.02
G (2)
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A. W. Drake, A. R. Odoni

16.80 Industrial Practice

Prereq-
U (2)
0-8-0

Seven months of engineering practice carried
out by the cooperative students at the plants
of organizations participating in the coopera-
tive program.
E. F. Crawley

16.801 Engineering Internship
Prereq.: -
U (S)
0-8-0
A summer of work experience as part of the
Engineering Internship Program. Students reg-
ister for this subject twice receiving the grade
"J" for the first registration. Two work assign-
ments must be completed in order for credit to
be awarded. Limited to students registered in
Course XVI-C.
W E. Vander Velde

16.802 Advanced Engineering Internship

Prereq.: 16.801
(1, 2, S)

0-6-0

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

16.81 Space Flight Dynamics

Prereq.: 16.004, 18.03
U (1)
3-0-9

Topics: launch trajectory analysis, orbit inser-
tion navigation requirements, orbital mechan-
ics and spacecraft dynamics, the space
environment (gravity gradients, atmospheric
drag, radiation environment), rendezvous and
docking approaches, thermal equilibrium, re-
entry trajectory analysis, convective and radia-
tive heating, thermal protection system analy-
sis, hypersonic maneuvering, and landing
dynamics of low L/D vehicles.
D. L. Akin

16.821 Management Topics In Engineering

Prereq.: -
G (2)
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, etc., are explored with
emphasis on the management process. Spe-
cial 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

16.84 Flight Vehicle Engineering

Prereq.: 16.02 or 16.20
U (1)
2-3-7

Design of an atmospheric flight vehicle to sat-
isfy stated performance, stability, and control
requirements. Emphasizes individual Initiative,
application of fundamental principles, and the
compromises Inherent in the engineering
design process. Enrollment restricted to se-
niors in Course XVI or by permission of
Instructor.
N. 0. Ham

16.85 Space Systems Engineering_
Prereq.: 16.20
U (2)
4-0-8

Reviews fundamental principles used in engi-
neering development of space systems. De-
sign of a complete system including trajectory
analysis, entry dynamics, propulsion systems,
structural design, thermal control, environmen-
tal control, support systems, weight and cost
estimates. Students participate in teams, each
responsible for one of several subsystems,
providing experience in project organization
and interaction between disciplines. Enroll-
ment restricted to seniors in Course XVI or by
permission of Instructor.
M. Martinez-Sanchez, D. L. Akin, J. Dugundji

16.851 Satellite Engineering (A)

Prereq.: Permission of instructor
G (2)
3-0-9

Fundamentals of satellite engineering design.
Studies orbital environment. Analyzes prob-
lems of station keeping, attitude control, com-
munications, power generation, structural
design, thermal balance, and subsystem inte-
gration. Considers trade-offs among weight,
off -ency, cost, and reliability. Discusses
c s- of design parameters such as size,
weight, power levels, temperature limits, fre-
quency, bandwidth. Examples taken from cur-
rent satellite systems.
W M. Hollister

16.852 Spacecraft and Aircraft
Instrumentation (A)
(New)

Prereq.: 6.071, 8.03
G (1)
3-0-9

Covers fundamental instrumentation principles
in the context of systems designed for space
or atmospheric flight. Systems discussed are:
incoherent and doppler radars; space commu-
nications; spacecraft attitude determination by
stellar, solar, and horizon sensing; remote

sensing by radiometry, spectrometry, and In-
terferometry; air data systems; and radio navi-
gation. Also, review of basic electromagnetic
theory and antenna design. Discussion of de-
sign considerations for flight.
R. J. Hansman

16.87 VTOL Aircraft (A)
Prereq.: 16.02
G (1) Next offered 1987-88
3-0-6

An analytical discussion of the fundamental
performance, stability, and control characteris-
tics of vertical take-off and landing aircraft, in-
cluding helicopters and ducted fan, rotor-
propeller, jet vectored-lift, and jet vertical-lift
aircraft. Alternate years.
N. D. Ham

16.88 Aerodynamics, Structural Dynamics,
Aeroelasticity of Wind Turbines and
Rotorcraft (A)
(New)
Prereq.: 16.02
G (1) Not to be offered 1987-88
3-0-6
An analytical discussion of fundamental aero-
dynamic, structural dynamic, and aeroelastic
characteristics common to wind turbines and
rotorcraft. Includes tho horizontal axis and ver-
tical axis types of wind turbine, and the heli-
copter and tilting rotor-propeller types of
rotorcraft. Alternate years.
N. D. Ham

16.91 Structural Dynamics (A)
Prereq.: 16.20
G (1)
3-0-9

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
superposition and direct numerical integration
techniques. Self-excited vibrations, dynamic
stability. Wave propagation concepts. See
2.032. Consult advisor.
A. H. von Flotow

16.92 Advanced Aeroelasticity (A)
Prereq.: 16.004, 16.91
G (2) Next offered 1987-66
3-0-9

Presents field of aeroelasticity from unified
viewpoint applicable to flight structures as well
as buildings, suspension bridges, and other
structures. Static aeroelastic and flutter insta-
bilities of simple and complex structures. Simi-
larity lows and wind tunnel modeling.
Responses to gusts and random excitation.
Derivation of unsteady airloads. Simple nonlin-
ear aeroelastic behavior. Altemate years.
E. F. Crawley, A. H. Von Flotow

Aeronautics and Astronautics 147D



Aercnaudoe and Astronautims16
16t DynamIc. of 5pm Stratures (A) 16.96 Nutoleer Weapon. and Arms

P 91 ~ A 1on6311ecnoog1ad6341JIsuerereq.: I6. , . Wr .
G (1) Not to be offered 1987.8
3-0-9

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 nonlin-
ear effects. Mode shape-wave duality In struc-
tures. Approximate and continuum modeling.
Formulations of controllers for reduced order
models. Control-structure Interaction and spill-
over. System Identification. Deployment and
assembly dynamics, Alternate years.
E. F. Crawley, J. Dugundjl

16.94 Advanced Structural Dynamics (A)
Prereq.: 16.91
G (2) Not to be offered 1967-66
3-0-9

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 re-
sponses; permanent deformation. Impact and
propagation of both elastic and Inelastic stress
waves In solids. Wave propagation and scat-
tering In structural networks and In periodic
structures. Mechanical filtering. Forced and
parametric excitation. Alternate years.
A. H. von Flotow

16.991 Aeronautics and Astronautics
Seminars
Prereq.; -
U (1, 2)
2-0-0

Speakers from campus and industry discuss
current activities and advances in aeronautics
and astronautics. Restricted to Course XVI
students.
W R. Markey

16.992 Seminar

Prereq.: -
G (1, 2)
2-0-0

Discussion of current interest topics by staff
and guest speakers. Restricted to Course XVI
students.
W R. Markey

16.993 Management In Engineering

Prereq.: -
U(1)
3-0-9

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
D. P. Hoult, H. S. Marcus

Prereq.: -
G (1)
4-0-8

School-Wide Elective Subject. Description
given at end of this chapter on SWE page,
G. W Rathjens, J. P. Ruina

I.ThG Graduate Thesis (A)

Pre"e.: -
G (1, 2, S)
Arr.

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

16.994 Nuclear War: Threat and Avoidance

Prereq.: -
U (2) HASS
3-0-6

School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. K. Lester, P. Morrison, G. W. Rathjens,
E. Rothschild J. P. Ruins
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17 Political Science

Political
Philosophy/Social Theory

17.103 SocIalism
Prers.: -
U (2) HUM-D
3-0
Studies the Socialist movement, Ideas, and
polities from the Industrial Revolution to the
present. Explores history and theories of So-
clallem In Europe, Russia, USA. Topics: Uto-
plan Socialists, Marx, Lenin, Stalinism, Social
Democracy, Euro-Communism, and Socialism
in the US.
a. Berger

17.104J Philosophles of Social Solence (A)
(Same subject as 24.625J)
Prereq.: Permission of Instructor
G (2)
3-0-9
This subject addresses philosophical isus
arising In contemporary social scientific re-
search practice. Ius of explanation and un-
derstanding, the justification of theories and
aguments, objectivIty and commitment In po-
ical research. Literatures on democratization

and intemational conflict provide the points of
reference for discussion.
J. Cohen

17.1051 Political Philosophy
(Same oubct 24u23W)
Prereq. : One Philosophy Distribution Subject
U (1)
3-0-9

17.1061 Political Philosophy (A)
(Same subject as 24.611 J)
Prereq.: One Modem Poitical Philosophy
subject
G(1)
3-0-9
A comparson of different conceptions of social
Justice through a study of Hobbes' Leviathan,
Rouseau's SooWa Contract, and Hegel's Phi-
losophy of Right. Graduate students are ex-
pected to pursue the subject at greater depth
through reading and individual research.
Meets with 17.105J.
J. Cohen

17.107 introduction to'PolitIcal Theory:
lndMdual end Commmnlty
Prereq.: -
U (1) HUM-D
3-0-
Basic Introduction to the study of politics fo-
cusing on selected works in classical, medi-
eval, and early modem political thought. The
claims to freedom of the individual as they en-
counter demands of the community for order,
Justice, and obedience. Extent to which politi-
cal society is justified In shaping the lives and
consciousness of its members. Foundations of
political authority. Readings include: Plato, Ar-
Istotle, St. Augustine, St. Thomas, Machiavelli,
and Luther.
B. H. Smith

17.110 New Currents In Sociai Theory (A)
Prereq.: -
0 (1) Next offered 1987-4
3-0-9
Focus is on current efforts to formulate gen-
oral theories of social transformation. The
classical starting point: Marx and Weber. Diffi-
cultles with their views, and the search for al-
ternatives. Neo-Marxsm and related theories
(Off., Habermas); game theory and the "micro
foundations" of society (Elster, Przeworski);
"contextual" theories (Foucault, Rorty, Unger).
Knowledge as a social product, society as a
historical creation.
C. F. Sa"e*

17.113J Clasescs In Political Philosophy
(Same subject as 24.09J)
Prereq.: -
U (2) HUM-D
3-0-

See description under subject 24.09J.
J. Cohen

Political Economy

17.154J Poltics of IndustrialisatIon (A)
(Same subject as STS 510J1)
Prereq: Permission of instructor
G (1) Next offered 106748
3-0-9

Focuses on the way the pace and direction of
economic development depend on the out-
comes of historical struggles for justice and
the control of resources: politics In the broad-
est sense. Shows how both the industrial
structure of mass-production capitalsm and
the definition of the interests of groups that
occupy places In that structure cannot be
understood without reference to these

9
17.156J Political Economy 1: Theories of
the State and the Economy (A)
(Same subject as 14.781J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Critical analysis of liberal, neoclassical, and
Mandet perspectives on modem society. After-
native theories of economic growth, historical
change, the state, clisses, and Ideology.
8. Beger

17.16 PolItical Economy of West
Europe (A)
Prereq.: 17.534 or 17.15J
0 (2)
3-"4
Examines role of European states In postwar
period of rapid economic growth and current
crisis. Includes: analysis of different state tra-
ditions ("statist, liberal, auoadan); 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 (now International
division of labor? too few producers? oil
shock?); and of policies to deal with them (in-
dustrial policy? monetarism? protectionism?)
S. Berger

I i- .
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17.144 Lar and Polities (A)
Prereq.: -
G (2) N ored 111117-11111
34-9
The evolution of the American labor move-
ment from its colonial begi to the prs-
ent. The arsan tradidon; Populism and the
Cooperative Commonwealth; craft unionism;
SocIallsm; the welfare capitalism of the 1920s;
the sources of protest In the 1930s and the
limited transformaion of the American Indus-
trial relations systen; industrial pluralism and
postwar prosperity; the breakdown of the post-
war system and eforts, rooted In the unreal-
lied opportunlites of labor's traditions, to
reestablish the Institutional security of the la-
bor movement.
C. F. Sabe

17.16J Problems of Advanood Industrial
Soolelles (A)
(Same subject as STS 575J)
Prereq.: 17.156J
G (2)
3-0-9

Analyzes selected current political economy
Issues. Includes: inflation, Industrial relations
systems, the crisis of ungovernability," public
assistance and family policy, and reindustriall-
zalion." Open to qualified undergraduates by
permission of Instructor.
8. Berge M. J. Plore

17.167 Politloal Economy of Asia

Prereq.: -
U (1) Next offered 1917-111
3-0-9

17.16 PolItical Economy of Asia (A)

Preq.- _
G (1) Next offered 1987-8
3-0-9

Comparative analyses of economic and pollti-
cal developments of India, China, Japan, and
Korea-Talwan-Slngapor. Focuses on the poli-
tics of economic planning, relatonships be-
tween policy and performance, political and
social consequences of dffrent develop-
mental approaches, and Asian economics in

perspective. Meets with 17.167.
UPye, M WOWer

17.170 The Political Eoonomy of
htellional Migration (A)
Prsroq.: -
G (2)
3-0-9

Explores the political causes and conse-
quences of population movements across in-
ternatIonal boundaries and within states.
Detailed examination of the following: Political
effects of urban migration, poltical behavior of
politoal refugees, consequences of Internal
population movements in multi-ethnic soci-
eties, economic and political Impact of mi-
grants on the receiving country, effects of
migration on the country of origin. Draws case
maeials from contemporary Asia, Africa, and
Latin America.
M. WenrW

17.172 PontisI Eonomy of the Middle
est (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Focuses on economic and political transforma-
tions In the Middle East since World War 11.
The effects of the decolonization process In
conjunction with efforts at Institutional develop-
ment provide the context for evaluating devel-
opment strategies, changes In resource
availability, and aitemative paths to growth
and change. A principal emphasis on compet-
ing strategies for change and modernization,
and attendant political and economic conse-
quences. Advanced undergraduates with per-
mission of Instructor.
N. Choucd

See also 17422.

American
Politics/Public Policy

Public Policy

17.201J Politics and Public Policy

(Same subject as 11.007J)
Prereq.: -
U (1, 2) HUM-D
3-0-9

Introduction to political aspects of public pol-
icy. Considers philosophical rationales for gov-
emment action and the evolution of public
policy In America; the policy-making process;
basic strategies of public policy, Including mar-
kets, government regulation, mass persuasion;
and ways of analyzing the impacts of public
policies - social Indicators, cost/benefit analy-
sis, evaluation of distributive equity, and unin-
tended consequences.
M. Lipsky, G. T. Marx

17.202 Theories of Public Policy (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Analyzes political Issues Involved In the con-
duct of policy analysis. Topics: criteria for gov-
emment Intervention (e.g., efficiency, equity,
security, liberty, community); alternative meth-
ods of government intervention (market and
incentive policies, standard-setting, creation of
legai rights and duties, Information-based
strategies); philosophical assumptions (e.g.,
statistical indicators, cost-benefit analysis, risk
analysis, microeconomic models). Students
apply the theoretical issues to a policy topic of
their choice. Consult Department
headquarters.

17.203 Evaluation Research Laboratory

Prereq.: -
U (1) LAB
3-5-4

introduus field of public policy evaluation. Ac-
quaints student with the concepts and meth-
ode of evaluation research and aids the
student In developing skills used in conducting
evaluation studies. Topics: the concept of in-
terventionary public policy programs, research
designs for evaluating public policies, alterna-
tive analytic methodologies (quantitative and
qualitative), and the politics, problems, and
policy utilization of evaluative studies. Carries
out Individual evaluation projects as part of
subject. May not count toward Humanities
Requirement.
P. H. Lemieux
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17.313 Rug uluaen
Prereq.: -
U (2)
3-04
17.214 Regulation (A)
Prereq.: Permiselon of Instrutor
G (2)
3-0-9
Analyzes theoretical Issues that out oes
many substantive areas of regulation, includ-
Ing health and safety, environment energy,
and trniportaion. Topics: deciding when to
regulate, explaining the behavior of regulatory
agencies, evalung alternative regulatory In.
arumenis, evakiating proposals for regulatory
reform and deregulation. Uterature drawn from
law, economics, and political science. Gradu-
ate students are expected to pursue the sub-
jc at greater depth through reading and
indvdual research. Meets with 17.213.
D. Meday

17.21M The Polloy-Maldng Procees (A)
(Same subject as TPP 22J)
Prereq.: Permission of Instructor
G (2)
3-0-9
Analyze the political process by which Issues
arise, and public po-lies are formulated, con-
tested, determined, Implemented, and evalu-
ated. Treats the role of mass activity (including
proteet politics), professional expertise, eltes,
and public officlals in the stages of the policy
process. Weighs the relationship between
popr and programmatic responsiveness
and distributive coneequenoes of policy.
M. sky

17.227 Comparadve 'ealh Syetms
Prerq.: -
U (1)
3-0-

17.2UJ Comparative Health Systems (A)
(Same subject as 15.141J)
Prereq.: Permission of Instructor
G(1)
3-0-

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 ana-
lyst Considers coet, qualty, acs- , and tech-
nology trade-offs as they affect government
policy. Meets with 17.227.
H. M. Ssolky, 8. N. Fnkelstein

17.36 Theoriee of Organkatons
Prerq.: -
U (1)
3-0-9

17.236 Theories of Organlatlons (A)
Prereq.: Permission of Instructor
G(1)
3-0-9
Considers the historical roots of modem ad-
ministradve theory: the effect of technology on
organizational structure and functions, how
decisions are made within organizations, em-
phasizing cognitive bases for decision making,
how actors In an organization's environment
Influence organizational behavior, the problem
of executive control, the challenges of uncer-
tainty and complexity or organizational perfor-
mance. Graduate students are expected to
pursue the subject at greater depth through
reading and IndMdual research. Meets with
17.23.
D. Metlay

American Politics

17.241 Introduction to the American
Politcal Process
Prereq.: -
U (1, 2) HUM-D
3-0-9
Studies functioning of the Amercan national
governmental -system emphasizing the theo-
retical and historical background of the Consti-
tudon, the Congress, the Presidency, and the
Judiciary. Particular attention devoted to diffu-
sion of power In national govemment, role of
the political party, and how institutions of na-
fional government help fulfill the goals of a just
and democratic society.
L. Maenand C. Stewart

17.243 American Politics and Socill
Change
Prereq.: -
U (2) HUM-D
3-0-9

Analyzes both Industrialization and the civil
rights movement In order to treat aspects of
the American political process (Interest group
and party politics), key national Institutions
(the presidency and Congress), and ditier-
enoes between normal and transformative pol-
IWoe In America. Special attention Is paid to
democratic theory. Includes: American political
evolution, the nature of democracy, the role of
Interests and values In politics, political leader-
ship, participation, social conflict, and social
control.
R. M. Valelly

17.244 The PolitieN of Spending
ad Taxing (A)
(New)
Prereq.: Permission of Instructor

S(2) Next ofed 10746
3-0-9
In recent years the toughest questions in
American poltics have centered on economic
questions: How much to tax, how much to
spend, and how much to allocate to specific
govemmnItal programs. Students analyze the
political processes Involved In making these
three decisions, by focusing on topics such as:
how voters, parties, and Interest groups Influ-
eno spending and taxing cholces; budgetary
politics within Congress, the bursaucracy, and
the Institutional presidency; the politics of bud.
getary reforms; and the problems of develop-
ing a coherent budgetary policy In a
democracy.
C. Stewart

17.246 The Supreme Court and
Constitutional Processes
Prereq.: -
U (1)
3.0-9
An Interpretation of constitutional rights, pro-
cesses, and concepts of limited government In
light of Supreme Court decisions and of Exec-
utive and legislative Initiatives.
L. Menand

17.247 National Security and Democratic
Values
(New)
Prereq.: 17.241, 17.243 or 17.245
U (2)
3-0-9

The growth of national security concems
poses Important challenges and problems for
Individual freedom and democratic processes.
An examination of this phenomenon and
congressional and presidential initiatives to
deal with these perceived problems. Inteill-
gence agencies, loyalty-security clearances,
secrecy and classfications, espionage, free-
dom of press, of travel, of scientific ex-
changes, and defense spending examined.
L. Menand

17.24 Electoral Politics In the US

Prereq.: 17.241
U (2) Next Offered 195748
3-0-6

Analyzes political parties and their role In dec-
sion making In the political system. Primary at-
tention to the American party system, national
party organization, Presidential nominating
convenVons, electoral strategies, and espe-
Caly the dynamics of American voting behav-
lor. Comparison with parties and electoral
behavior In other political systems, especially
those of Western Europe. Attention to extrem-
let poNtical movements and the behavior of
electorates under acute stress.
W D. Bumham



PON Itoal lae"5

17260 Theories of the Amerlan State (A) 17.26 Politis of Re and Ethnicity In
(New) America (A)

(New)
rereq.:Prmsonontuor

G (1)
3-0-9

is there a "State" in America and how can It
be conceptualized? What are the logics of its
evolution? What consequences have patterns
of evolution had for politics, economy, and so-
clety? Considers such questions, and ad-
dresses a recent and growing literature,
including Skowronek, Skocpol, and others.
Older views, such as Huntington's concept of
the "Tudor Polity," are also treated. Open to
undergraduates by permission of the
instructor.
R. M. Vallelly

17.251 Congress and the American Political
System
Prereq.: -
U (2) Next offered 1987-88
3-0-6

17.252 Congress and the American Political
System (A)
Prereq.: Permission of Instructor
G (2) Next offered 1987-88
3-0-9

Focuses both on 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 at greater depth through reading and
Individual research. Meets with 17.251.
C. Stewart

17.255 Politics, TV, and the News

Prereq.: -
U (1)
3-0-6

The role of television, considered by some the
most powerful mass medium in shaping Amer-
loan public attitudes. Focus on TV but news-
papers and magazines alsa, discussed. Topics:
political coverage of elections and policies;
news "management" by both government and
media; Presidential access to media; coverage
of foreign news; science and technology; eco-
nomics. Lectures and recitations combine
"live" and taped appearances of guests and
presentation of issues.
E. Diamond

17.257J American Society: Values,
Institutions, and Variety

(Same subject as 11.006J)
Prereq.: -
U (1) HUM-D
3-0-9

See description under subject 11.006J.
0. T. Marx

Prereq.: Permission of instructor
G0(2)
3-0-9
17.259 Polities of Race and
Ethnicity in America
(New)

Prereq.: -
U (2)
3-0-9

How have race and ethnicity shaped American
politics from the 18th to the 20th centuries?
What differences have they made to ideology
and the historical development of the political
economy, the party system, and the American
State, and vice-versa? Considers these ques-
tions, using a comparative perspective where
appropriate. Graduate students expected to
pursue the subject in greater depth through
reading and individual research.
R. M. Valelly

17.260 Graduate Seminar In American
Politics (A)

Prereq.: 17.241
G (2)
3-0-9

Analyzes the American political system with
primary emphasis on the national level. Exam-
ines American political culture, federalism,
American party system, representation and
public policy, and major institutional compo.
nents of the national policy process. Attention
to contemporary and comparative research on
American poiltics and government. Discussion
also includes some reference to the explicit
and implicit theoretical assumptions of such
work, as well as critiques of these
assumptions.
W D. Bumham

17.261 Congress and the Policy Process
(New)
Prereq. -
U (2)
3-0-9
17.262 Congress and the Policy
Process (A)
(New)

Prereq.: Permission of Instructor
G (2)
3-0-9

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 Institu-
tional design leave their marks on the policy
process within and between the national politi-
cal Institutions.
C. Stewart

17.264 Dynamls of Electoral Politics (A)
Prereq.: 17.241
0 (1) Next onred 1987-8
3-0-9

Analyzes man voting behavior in the US, past
and present. Evaluates leading theories of
American electoral politics in light of
inferences from data analysis. Emphasizes
longitudinal system dynamics and other prop-
erties, both quantitative and nonquantitative.
Some comparative analysis of electoral dy-
namics and theories of electoral politics in
other Western political systems. Attention to
American voting behavior since 1960.
W D. Bumham

17.265 Congressional Elections
(New)

Prereq.: -
U (1)
3-0-9

Examines both the dynamics of congressional
elections themselves as well as the normative
and policy consequence of electoral politics.
includes candidate recruitment; campaign
strategy; contributions; the role of parties; vot-
ers' behavlor; national politics and congres-
sional elections; and the policy consequences
of electoral arrangements. Where appropriate,
activity in or analysis of local campaigns Is in-
cluded as a class requirement
C. Stewart

17.267 The President
(New)

Prereq.: -
U (1)
3-0-9

The US President as constitutional executive,
as sharer of governing authority with Congress
and the courts, as party leader, as chief man-
ager of exective agencies, as foreign policy
leader, as focus for national political, eco-
nomic, and social aspirations. Is the modem
presidency compatible with democratic tradi-
tions and the traditional rule of law?
L. Menand

17.270 Evolution of American Politics (A)

Prereq.: -
G (2)
3-0-9

17.271 Evolution of Amercan Politics

Prereq.: 17.241
U (2)
3-0-6

Provides students with historical background
for understanding growth and change in Amer-
ican national political structures and processes
to their present state. Orients the approach,
however, at least as much to social science
perspectives as to those of more conventional
history. Topics: the evolution of Congress, the
Presidency, and electoral politics, with atten-
tion to changes in behavior, structure, and
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performance. Emphasizes developments In
the 20th century. Graduate students are ex-
poed to pursue the subject at greater depth
through reading and individual research.
Meets with 17.270.
W. D. Bumham

See also 17.702, 17.704, 17.707, 17.720.

Urban Politics and
Public Policy

17.201 Urban Politics

Prereq.: -
U (1) Next offered 1987-88
3-0-6

Analyzes current American urban political is.
sues in terms of their historical and sociologi-
cal bases, theoretical significance, and
relationship to broader American politics.
Deals with concepts involving power struc-
tures, ethnicity, law, justice, public participa-
tion, and public administration. Specific
concerns include education, housing, police,
transportation, welfare, and other dimensions
of public policy.
M. Lipeky

17.26 Seminar In Urban Politics (A)

Prereq.: Permission of instructor
G (1) Next offered 198748
3-0-9

Examines current issues in urban politics, and
altemative perspectives for analyzing them. In-
cludes: machine politics, the legacy of the re-
form movement, community action and citizen
participation, decentralization, metropolitaniza-
tion, public service policy and delivery, and the
fiscal crisis of the city. Considers the utility of
pluralist and neo-Marxist frameworks in under-
standing American urban political development
and public policy. Open to undergraduates
with permission of instructor.
M. Upsky

17.290 The Organization of Public
Policy (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Analyzes the politcI and policy implications
of delivering policy through public, quasi-pub-
lIc, and private organizations. Examines the
role of public services in the American political
economy. Emphaslzes comparisons across
policy areas, such as health, education, and
social welfare, and factors that bear on quality,
availability, and accountability in public ser-
vices. Includes balance between professional,
bureaucratic, and political accountability, and
client roles in service delivery. Open to quall-
fled undergraduates.
M. Lipsky

Science, Technology, and Policy

17.301 Science, Technology, and Politics
Prereq.: -
U (1)
3-0-6-

17.302 Science, Technology, and
Politics (A)

Prereq.: -
G (1)
3-0-9

Examines the Impacts of science and technol-
ogy on governmental Institutions and pro-
cesses. Includes extent to which science and
technology have transformed fundamental po-
litical Institutions and relationships, role of sci-
entists and engineers in political decision
making, societal mechanisms for reaching de-
cisions on controversial technological issues,
and impact of science and technology on for-
eign policy and international political relation-
ships. Graduate students are expected to
pursue the subject at greater depth through
reading and individual research. Meets with
17.301.
0. Metlay

17.306J Special Topics in Science,
Technology, and Publio Policy (A)
(New)

(Same subject as STS 460J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Workshop exploring special topics in science,
technology, and public policy related to re-
search Interests of participating faculty and
visiting speakers. Student papers are pre-
sented in the latter part of semester. Intended
to provide an overview of the general interac-
tion of science, technology, and goverment.
E. B. Skolnikoff, H. M. Sapolsky, C. Kaysen,
P- S. Buck

17.322 Seminar In Systematic Policy
Analysis and Technology Assessment (A)
Prereq.: 14.01, 14.02
G (2) Next offered 1987-88
3-0-6

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 pro-
grams, and communications. Open to under-
graduates by permission of Instructor only.
G. W Rathjens

17.321 science and Technology in
International Affaire (A)
Prereq.: 17.302
G (1) Not to be offered 1907-66
3-0-9

Explores the roles of science and technology
and their impact in the International system,
and process by which foreign policy Involving
science and technology is made in the US and
Internationally. Provides an overview of major
International political effects and develops the
role of science and technology in a few Issue-
areas in some detail: East/West transfer of
technology, North/South relations, national se-
curity, international organizations, bilateral re-
lations, and a selection of others.
E. B. Skolnikoff

17.334J International Air Transportation

(Same subject as 16.752J)
Prereq.: -
G (1)
3-0-6

See description under subject 16.752J.
B. R. Gldwitz

17.336J Social and Political Implications of
Science
(Same subject as STS 207J)
Prereq.: Permission of Instructor
0 (1) Next offered 1987-68
2-0-10
See description under subject STS 207J.
P. Buck
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International Relations/Arms
Control and Defense Studies

International Relations and
Foreign Policy

17.401 Just Ware, Total Ware, and Nuclear

Prsreq.: -
U (2) HUM-D Next offered 1987-8
4-0-8

The contemporary debate about nuclear war
and international security put in the context of
historical, political, and moral arguments about
just and unjust wars (including wars of religion
and crusades), total wars (those without limits
on objectives, arenas, and weaponry) and to-
talitarian states (those unlimited in the jurisdic-
tion and political means of their power
exercisers). Documentary, video, and comput-
erized exercises supplement class discus-
sions. Consuit Department headquarters.

17.403 American Foreign Policy In a
Changing World

Prereq.: -
U (1) HUM-D
3-0-9

The US as a major actor in a fast-changing
world. Lectures and discussions focusing on:
the roots of US foreign policy; origins of the
Cold War; the age of Intervention; security re-
defined; Interdependence; future options.
L. P. Bloom field

17.408 Seminar in Middle Eastern
Politics
Prereq.: -
U (2)
3-0-6

17.406 Seminar In Middle Eastern
Politics (A)
Prereq.: Permission of Instructor
0(2)
3-0-9
Divided into three parts: 1) domestic and re-
gional politics of the Arab East, Iran and the
Gulf, the Maghreb, and Israel; 2) energy: the
world oil and energy picture; 3) Middle East
and world politics: the East-West conflict, the
Arab-israell conflict, and their interaction with
the energy crisis. Lectures, discussions, and a
paper or a take-home examination. Graduate
students are expected to pursue the subject at
greater depth through reading and individual
research. Meets with 17.405.
W E. Griffith, N. Choucri

17407 international Relations:
War and Pen
Prereq.: 17.401 or 17.403
U (2)
3-0-6

Analyzes the study of real and potential Inter-
national systems. Topics: international war-
fare, the impact of technology on war and the
arms race, the balance of power, classical and
modem imperialisms, regional and universal
intemational organizations. View of aitemative
futures examined for developed and develop-
Ing worlds. Previous study of International re-
lations expected.
S. E. Miller

17.420 Theories of international
Relations (A)

Prereq.: Permission of instructor
G (1)
3-0-9

Review and critical discussion of the literature
of international relations. Focuses on alterna-
tive paradigms, world views, and middle-range
theories, including political realism, idealism,
systems theory, Marxism, peace research, and
aiternative theories from non-Westem, non-
major-power perspectives. Open to undergrad-
uates by permission of instructor only.
N. Choucr'l

17.422 International Political Economy (A)

Prereq.: Permission of instructor
G (2) Next offered 1987-8
3-0-6

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 neo-
classical economics, Marxist and neo-Marxist
theories, dependency theses, and structural
European views of power relations, among
others. Examines political and economic di-
mensions of international trade, capital flows,
foreign Investment, and military and strategic
policies. Reviews the evolution of International
economic organizations and political
Implications.
N. Choucri

17.428 US Foreign Policy - Past, Present,
Future (A)

Prereq.: Permission of instructor
G (1) Next offered 1967-86
3-0-9

Critical analysis of US foreign policy in the
context of past tendencies and future possibili-
ties. Roots of US policy; origins of the Cold
War; the "Age of intervention;" security rede-
fined; interdependence; future options. Open
to advanced undergraduates by permission of
Instructor only.
L. P. Bloomfield

17.430 The Foreign Poloy Process (A)
Prereq.: Permission of instructor
G (1) Not to ae offered 1987-8
3-0-9

The planning ard execution of foreign policy in
the US (and, where data available, other
countries). Relevant organizational and
decision-making models and theories critically
analyzed. The President and Congress, NSC
and State Dept., and System weaknesses. Or-
ganizing for interdependence, Policy planning,
crisis behavior, and Issues of irrationality. Sim-
ulation and other techniques. Student-run
planning game. Open to advanced undergrad-
uates by permission of instructor only.
L. P. Bloomfeld

17.436 Research Seminar on African
Foreign Relations (A)
Prereq.: Permission of Instructor
G (1) Next offered 1987-8
3-0-9

Special topics concoming African intemational
relations, Including US relations with Southem
Africa, African international organizations, and
African participation in multilateral organiza-
tions. Undergraduate students only with per-
mission of Instructor.
W R. Johnson

Defense and Arms Control
Studies

17-460 Defense Politics (A)

Prereq.: -
G (2)
3-0-9

Examines the politics affecting US defense
policies. Includes consideration of intra- and
inter-service rivalries, civil-military relations,
contractor Influences, congressional oversight,
and peace movements in historical and con-
temporary perspectives.
H. M. Sapolsky

17.462 Statecraft, Strategy, and War (A)

Prereq.: -
G (1) Not to be offered 1967-8
3-0-9
Introduction to major thinkers and major is-
sues relating to war as an instrument of state
policy. Emphasizes strategy, deterrence, and
problems of managing force effectively. Pro-
vides a representative sampling of the most
significant work on these subjects.
S. E. Miller

17.464 Theory and Politics of Arms
Control (A)

Prereq.: 17.486, 17.490
G (1) Not to be offered 1987-8
3-0-6

The evolution of arms control and Jlsarma-
ment policy and approaches. Critical review of
the major negotiating efforts and agreements,
including consideration of domestic political
factors.
S. E. Miller
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17.488 Nuolear War: Threat and Avoidance
Prereq.: -
U (2) HASS
3-0-8
Engineering School-Wide Elective Subject.
Description given at end of this chapter on
SWE page.
R. K. Lester, P. Mordson, G. W RathJens,
E. Rothschild, J. P. Rulna

17.466 Seminar In Arms Control
and Defense Policy (A)
Prereq.: 17.486, 17.490, 17.484
G (2)
3-0-6

Assessment of post-World War lI arms control
efforts and major Issues in defense policy.
Emphasis on current issues. Topics, varying
from year to year, treated in some detail. Con-
sideration of technical questions, political
questions, economic and military impact. Ex-
amples: missile deployment in Europe and the
INF negotiations, START, and space-based
ballistic missile defense.
G. W Rathjens, J. P. Ruina

17.469 Military Forces and Foreign
Policy

Prereq.: -
U (1) Next offered 1987-68
3-6

17.470 Military Forces and Foreign
Policy (A)

Prereq.: -
G (1) Next offered 1987-88
3-0-9

A comparative examination of US and Soviet
defense policies, foreign policies, and the use
of their military forces In the post-war period.
Analyzes 20 historical cases involving deter-
rence of central war, coercive diplomacy, crisis
management, and limited intervention. Dis-
cusses implications for military force posture
planning and military strategy. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and Individual
research. Meets with 17.469.
S. M. Meyer

17.472 American Security In the Nuclear
Age
Prereq.: -
0 (2) Next offered 1987-88
3-0-9

17.473 American Security in the Nuclear
Age
Prereq.: -
U (2) Next offered 1987-88
3-0-6

Surveys the evolution of American security
policy since World War 11. Includes the post-
war demobilization, the assumption of global
responsibilities, the Korean War rearmament,
the nuclearization of American defense in the
19509, the McNamara revolution, Vietnam and
the problem of intervention, the Nixon doc-
trine, and current defense policy issues. Fo-

cuses on the problems of matching
capabilities to commitments. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and Individual
research.
S. E. Miller

17.482 General Purpose Forces (A)
Prereq.: 17.480
G (2) Next offered 1987-US
3-0-6

Introduces the planning of the nuclear and
non-nuclear general purpose forces. Empha-
sizes methods used to analyze the cost and
effectiveness of altemative land, air, and naval
capabilities In achieving deterrence and stabil-
Ity. Attention to the ability of NATO to deter
the Warsaw Pact. Open to undergraduates by
permission of Instructor only. Consult S. M.
Meyer.

17.486 Nuclear Weapons and Arms
Control: Technology and Policy Issues
Prereq.: -
G (1)
4-0-8
Engineering School-Wide Elective Subject.
Description given at end of this chapter on
SWE page.
G. W Rathjens, J. P. Ruina

17.487 Quantitative Approaches to Defense
Problems

Prereq.: 17.465, 17.842
U (2)
3-0-6

17.488 Quantitative Approaches to Defense
Problems (A)

Prereq.: 17.486, 17.465 or 17.842
G (2)
3-0-6

Systems analysis of policy choices in the de-
fense/arms control area. Consideration of cost
and benefit criteria. Analytical approaches and
critique of applications.
G. W Rathjens

17.490 Soviet Defense Planning (A)
Prereq.: -
G(1) Next offered 1967-66
3-0-9
Examines the political, economic, and military
determinants of Soviet military policy. Soviet
military doctrine, strategy, organization, and
weapons procurement are studied from the
perspective of Soviet defense planners.
S. M. Meyer

17.492 Research Seminar in Soviet
Security Studies (A)
Prereq.: 17.490
G(1,2)
3-0-9

An advanced seminar which examines histori-
cal and contemporary issues in Soviet defense
planning. Students select Individual research
topics and work with original source materials.
S. M. Meyer

17.496 Seminar on European Security (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Considers issues in the military and political
security of Europe in the post-1945 period, de-
cline of the cold war, consolidation of status
quo; the German question and Ostpoitik;
MBFR negotiations; role of new weapons sys-
tems (SS-20, Pershing 2, Cruise Missile); dif-
fering W. European and US estimates of the
USSR and their policy results; the energy
crisis and US-W. European differences on
Middle Eastem policy.
W E, Griffith

See also 17.301, 17.302, 17.328, 17.401,
17.403, 17.405, 17.408, 17.407, 17.420,
17.428, 17.430, 17.587, 17.804.
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Comparative Politics/Political
Development/Communist
Studies

Theories and Research Methods

17.501 The Quest for Equality and
Development in Third World Countries

Prereq.: -
U (1) HUM-D
3-0-9
Examines value aspects of and policy choices
in attempts to achieve economic growth with
social justice and popular democracy In under-
developed countries. Examines the basic ideo-
logical and structural dynamics of Third World
societies, including racism, nationalism, Indus-
trialism, capitalism, socialism, environmental-
Ism, and religious revivalism. Considers
tensions between growth and equality, be-
tween domestic and international needs, and
between political and economic interests. At-
tention to local values and historical context.
W R. Johnson

17.505 African International Relations

Prereq.: -
U (2) Next offered 1987-88
3-0-9

Comparative analysis of the foreign relations
and policies of African states, including their
relations with the US, and their relations with
and participation in international, regional, and
worldwide organizations.
W R. Johnson

17.512 Theories of Political
Development (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Studies analytical models of the political pro-
cess in transitional societies. Systematic ex-
amination of factors influencing political
behavior in changing societies; functions of
politics in such societies. Open to qualified
undergraduates.
L. W Pjre

17.520 Comparative Politics of Business-
Government Relations (A)

Prereq.: Permission of Instructor
G (2) Next offered 1987-68
3-0-9

Seminar provides an introduction to the cross-
national study of business-government rela-
tions, emphasizing competing theoretical per-
spectives and with attention to experiences of
selected industrialized countries. Examines
how and why governments are in business as
well as the influence businesses exert on gov-
emmental decision making. Central questions
include historical impact of business on na-
tional economies, political origins of state en-
terprises, and implications of business-
government relations for democratic theory.
R. J. Samuels

17.522 Research Seminar on African
Development (A)

Prereq.: 17.576
G (2) Next offered 1087-8
3-0-9

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
integration, international Investment
institutions.
W. R. Johnson

See also 17.154J, 17.15J.

Advanced Industrial Societies

17.530 The Politics of the Federal Republic
of Germany

Prereq.: -
G (2)
3-0-9

Survey of the principal domestic and foreign
policy issues in the Federal Republic. After a
brief historical survey and a study of the Ad-
enauer period, emphasis on the period after
1969: party system, economic factors, the me-
dia, religion, and the new left; relations with
the US, France, and Ostopolitik toward the
USSR, Poland, and the GDR. Open to quali-
fied undergraduates.
W E. Griffith

17.534 Domestic Politics of Western
Europe (A)

Prereq.: Permission of Instructor
G (1)
3-0-6

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 Research Seminar in Comparative
Politics: Western Europe (A)

Prereq.: 17.534
G (2) Next offered 1987-88
3-0-6

For students planning research In Western
European countries. Discussion of current
work in the field. Training in the use of Euro-
pean primary source materials and in research
methods applicable to European problems.
Presentation of students' own research
projects.
S. Berger

17.533 Politics and Policy in Contemporary
Japan
Prereq.. -
U (1)
3-0-6

17.540 Politics and Policy In Contemporary
Japan (A)

Prereq.: Permission of Instructor
G (1)
3-0-9
Analyzes contemporary Japanese politics, fo-
cusing primarily upon the post-World War |1
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 the
development of less idiosyncratic approaches
to the study of Japan. Graduate students are
expected to pursue the subject at greater
depth through reading and individual research.
Meets with 17.539.
R. J. Samuels

See also 17.154J, 17.156J, 17.158, 17.164,
17.166J.

Developing Countries

17.543 Political Change in Latin America

Prereq.: -
U (1) HUM-D
3-0-9

Introductory survey of Latin American politics
In comparative perspective. Theoretical focus
on soclo-economic conditions of political
change and on state formation since the con-
quest, with particular emphasis on the twen-
tieth century. Special attention to selected
cases (Argentina, Mexico, Cuba, Central
America) and to the role of the US.
P. H. Smith

17.544 Comparative Politics of Latin
America (A)

Prereq.: -
G (1)
3-0-9

Latin American politics in a comparative per-
spective. Theoretical focus on three contrast-
Ing models of development: modernization,
dependency, and bureaucratic-authoritarian-
Ism. Case studies with different political sys-
tems and economic models since 1960, such
as Chile, Brazil, Cuba, Colombia.
B. H. Smith
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17.546 Political Change in South Asia:
India, Pakistan, Bangladesh, and
AfghanIstan
Prereq.: -
U (2)
3-0-6

17.54 PolItical Change In South Asia:
India, Pakistan, Bangladesh, and
Afghanletan (A)
Prereq.: Permission of Instructor
G(2)
3-0-9

Examines the major political changes occur-
ring In the region: the changing role of political
parties and the military; the Impact of caste,
linguistic, 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. Meets with
17.545.
M. Weiner

17.547 Chinese Politics

Prero.: -
U (2)
3-0-6

17.548 Chinese Politics (A)

Prereq.: Permission of instructor
G(2)
3-0-6

Analyzes contemporary Chinese politics, both
pre-Communist and Communist. Focus on the
process of modernization and political devel-
opment of Chinese civilization. Graduate stu-
dents are expected to pursue the subject at
greater depth through reading and Individual
research. Meets with 17.547.
L. W Pyes

17.549 Political and Economic
Development of Tropical Africa
Prereq.: -
U (1) HUM-D Next offered 1907-88
3-0-9

Studies major facets and problems of eco-
nomic and political development in tropical Af-
rica. Introduces the history and political
cultures of African peoples, states, and em-
pires throughout history. Considers the impact
of African culture and philosophy on modem
politics. A general Introduction to African
Politics.
W R. Johnson

17.551J The History of 20th-Century Africa: 17.60J Technology, Business, and Public
Nationalism and Nation Building Policy In the Middle East (A)
(Ames suham as 01 A51J) (New)
Prereq.: -
U (2) HUM-D
3-0-9

17.662 Nationalism and Notion Building In
20th-Century Africa
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 21.451J. Gradu-
ate students are expected to pursue the sub-
ject at greater depth through reading and
Andividual research. Meets with 17.551J.
R. 1. Rotberg

17.5&8J The History and Politics of the
Third World through the Novel

(Same subject as 21.455J)
Prereq.: -
U (1) Next offered 1987-88
3-0-6
See description under subject 21.455J.
R. . Rotberg

17.556 Political and Institutional Changes
In the Middle East (A)
(New)

Prereq.: 17.406
G (1) Next offered 1987-8a
3-0-9

Historical and contemporary analysis of com-
munity building and state formation in the re-
gion. Focuses on conflict systems generating
political responses and institutional adaptation.
Review of major ideological and social move--
ments in the 20th century, as a basis for ana-
lyzing evolving relations between state, policy,
and economy in the Middle East. Open to un-
dergraduates with permission of Instructor.
N. Choucri

17.55J Politics, Growth, and Development
In the Middle East (A)
(New)

(Same subject as 1.255J)
Prereq.:-
G (1)
3-0-9

Focuses on contemporary conflicts and com-
peting ideologies, Islam and politics, colonial
experiences, and patterns of social pressures.
Examines role of technological and scientific
institutions. Changing environment of Interna-
tional 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. Khoury, F. Moavenzadeh,
D. Lesard

(Same subject as 1.266J)
Prereq.:-
G (2)
3-0-9

Focuses on the role of the state, political, and
economic aspects of oil price changes, tech-
nological development, economics of exhausti-
ble resources, and Infrastructure development.
Special emphasis on technology transfer and
manpower development. Examines capital
flows and foreign exchange markets, as well
as prospects for the multinational firm in the
Middle East. Provides students with Interdisci-
plinary approach to development in the Middle
East. Open to undergraduates with permission
of instructor.
N. Choucr, A. Adelman, F. Moavenzadeh
D. Lessard

17,562J Modern Egypt and Iran: Islam and
Politics in Historical Perspective (A)
(New)

(Same subject as 21.484J)
Prereq.: -
G (2) HASS
3-0-9
See description under subject 21.484J.
Open to undergraduates.
P. S. Khoury

17.564J Research Seminar in Imperialism
and Colonialism
(Same subject as 21.457J)
Prereq.: Permission of instructor
G (2)
3-0-6

See description under subject 21.457J.
R. 1. Rotberg

17.574 Comparative African Politics: Crims
in Southern Africa

Prereq.: Permission of Instructor
3(2)
3-0-6
Comparative analysis of political systems and
problems of southern Africa. Attention to
South Africa's revolution. Also, discusses Nam-
bla, Botswana, Angola, Mozambique, Zambia,
Zimbabwe, and Zaire. Although seminar's pd-
mary focus Is on the emergence of stable sys-
tems of governance in the southern tier of
Africa, it examines the formulation of US for-
eign policy regarding the region. Undergradu-
ates permitted with permission of Instructor.
R. 1. Rotberg

17.576 Politics of Development and
Underdevelopment in Africa (A)
Prereq.: -
G (1)
3-0-9

Analyzes development Issues and policies in
selected African countries (inter alia, Came-
roon, Kenya, Nigeria, Tanzania) Including a
consideration of the nature and functioning of
the political systems in these states, their In-
teraction with the environment of other states,
Intemational organizations and multinational
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corporations. Emphasizes policies being pur-
sued by the government to promote econom-
los and social development. Considers major
theoretical literature on development relevant
to Africa.
W R. Johnson

17.16 The PolitIcal Economy of
Modernization in China
Prereq.: -
U (1)
3-0-8

17.560 The Political Economy of
Modernization in China (A)
Prerq.: -
G (1)
3-0-9

Examination of the political economy of mod-
emization in post-1949 China with emphasis
on the post-Mao period. Analyzes the Interac-
tion of political and economic variables as they
relate to such topics as foreign Investment and
technology transfer, research and education,
economic management, foreign economic pol-
Icy, and defense modernization. Course ma-
terials and lectures are drawn from primary
and secondary literature dealing with prevall-
ing modemization issues. Graduate students
are expected to pursue the subject at greater
depth through additional reading and individual
research.
D. F. Simon

See also 17.406, 17.438.

17.564 Religion, Politics, and Social
Change In Developing Countries (A)
Prereq.: -
G (2)
3-0-9

17.5686 Rell , Politics, and Social
Change In Developing Countries
Prereq.: -
U (2) HUM-D
3-0-6

Major Issues of religion and politics in various
developing countries. Focus on: 1)theodes of
religion's Impact on social change, 2)differing
church-state concepts In the major world reli-
gions, 3)religlon as a progressive and reac-
tionary political force, 4)religion under
authoritarian governments. Case studies from
Latin America, Africa, Middle East, and Asia.
Graduate students are expected to pursue the
subject at greater depth through reading and
Individual research. Meets with 17.584.
B. H. Smith

17.66 The Military and Poltlos In
Comparative Perspective (A)
Prereq.: -
G (2)
3-0-9

17.587 The Military and Politics In
Comparative Perspective
Prereq.: -
U (2)
3-0-6

Political interests, resources and Impact of the
military In Western industrial nations, Commu-
nist societies and developing countries. Histor-
ical and theoretical treatment of: 1)contrasting
models of civil-milItary relations; 2)conditions
enhancing and eroding civilian control of the
military; 3)Impact of modem technology and
social Instability on the political role of the mill-
tary; and 4)capabilities and consequences of
the armed forces In managing government
tasks. Graduate students are expected to pur-
sue the subject at greater depth through read-
ing and Individual research. Meets with
17.586.
B. H. Smith

17.580 Field Seminar In Comparative
Politics (A)

Prereq.: Permission of Instructor
G (2) Not to be offered 1987-08
Arr.

For advanced graduate students planning to
offer General Examinations in the field of com-
parative politics. Assumes the student has a
familiarity with a sampling of the major works
in this field, but wishes opportunity to deepen
and broaden that familiarity. No research pa-
pers required. Topics: political participation, in-
terest groups, the intellectual history of the
field, political culture, methodologies, political
development, political economy, and public
Policy.
R. J. Samuels, Staff

17.590 Research Seminar on Latin
American Politics

Prereq.: -
G (1)
3-0-9

For students planning research In Latin Amer-
Ica, and for students who seek to Incorporate
Latin American cases in comparative frame-
works. Discussion of current work In the field,
with emphasis on sources, methodology, and
strategies for testing theory. Presentation of
students' research projects as appropriate.
P. H. Smith

See also 17.166, 17.170, 17.172.

Communist Studies

17.602 ContInuity and Change In Soviet
Politics (A)

Prereq.: -
G (2)
3-0-9

17.603 Continuity and Change In Soviet
Politics
Prereq.: -
U (2)
3-0-9

Analysis of the nature and evolution of Soviet
politics centered on four topics: 1)Lenin's
theory and practice in creating the Bolshevik
party and seizing power; 2)compeng re-
sponses to the economic and political dilem-
mas of building a socialist regime In a peasant
society, 1917-1928; 3)orins an Impact of
Stalin's totalitarian system; 4)Soviet politics
since Stalin. Graduate students are expected
to pursue the subject at greater depth through
reading and Individual research. Meets with
17.02.
. L. M. Bilackmner

17.604 Soviet and Chinese Foreign Policy
and the Communist World (A)
Prereq.: -
G (1) Next ofered 196746
3-0-9

Reviews Soviet state and party relations with
China and East Europe during the Stalin pe-
riod and analyzes Sino-Soviet relations since
1953. Inciudes Soviet and Chines dealings
with East Europe, North Korea, North Viet-
nam, Cuba, and the Eurocommunist parties.
Open to qualified undergraduates.
W. E. Grif~h

17.606 The Politics of Communist States
and Parties In Eastern and Western
Europe (A)

Prereq.: -
G (2) Next ofered 1907-6
3-0-9

Primarily an analysis of the domestic problems
and foreign relations of the Communist states
of East Europe since W War 11, followed
by a survey of the domestic and foreign poli-
cies of the major West European Communist
parties. Open to quallfied undergraduates.
W. E. Griffith

17.60 Radical and Revolutionary
IdeologIes (A)
Prereq.: -
G (2) Next ofered 1907-86
3-0-9

Consecutive treatment of background of Marx-
lam in German idealist philosophy; Marx, Eh-
gels, Bakunin, and Anarchism; the revisionists,
orthodox Marxists, leftist Marxists, origine of
Russian radicalism and Mandsm; Lenin, Trot-
sky, Bukhadn, Stalin; Fascism; the Western-
Mandate; Titoism; East European revisionism;
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Maoism; Ideology in Sino-Sovlet split; radical-
Ism In Cuba; Chinese Cultural Revolution;
Asian and African Socialism; North Vietnam;
Radicalism and the New Left In North Ameri-
can and Westem Europe; Eurocommunism.
Open to qualified undergraduates.
W. E. Gdffth

17.40MJ Seminar In the Historical and
Political Evolution of the Soviet Union
(Same subject as 21.378J)
Prereq.: Permission of Instructor
U (2) Next offered 1987-8
3-0-

17.610 Seminar In the Historical and
Political Evolution of the Soviet Union
Prereq.: Permission of Instructor
G (2) Next offered 1987-8
3-0-9

Graduate students are expected to pursue the
subject at greater depth through reading and
Individual research. Mests with 17.609J. See
description under subject 21.378J.
L. R. Graham

17.612 The Soviet Political System (A)

Prereq.: 17.602
G (2) Next offered 1987-88
3-0-9

Research seminar on the Soviet political sys-
tem with special emphasis on the period since
Stalin's death. Three main objectives:
1)evaluation of competing Interpretations of
Soviet politics, Including efforts to apply to the
Soviet Union concepts derived from the study
of other political systems; 2)discussion of
major Issues In contemporary Soviet politics;
3)student rmsearch.
0. L. M. Blackmer

17.614J Russian Science and Society
(Same subject as STS 212J)
Prereq.: -
G3(2)
3-0-9

See description under subject STS 212J.
L. R. Graham

17.A16 Soviet Policy Toward the Third
World
Prereq.: -
G (2) Next oflered 1987-8
3-0-9

After a general survey of Soviet third world
policy, focuses on Soviet policy in four re-
gions: the Middle East, southem Africa, Cen-
tral America and the Caribbean, and
Indochina. Includes: Soviet arms supply, guer-
illa movements and terrorism, other leftist and
revolutionary movements, and "proxies" (e.g.,
Cuban troops and advisers in Angola and the
Caribbean). Open to qualified undergraduates.
W E. Offt.

See also 17.490.

Political Communication/
Political Behavior

17.702 Polical Behavior and AmerIcan
Politios (A)
Prereq.: -
G (1) Next onred 1987-66
3-0-9

Reviews the behavioral perspective In the
study of American politics. Includes analysis of
political Ideology In mass publics, issue voting,
political communication, political psychology,
and the Interplay of economic Interests and
political participation. Open to qualified
undergraduates.
W R. Neuman

17.704 Poltlal Psychology and
Pehavior (A)

(New)
Prereq.: Permission of Instructor
G (1)
3-0-9

Basic survey of Individual and group psychol-
ogy In relation to political behavior. Readings
cover the intellectual development of political
psychology with stress on Individual emotional
growth and motivations, attitude formation and
change, leadership styles, mass behavior, and
political culture.
L. W. Pye, K. Kenisfon

17.707 Mass Communication and American
Culture
Prereq.: -
U (2) HUM-D
3-0-6

Studies emergence of the modem media of
mass communication and their Influence In
shaping the indMdual's values and knowledge
of world events. Topics: political control
through mass communication, violence, racial
and sex role stereotypes, popular culture, and
future communication technologies.
W R. Neuman

17.720 CommunloiatIon and Public
Opinion (A)

Prereq.: -
G (2)
3-0-9

How Is the political culture produced? What is
the role of the mass media In the process?
How does the organization of the media affect
what is produced? How Is It different In sod-
eties without modem mass-media systems?
How does the symbolic content of the media
shape political discourse? What are the cogni-
tive processes underlying the formation of
public opinion? What Is the role of Ideology?
How do Interpersonal processes Interact with
media content in shaping thinking about polti-
cal Issues?
P. H. Lemieux

17.72 Sol impact of Communlations
Systems (A)
Prereq.: -
G (1) Next ofered 117-11
3-0-9
Compares communioations systems of sode
Use dominated by mass media (as our own)
with both less developed and emerging new
systems. Examines communioations In devel-
oping countries. Open to qualified undergradu-
ates. Consult Department headquarters.

17.721 PolItical Culture (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Analyzes the psydvoloal and atudnal
bases of politics. Special emphasis on socil-
zation pattems, styles of politics, and elite op-
erational codes. Open to qualfied
undergraduates.
L. W Pye

17.73 ReadIng Seminar In
CommunlcatIons Reesarh (A)
Prereq.: Permission of Instructor
G3(1, 2)
3-0-9

Reading and disoussilon of special topics In
communioations research and policy analysis
by arrangement with individual staff members.
Consult: W. R. Neuman.

17,738 Communications Research
Practicum (A)
(Now)
Prersq.: Permission of Instructor
G(1,2)
3-6-3
Designed primarily for research assisiante
conducting studies of advanced oommunoa-
tions technologies at the Media Laboratory's
Audience Research facility.
W R. Neuman

17.740 Telecommunloations Technology
and Policy (A)
Prereq.: -
G3(1)
3-0-9

Basis In technology, law, and economics for
public and private telecommunications net-
works. Regulation of common carrers such as
AT&T, the Postal Service, and specialized car-
ders. Role of new technologies such as micro-
waves, satellites, Integrated digital networks,
computer communications, value-added ser-
vic, and cable TV. Issues of competition,
monopoly, and technical standards. Implc-
dons for the management of corporate to -
communicatons networks. Open to qualied
undergraduates. Consult Department
headquarters.

----------
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17.7481 Man Communlations Technology PollmetriCs/Models and
and Polly (A) Methods
(Same subject as 4.254J)
Prereq.: Permission of Instructor
G (2)
3-0-9
Assesses the relationship between changing
mmn communications technologies and the
policy Issues of press freedom, content diver-
sity, cross-media ownership, public access,
copyright, and the deregulation movement.
Examines the social Impact of the emergence
of printing and broadcasting and the effect of
satellite technology, cable television, video-
discs, videotex, and other new media on the
communications industry.
W R. Neuman, A. Lippman

17.744 international Communloations (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

includes the structure of the International tele-
communications systems, the way in which
agreements are reached through organizations
such as the ITU and Intelsat, controversial is-
sues about international broadcasting, orbit
and spectrum allocations, and trans-border
data networks. Examines telecommunications
Industry structure In Europe, Japan, Carada,
USSR, and developing countries.
R. M. T"er, C. M. Jonecher

17.748 Information and Communications
Industries (A)
Prereq.: Permission of Instructor
G (1)
Arr.

Analyzes past developments and future strate-
gles of industries providing Information and
communications systems and services Includ-
Ing computing, telecommunications, office au-
tomation, database services, and new media.
Reviews factors causing growth in Information
needs of the economy. Examines options for
business strategy and policy In the information
and communications industries.
C. M. Jonscher

See also 17.255, 17.257, 17.264, 17.814.

17.80 Debates and Arguments
Prereq.: -
U (2) Next ofered 1907-66
2-1-9

Examines the fallacies and logics of a variety
of recent liberal, radical, and conservative po-
litical arguments, Specific attention iven to
psychologics characteristic of I lical po-
litical arguments, democratic theory, Marxan
dialectical reasoning, and the structure of legal
debate. The laboratory Includes debating exer-
cises and logical and computerized analysis of
various political arguments.
H. R. Alker, Jr.

17.812 Qualitative Research Strategies (A)

Prereq.: Permission of Instructor
G (2)
2-2-8

Introduces a variety of qualitative research
strategies and methods appropriate for study-
ing organizations and bureaucracies, profes-
sions, social movements, and other
phenomena amenable to field research. Con-
siders the theory of comparative research and
methods Including the case study approach,
documentary analysis, Interviewing tech-
niques, participant observation, and evaluation
methodologies. Presents materials which illus-
trate sound use of such methods as well as
their limitations.
D. Metlay, M. Lipsky

17.614 Research Methods In Political
Behavior (A)

Prereq.: Permission of Instructor
G (2)
2-2-8

Basic principles of research methodology for
the testing and refinement of social science
theory In the areas of political behavior, politi-
cal sociology, social psychology, and commu-
nications. Includes survey design and
analysis, experimental research, content
analysis, and field research.
P. H. Lemleux

17.816 Pield Research Methods In
Comparative Politics and Political
Development (A)

Prereq.: Permission of Instructor
G (1)
2-2-8

Introduces a variety of approaches and meth-
ods for conducting research in Western Eu-
rope 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.
M. Weiner

17.ISJ Applied Social Research, Pubic
Policy, and the Soolal Sn
(Same subject as STS 440J)
Prereq.: -
G (1) Next offered 1967-4
3-0-9

Problems and possibilities in policy-oriented
social research. Historical and contemporary
case studies treat three questions: what does
applied social research contribute to policy
making; how scientific Is it; and do the natural
sciences offer useful models for the combining
of theory, fact, and application in the social
sciences?
P. Buck

17842 QuantItatIve Research In Political
Solence and Public Policy (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

An introduction to the application of elemen-
tary statistics to political analysis. A basic liter-
acy subject teaching the student how to read
and Interpret the quantitative literature In var-
ious subflelds of political science and public
policy. Students develop elementary statistical
computation skills and loam to use a statistical
computing package.
S. M. Meyer

17.848 Multivarlate Political Analysis (A)

Prereq.: Permission of Instructor
G (1)
2-2-8

Focus on multivarlate data analysis prooe-
dures emphasizing regression. Includes:
dummy variable regression, distributed lags,
and Instrumental variables, Students must
have taken at least one previous subject In
statistics. Open to qualified undergraduates.
P. H. Lemieux

17.48 Complex Models of Social
Systems (A)
Prereq.: Permission of Instructor
G (1) Next offered 1987-88
Arr.

Research seminar focuses on the communica-
tive content of social-political Interactions.
Grammatical approaches to the modeling of
social and political competence and perfor-
mance reviewed as well as data analysis pro-
cedures for uncovering linguistic codes and
messages. Discusses models from biological,
linguistic, logical, semiotical, and artificial Intel-
ligence traditions. Examples drawn from small
group, urban, national, and international
contexts.
H. R. Alker, Jr.
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17.110 Advanced Topic. in Statistical
Modeling (A)
Prereq.: 17.846
G (1) Next ofered 1987-8
3-0-6

Focus on selected topics in statistical model-
ing and data-based simulation, including:
ARIMA models, Intorvention analysis, analyti-
cal vs numerical techniques of dynamic analy-
si, nonlinear estimation methods.
Emphasizes political science applications.
Open to undergraduates by permission of
instructor.
P. Lemleux

See also 17.322, 17.488.

General

17UR Undergraduate Research
Prereq.: -
U (1, 2)
Arr.

Undergraduate research opportunities in Politi-
cal Science in theoretical and applied re-
search. For further Information contact the
Departmental Coordinator.
D. L. M. Blackmer

17.01 Independent Undergraduate
Research
Prereq.: -
U (1, 2)
Arr.

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. Ad-
mission by arrangement with individual faculty
member.
D. L. M. Blackmer

17.905-17.911 Reading Seminar in Social
Science
Prereq.: -
U (1, 2)
Arr.

Reading and discussion of special topics in
the fields of social science. Open to advanced
undergraduates by arrangement with Individual
staff members.
D. L. M. Blackmer

17.913 Pre-thesis Reading Seminar

Prereq.: -
U (1, 2)
3-0-6

Intensive reading on topics of interest to stu-
dents in preparation fdt senior thesis under
guidance of thesis supervisor. A written paper
required, forming a substantial part of the se-
nior thesis.
D. L. M. Blackmer

17.ThU Undergraduate Political Science
Thesis

Prereq.: -
U (1, 2)
Arr.

Program of undergraduate research leading to
the writing of an S.B. Thesis. To be arranged
by the student under approved supervision.
D. L. M. Blackmer

17.80-17.980 Reading Seminar In Social
Science (A)
Prereq.: Permission of Instructor
G (1, 2)
Arr.

Reading and discussion of special topics in
the fields of social science. Open to advanced
graduate students by arrangement with Indi-
vidual staff members.
D. L. M. Blackmer

17.ThG Graduate Political ScIence
Thesis (A)

Prereq.: Permission of Instructor
G (1, 2)
Arr.

Program of graduate research and writing of
thesis to be arranged by the student with
supervisiog committee.
D. L. M. Blackmer
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General Mathematics

18.UR Undegreduate Research
Prereq.: -
U (1, 2)
Arr.
Undergraduate research opportunities in Math-
ematis. Permission required In advance to
register for this subject. For further information
consult the Deparmental Coordinator.
0. A. Vogan, Staff

18,01 Calculus
Prereq.: -
U (1, 2)
5-0-7

offerentiation and integration of functions of
one variable, with applications. Concept of
function, limits, and continuity. Differentiation
rules, application to graphing, rates, approxl-
mations, and extremum prblems. Mea-value
theorem. Definite and Indefinite Integration.
Fundamental theorem of calculus. Applications
of integration to geometry and science. Ele-
mentary functions. Techniques of Integration.
Approximation of definite integrals, improper
Integrals, and l'Hopital'e rule.
D. A. Vogan

16.011 Calculus
Prereq.: Assumes some prior knowledge of
Calculus

5-0-7
Reviews 18.01 material in five weeks. Infinite
series. Taylor's formula. Probability. Vectors,
vector-valued functions of one variable, space
motion. Scalar functions of several variables,
partial differentiation, gradient, approximation
techniques. Information: D. A. Vogan

18.012 Calculus with Theory
Prereq.: -
U (1)
5-0-7
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 Rie-
mann Integral; limits, theorems on continuous
funtoions; derivatives of functions of one vad-
able; the fundamental theorems of calculus;
Taylor's theorem; Infnite series, power sedes,
rigorous treatment of the elementary functions.
J. R. Munkres

16.013 Calculus wIth Applications
(18.001)
Prereq.: Assumes some prior knowledge of
calculus
U (1)
5-0-7
Emphasizes the concepts and techniques of
calculus relevant to science and technology.
Mathematidal formulation of problems and ap-
proximate methods of solution. Substantal re-
view of limits and differentiation with
discussion of some advanced methods. Inten-
elve study of Integration; perturbation and iter-
ation procedures; stability; serds; summation
techniques; asymptots; numerical analysis;
vector algebra; special topics.
H. P. Greenepan

18.02 Calculus
Prereq.: 18.01 or 18.011 or 18.012 or 18.013
U (1, 2, 8)
5-0-7

Calculus of several variables. Vector algebra
in 3-space, determinants, matrices. Vector-val-
ued functions of one variable, space motion.
Scalar functions of several variables: partial
differentation, gradient, approximation tech-
niques. Multiple integrals with applications.
Vector fleids, Une and surface integrals, exact
differentials, Green's theorem, Divergence
Theorem, Stokes' Theorem. Additional topics:
linear algebra (term 1); infinite series (term 2).
Term 1: H. Rogr, Jr.
Term 2: 8. Helaon

18.021 Calculus
Prereq.: 18.011
U (2)
5-0-7

Continues 18.011: calculus of several vad-
ables, with elementary linear algebra and ap-
ploations. Vector felds, ine Integrals, exact
differentials. Elementary linear algebra, Jaco-
blans. Green's Theorem, surface integrals,
Divergence Theorem, Stokes' Theorem. Per-
mission of Instructor required for those not
having 18.011. Information: D. A. Vogan

16.022 Calculus with Theory
Prereq.: 18.012
U (2)
5-0-7

Continues 18.012. Parallel to 18.02, but at a
deeper level, emphasizing careful reasoning
and understanding of proofs. Considerable
emphasis on linear algebra and vector Integral
calculus.
J. R. Munktee

18.023 Calculus with Applications
(16.002)
Prereq.: 18.013 or 18.01 or 18.011 or 18.012
U (1, 2)
5-0-7
Continues 18.013, Presents the concepts and
techniques of calculus relevant to science.
Vector algebra, analytic geometry, planetary
motion, orbit stability, partial differentiation,
functions of several variables, Taylor sedes,
extremal problems, inear programming exam-
ples, numerical methods, multiple integrals,
Approximate and asymptotic methods of eval-
ustion, applications; vector calculus, gradient,
cud, theorems of Stokes, Green & Gauss,
conservation laws, fluid motion.
0. J. Benney

16.03 Differential Equations
Prereq.: 18.002 or 18.02 or 18.021 or 18.022
U (1, 2, 8) SD
4-0-8
Examples of initial value problems in science
and engineering associated with single equa-
tions and with systems of first order equations.
Methods of solution include graphical con-
structions, series, Laplace transforms, ma-
trices, numerical integration and the phase
plane. Emphasizes formulation of natural phe-
nomens in terms of differential equations and
Interpretation of the solutions.
Term 1: F. oga, Staff
Term 2: G-C. ola, StaN

18.04 Complex Varlable with Appliations
Prereq.: 18.03
U (1,2, 5)
4-0-8

Complex algebra and functions; analyticity;
contour integration, Cauchy's theorem; singu-
laritles, 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 bbth be taken for credit.
Term 1: A. Toomr.
Term 2: L. N. Tretsehen
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106 Introduto~n to ProbabIlity and

-f~ie Uldt)
Prereq.: 18.001 or 18.01 or 18.011 or 18.012
or 18.013
U (1, 2) SD
4-04
Elementary Introduction, with applications to
the social, physical, and life sciences. Relative
frequency. Probability models. Combinatodcs.
Binomial and Polsson experiments. Normal
approximation. Descriptive level of signifi-
cance. Composite models. Chi-square approx-
imation. Contingency tables. Hypothesis
testing. Confidence regions. Random vari-
ables. Non-parametric methods. Normal distri-
bution methods. Regression. Elements of
decision theory.
Term 1: R. M. Dudley
Term 2: N. Lange

16.057 Computer Data Analysis Laboratory
(A except XVIII)
Prereq.: 18.05 or 15.061
U (2) 0 (2) Next offered 18746
3-2-7

Methods of data analysis using computers and
microcomputers. Introduction to and practice
with the most frequently encountered statisti-
cal software systeme including MINITAB, SAS,
and BMDP. Statistical analyses using Project
Athena microcomputers. Emphasizes intuitive
bases of common statistical procedures and
the use of interactive computer packages to
analyze a wide variety of data sets. No pre-
vlous programming experience necessary.
Some statistics background necessary. Infor-
mation: R. M. Dudley

10.08 Unear Algebra
Prereq.: 18.002 or 18.02 or 18.021 or 18.022
U (1,2, 8) SD
3-0-9
Basic subject on matrix theory and linear alge-
bra, emphasizing topics useful In other disci-
plInes: systems of equations, vector spaces,
determinants, elgenvalues, similarity, positive
definite matrices. Applications to Gauss elimI-
nation with pivoting, least squares approxima-
tions, stability of differential equations, linear
programming, and game theory. Compared
with 18.710, more emphasis on matrix calcula-
tions and applications.
G. Strang, Staff

18.063 Introduction to Algebraic Systems
Prereq.: 18.02 or 18.002 or 18.021 or 18.022
U (1) SD

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. Maftuck

11.075 Advanoed Calculus for Engineere
(A except I, VI, VII, XI, XII, XVI, XVIII, XXII)
Prereq.: 18.03
G (1,2, S)
3-0-9

Functions of a complex variable; calculus of
residues. Ordinary differential equations; Inte-
gration by power series; Bessel and Legendre
functions. Expansion in series of orthogonal
functions, including Fourier sedes. 18.075 and
18.04 may not both be taken for credit, Infor-
mation: D. A. Vogan

18.076 Advanced Caloulue for EngIneers
(A exoept 1I, VI, XVI, XVIII, XXII)
Prereq.: 18.075
G (1, 2, S)
3-0-9

Vector analysis: orthogonal curvilinear coordi-
nates. Calculus of variations. Solution of
classical partial differential equations of math-
ematical physics, Including applications of
conformal mapping and the Laplace trans-
formation. Information: D. A. Vogan

18.085 Mathematical Methods for
Engineers I (A)
Prereq.: 18.03
G (1, 2)
3-0-9

Review of linear algebra, applications to net-
works, structures, and estimation, Lagrange
multipliers, differential equations of equilibrium,
Laplace's equation and potential flow, bound-
ary value problems, minimum principles and
calculus of variations, Fourier series, trans-
forms, convolution, complex vadiables, finite
difference methods for partial differential
equations.
G. Strang, Staff

18.086 Mathematical Methods for
Engineers 11 (A)
Prereq.: 18.03
G (1, 2)
3-0-9

Scientific computing: Fast Fourier Transform,
finite differences and stability, finite elements,
spectral method, numerical linear algebra. Ini-
tial-value problems: stability or chaos in ordi-
nary differential equations, wave equation vs
heat equation, conservation laws and shocks,
dissipation and dispersion. Optimization: net-
work flows, linear programrdwng (including Kar-
markars method), duality, nonlinear problems.
Tearm: 1 N. Trefet hen
Term: 2 A. Toomis

18.08 Review of Mathematics

Prereq.: -
G (S)
Arr.

Reviews calculus and differential equations.
Primarily for students in Course XIII-A. Degree
credit allowed only In special circumstances.
D. A. Vogan

18.088 TutorIng in Mathematios
Prsreq.: 18.002 or 18.02 or 18.021 or 18.022
U (1, 2)
Arr.

For undergraduates who are teaching mathe-
matics recitation. Umited enrollment, based on
positions available. Permission must be se-
cured In advance to register for this subject,
D. A. Vogmn

18.0W6 Independent Activities

Prereq.: -
U (1, J, 2)
Arr.

For undergraduates desIring credit for studles
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.
J. R. Munkrea
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Analysis

16.100 Analysis I (A except XVIII)
Prereq.: 18.03
U (1, 2) 0 (1, 2)
3-0-9

Two options offered, both covering fundamen-
tals of mathematice! analysis: convergence of
sequences and sed"e, continuity, differentia-
bility, Rlemann integral, sequences and series
of functions, uniformity, interchange of limit
operations. Both options show the utility of ab-
stract concepts and teach understanding and
construction of proofs. Option A chooses les
abstract definitions and proofs, and gives ap-
plications where possible. Option B is more
abstract and is for students with more mathe-
matical maturity; places greater emphasis on
point-set topology. Information: D. A. Vogan

10.101 AnalysIs 1 (A except XVIII)

Prereq.: 18.100, 18.701 or 18.710
U (1) G (1)
3-0-9

Continues 18.100, stressing the topics most
useful in the study of manifolds and global
analysis: differentiable maps, Jacoblans, dif-
ferentials, inverse and Implicit function theo-
rems, n-dimensional Riemann integral, change
of variables in multiple integration, differential
forms, general version of Stokes' theorem.
A. Sanchar-CaII

18.102 Analysis 11 (A except XVIII)

Prereq.: 18.100
G (2) Not to be offered 1987-4
3-0-9

Continues 18.100, in the direction of modem
integration theory and Its applications. Le-
besgue integration In Euclidean space. Its ap-
plications to Fourier analysis, including the
Riesz-Fischer theorem. Brief introduction to
functional analysis. information: D. A. Vogan

1.103 Fourier Analysis - Theory and
Applications (A except XVIII)

Prereq.: 18.100
G (1) Next offered 198748
3-0-9

Continues 18.100. Roughly half the subject
devoted to the theory of the Lebesgue Integral
and half to Fourier series and Fourier inte-
grals. 18.103 is an aitemative to 18.102; the
material is somewhat similar, but it differs from
18.102 in that a heavy stress is paid to appli-
cations, particularly applications in probability
theory.
V. W Gullemnin

18.104 Seminar in Analysis
Prereq.: 18.100
U (1)
3-0-9

Seminars for mathematics majors in several
topics, each under the direction of a faculty
member whose special interest is in the field
of the seminar. Students report on and dis-
cuss topics taken from current joumals or from
texts not regularly used in other mathematics
subjects. Certain topics may require an addl-
tional prerequisite.
0. W Stroock

10.115 Functions of a Complex Variable (A)
Prereq.: 18.100
G (1)
3-0-9

Exponential and trigonometric functions, Cau-
chy Integral formula, holomQrphic and mero-
morphic functions. infinite series and products,
the gamma function. Harmonic functions, con-
formal mapping, Dirichlet's problem.
H. M. Stark

18.116 Topics In Complex Variables (A)

Prereq.: 18.115
G (2) Next offered 198748
3-0-9

Topics vary from year to year: may be re-
peated for credit. Topics in the past: classical
theory of automorphic functions; modular
forms; Rlemann surfaces; analytic number
theory. Emphasizes as elementary an exposI-
tion as possible. Information: R. B. Melrose

16.117 Topics In Several Complex
Variables (A)
Prereq.: 18.115, 18.125
G (1) Next offered 196748
3-0-9

Cauchy integral formula In polydiscs. Domains
of holomorphy, pseudoconvexity and plurisub-
harmonic functions. Existence and approxima-
tion theorems for holomorphic functions via L-
estimates for the 8-operator. Domains of holo-
morphy. 8-Neumann problem. Information:
R. B. Melrose

18.126 Lebesgue Integration (A)
(Revised Content)
Prereq.: 18.100
G (1)
3-0-9

Lebesgue integration with emphasis on applil-
cations to harmonic and functional analysis on
Euclidean spaces. Hilbert space, Fourier
transform, integral operators, elementary dif-
ferentiation theory, Introduction to Sobolev
spaces.
D. W. Stroock

15.12K Punctional Analyst. (A)
Prereq.: 18.125
G (2)
3-0-9
General theory of Hibert, Banach, and
Frechet spaces. Examples, Including Sobolev
space, LP, and Schwartz class. The Fourier
transform. Soundedness and compactness of
operators. Spectral theory for self-adjoint oper-
ators. Applications to linear partial differential
equations.
0. S. Jerlson

16.128 Geometrio Measure Theory (A)
Prereq.: 18.125
G (2) Next offered 197-46
3-0-9
Hausdorff measure, rectifiable sets, structure
theory, integral currents, compactness theo-
rem. Applications to minimal surfaces, exis-
tnce and regularity. Reports and discussions
by students.
F. Morgan

15.136 Geometric Analysis (A)
Prereq.: 18.125
G (2) Next offeted 19874
3-0-9

Harmonic analysis on R". Spherical harmon-
ics. Non-Euclidean Fourier analysis. Paley-
WIener type theorems, group-theoretic poten-
tial theory. Elgenfunctions, entire functionals
and hyperfunctions. Radon transform. and
applications.
S. Heigaeon

18.137 Harmonic Analysis (A)

Prereq.: 18.155
G (2) Next offered 198748
3-0-9
Applications of Fourier analysis to partial dif-
ferential equations. Estimates In LP, SMO, and
other spaces for singular integral operators
and Fourier multipliers. Applications to exis-
tence and uniqueness of solutions of nonlinear
partial differential equations and linear partial
differential equations with borderline smooth-
noes. Exotic pseudodifferential operators.
D. S. Jeorlon

18.152 Introduction to Differential
Equations
(Now)
Prereq.: 18.100
U (1)
3-0-9

Cauchy problem for ordinary differential equa-
tions. Integration of vector fields in the plane.
The wave equation and Riemann function. Dir-
Ichlet problem for Laplace's operator.
R. a. Melrose
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18.155 Distributions and Differential
Equations (A)
Prereq.: 18.102
G (1)
3-0-9
Treats the basic theory of distributions with
many applications to linear ordinary, and par-
tal, differential equations: Distributions and el-
ementary operations, Green's formula, wave
operators. Fourier transform, temperate distri-
butions, Sobolev spaces and constant coeffi-
cdent elliptic operators. Convolution,
fundamental solutions and the Malgrange-
Ehrenpreis theorem.
S. Helgason

18.156 introduction to Mlcrolocal
Analysis (A)

Prereq.: 18.155, 18.965
G (1) Not to be offered 1987-88
3-0-9
Examines singularities of distributions. Distri-
butions singular across a submanifold, singu-
lar points of ordinary differential equations,
non-characteristic boundary value problems.
Pseudodifferential operators, regularity of ellip-
tic differential operators, wavefront set and mi-
crodistributions. Darboux's theorem. Hamilton-
Jacobi theory, the Maslov bundle. Lagranglan
distributions, Fourier integral operators and the
Cauchy problem for hyperbolic equations.
R. B. Melrose

18.157 Partial Differential Equations (A)

Prereq.: 18.155, 18.15P,
G(2) Next offered 196746
3-0-9
Examines general classes of operators and
problems in the theory of linear partial differ-
ential operators. Boundary value problems for
elliptic operators, hypoelliptic operators with
double characteristics. Operators of real prin-
cipal type. Uniqueness for the Cauchy prob-
lem. Spectral theory.
R. B. Melrose

18.1568 Topics in Differential Equations (A)

Prereq.: 18.125
G (2) Not to be offered 1987-88
3-0-9

Content varies from year to year; may be re-
peated for credit. Topics: Nonlinear hyperbolic
equations, propagation of singularities, and In-
teraction of nonlinear waves. Information:
R. B. Melrose

18,159 Nonlinear Functional Analysis (A)

Prereq.: 18.103 or 18.125
G (1) Next offered 1907-8
3-0-9

Introduction to general nonlinear functional
analysis (Sobolev spaces, convex analysis,
Mountain pass lemma, etc.) with applications
to geometry and physics: 1)Variational prob-
lems Involving lack of compactness; Yamabe's
and Rellich's conjectures; Large harmonic
maps. 2)Nonlinear elliptic and parabolic equa-
tions; Isolated singularities; the Thomas-Fermi
equation. 3)Periodic solutions for nonlinear
wave equations. Information: R. 8. Melrose

18.168 Analysis on Lie Groups and
Homogeneous Spaces (A)
Prereq.: 11.755
0 (2) Next offered 156748
3-0-9

Invariant measures and abstract Integral ge-
ometry Illustrated by examples. Invariant
differential operators and geometric transfor-
mations of these, like projections, radial parts
and transversal parts. Global and local solv-
ability, Integral formulas for elgenfunctions and
irreducibility questions for elgenspace
representations.
S. Helgason

18.175 Theory of Probability (A)
Prereq.: 18.125
G (2)
3-0-9

Ergodic theorems, laws of large numbers,
convergence of probability measures, central
ilmit theorems, stochastic processes, Brownian
motion, martingales, strong Markov properties.
R. M. Dudley

18.177 Stochastic Processes (A)

Prereq.: 18. 175
G (1, 2) Next offered 156746
3-0-9

Topics in stochastic processes, such as Gaus-
sian, Markov, diffusion and empirical pro-
cesses. Content varies from year to year; may
be repeated for credit. Information: R. M.
Dudley

18.199 Graduate Analysis Seminar (A)
Prereq.: Permission of Instructor
G (2)
3-0-21
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 (A)
(New)

Prereq.: Permission of Instructor
G (1, 2)
3-0-9
Topics vary from year to year; may be re-
peated for credit. Topic for 1986-87: String
theory for mathematicians.
I. M. Singer

18.255 Mathematical Theory of Quantum
Fields (A)

Prereq.: 18.101 or 8.022
G (2) Next offered 198748
3-0-9

Free quantum fields; their particle and func-
tional integration representations. Unitary Im-
plementability of canonical transformations,
C*-algebraic methods. Quantization of invar-
iant wave equations in Minkowski and altema-
tive space-times. Npnlinear local functions of
fields; Wick products. Introduction to construc-
tive quantum field theory.
1. E. Segal

16.267 The Architeoture of Fundamental
Mathematical Physios (A)
Prereq.: Permission of Instructor
G (1)
3-0-9

Overview of basic theory from a modem math-
ematical standpoint. Formulations are rigor-
ous, but details and proofs are largely omitted.
Quantum mechanics and field theory, general
concepts of space-time, global theory of non-
linear wave equations and-their interrelations.
For mathematicians or physicists of the matu-
rity normally represented by grpduate
standing.
I. E. Segal

18.284 Introduction to Functions of a
Complex Variable (A except XVIII)
Prereq.: 18.03
G (1)
3-0-9
Complex numbers, analytic functions,
Rlemann surfaces for certain functions, Cau-
chy's theorem, singularItles, residues, contour
Integrals, conformal mapping. Schwarz-
Christoffel transformation, series and se-
quences, analytic continuation, harmonic func-
tions, conjugate functions, the gamma
function. More advanced than 18.04.
R. P. Stanley

18.295 General Relativity (A)

Prereq.: 18.06, 8.08, 8.312
G0(2) Next offered 1987-88
3-0-9

The physical background and mathematical
formulation of the general theory of relativity.
Includes tensor calculus, differential forms,
and Riemannian geometry
N. P. Warner
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Applied Mathematics

16.301 Introduction to Physical
Mathematle I
Prereq.: 18.03
U (1)
3-0-9
interdependence of mathematics and scientific
problems, examples; deterministic and random
processes; particle mechanics and differential
equations, Brownian motion and random walk;
Fourier analysis; tensors; partial differential
equations of mathematical physics and contin-
uum mechanics. Knowledge of 18.04
recommended.
C. C. Un

16.302 introduction to Physical
Mathematics ii
Prereq.: 18.301, 18.04 or 18.284
U (2)
3-0-9

Partial differential equations of mathematical
physics, classification and solution of bound-
ary-value problems, method of separation of
variables. Sturm-Uouville problems, Fourier in-
tegrals, Integral transforms. Bessel functions
and other special functions. Applications of
calculus of variations. A knowledge of complex
variables desirable but not essential.
C. F. Pearson

16.305 Methods of Applied
Mathematics I (A)

Prereq.: 18.04 or 18.075 or 18.284 or 1.8.302
G (1)
3-0-9

18.306 Methods of Applied
Mathematics 11 (A)
Prereq.: 18.04 or 18.075 or 18.284 or 18.302
G (2)
3-0-9

A comprehensive treatment of the advanced
methods of applied mathematics. Term 1:
asymptotic behavior of differential and differ-
ence equations; asymptotic evaluation of inte-
grals; regular and singular perturbation
methods; boundary-layer techniques; WKB
method; multiple scales. Term 2: partial differ-
ential equations; transform methods; charac-
toristics, initial and boundary-value problems;
Green's functions; singular perturbation prob-
lems; nonlinear wave propagation.
18.305: A. Toomre
18.308:8. L. Zaleaki

18.307 Methods of Applied
Mathematics Ill (A)
Prereq.: 18.04 or 18.075 or 18.284 Tr 18.302
G (1)
3-0-9

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 inte-
gral equations; group theory.
H. Cheng

10.308 Wave Motion (A)
(Revised Content)
Prereq.: Permission of instructor
G (2)
3-0-9

Combustion theory and hyperbolic systems.
Nonlinear waves in reacting and compressible
media: characteristics, shocks, shock reflec-
tions and Interactions, nonlinear resonant In-
teractions of acoustical and entropy/vorticity
waves. Structure and stability of detonation
waves and flames, bifurcation phenomena:
spinning and "galloping" detonations, Mach
Stems, cellular flames. High-frequency waves
In reacting compressible media, hot spots, ini-
tiation and transition phenomena. May be re-
peated for credit by permission of Instructor.
R. R. Rosales

18.310 Principles of Applied Mathematics

Prereq.: 18.002 or 18.02 or 18.021 or 18.022
U (1)
3-0-9
Introductory survey of fundamental concepts in
applied mathematics: optimization, random
process, coding, computer algorithms. This in-
dependent half of the complete sequence em-
phasizes the Ideas and topics that relate to a
"discrete" mathematical approach: computa-
tion, combinatorics, probability, linear
programming.
D. J. Kieltman

18.311 Principles of Applied Mathematica

Prereq.: 18.03
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, but connection with
discrete mathematical approach also stressed:
random walk, diffusion, waves, Instabilities,
characteristics and first order partial differential
equations, with applications to traffic problems,
fluid flow, and other problems in classical
mathematical physics.
R. R. Roules

18.313 Probability
Prereq.: 18.002 or 18.02 or 18.021 or 18.022
U (2) SD
4-0-8

Development of theory and applications of
probabilistic concepts for scientists and engi-
neers. Emphasizes formulation and solution of
probabilistic problems by the algebra of ran-
dom variables. Topics: sample space, Ber-
noulli 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.
G-C. Rota

18.314 Applied CombinatorIal Analysis
Prereq.: 18.001 or 18.01 or 18.011 or 18.012
or 18.013 -

U (1)
3-0-9

Applications of combinatorial methods to prac-
tical problem solving. Emphasizes problems
Involving discrete optimization. Techniques
from graph theory, matching theory, network
flows. Other topics include enumeration, sort-
Ing and coding.
M. D. Halman

18.315 Combinatorial Theory (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Content varies from year to year; may be re-
peated for credit. Topics In the past have in-
ciuded: enumeration, generating functions,
partially ordered sets, Mabius functions, Inci-
dence geometries matrolds, matching theory,
Ramsey theory, graphs.
G-C. Rota

18.316 Seminar in Combinatorios (A)
Prereq.: Permission of Instructor
G (2)
3-0-9
Content varies from year to year; may be re-
peated for credit. Readings from current re-
search papers in combinatorics. Topic to be
chosen and presented by the class.
D. J. Kleltman

16.318 Topics in Combinatorios (A)

Prereq.: Permission of Instructor
G (2)
3-0-9

Content varies from year to year; may be re-
peated for credit. Topic 1988-87: Symmetric
functions with applications to representation
theory.
R. P. Stanley
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16,328 Topos In Applied Mathematios (A)
Prereq.: Permission of Instructor
G(1,2)
3-0-0 -
Term 1: Linear and nonlinear waves and Insta-
blifty theories. Emphasis on topics of current
research Interest. Term 2: Dynamical systems,
strange attractors, and chaos. Normal forms.
Lorenz, Van der Pol equations. Hyperbolic In-
variant sets, horseshoes, stable and unstable
manifolds. Measure and ergodic theory. En-
tropy, Uapunov exponents. Applications to
maps, nonlinear differential equations.
Term 1: D. J. Bonney
Term 2: S. L. ZuleeWk

18.330 Introduction to Numerical Analysis
Prereq.: 18.03
U (2)
3-0-9

Introduces basic techniques for efficient solu-
tion of numerical problems In science and on-
gineering. Root finding, Integration, function
approximations, differential equations, direct
and Iterative methods In matrix theory, optimi-
zation with constraints, analysis of numerical
stability. .
M. Trummer

16.335 Numerical Methods of Applied
Mathematlos I (A)
Prsreq.: 18.06
G (1)
3-0-9

1M NumerIal Methods of Applied
Mathematics 11 (A)

Prereq.: 18.302
G (2)
3-0-9

Advanced introduction to theory and applica-
tion of numerical methods. Term 1: numerical
linear algebra, Including solution of linear sys-
tems of equations, least-squares computa-
tions, elgenvalue computations, and iterative
methods (classical, conjugate gradient, and
Lanczos). Term 2: numerical solution of differ-
ential equations, especially of time-dependent
partial differential equations by finite-difference
and spectral methods, together with the asso-
ciated theory of accuracy, stability, and
convergence.
18.335: M. Trummer
18.336: L. N. Trefethen

18.314 Fluid Mechanlos
Prereq.: 18.04 or 18.075 or 18.302
U (1)
3-0-9

IS.M Fluid Mechanics (A)

Prereq.: 18.3.4
G0(2)
3-0-9
A study of the basic concepts of fluid dynam-
Ics: conservation laws of mass, momentum,
and energy; equation of state; vorticity and cir-
culation theorems; boundary layer theory; In-
stability and transition; waves; compressible
flows and shocks; convection. Multiphase
fluids, and other selected topics of current re-
search Interest.
18.354: 0. J. Benney
18.355: C. F. Pearson

18.356 Rotating Fluids (A)

Prereq.: 18.305, 18.354
0 (2)
3-0-9
General theory of rotating fluids; transient
flows; effects of viscosity, stratification, and
compressibility; wave motion; nonlinear Inter-
actions; stability theory and the advent of
aperiodcty; application to laboratory, astro-
physical, and geophysical problems.
W V. R. Malkus

18.357 Seminar In Fluid Dynamics (A)

Prereq.: 18.354
G (1)
3-0-9

Frontiers of nonlinear stability theory. Bifurca-
tion in dynamical systems and the onset of
chaos. Extension to fluid and magnetofluld
systems with applications In geophysics and
astrophysics. Students report on current pa-
pers and/or approved projects.
W V. R. Malkus

18.358 Hydrodynamic Stability and
Turbulence (A)

Prereq.: 18.354
G (2) Next offlored 1987-88
3-0-9

Linear stability theory of Incompressible and
compressible flows. Nonlinear stability theory;
modes of transition, the advent of aperiodicity.
Upper bound and statistical theories of turbu-
lence. Statistical stability and the turbulent
transport of heat and momentum. Properties
of convection and shear turbulence. .
W V. R. Malkus

18.395 Group Theory with Applialtions to
Physics (A)
Prereq.: 18.302 or 18.305 or 8.321
G (1) Not to be ofered 198746
3-0-9
Selection of topics from the theory of finite
groups, Ue groups, and group representations
presented with some applications to quantum
mechanics and particle physics.
D. Z. Freedman

18.396 TopIcs In Theoretical Physics (A)
Prereq.: 8.323
G (2)
3-0-9
A survey of quantum field theories with special
emphasis on non-Abelian gauge field theories.
Quantization. Path Integration. Fields. Symme-
try principles. Feynman rules.
Renormalization.
H. Cheng

18.375 Stellar Dynamics and Galaxles (A)

Prereq.: 8.06, 18.076, or 18.302
G (2) Next offered 1987-88
3-0-9

Types and composition of galaxies, spiral arm
and star formation. Dynamics of stellar sys-
tems and self-gravitating gaseous syqteme
Gravitational instability, density waves, disper-
sIon relationship, resonances, self-excited spi-
ral modes. Shock waves and star formation.
Global modes, dynamical mechanisms for
their excitation and maintenance. Simulation of
real galaxies.
C-C. Lin
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Theoretical Computer
Science

18.400J Automata, Computability, and
Complexity
(Revised Unit)

(Same subject as 6.045J)
Prereq.: 18.063 or 18.310
U (1, 2)
40-8

See description under subject 6.045J.
A. R. Meyer

18404J Theory of Computation
(A except XVIII)
(Same subject as 8.840J)
Prereq.: 18.063 or 18.310
U (1)
3-0-9

A,more extensive and theoretical treatment of
the material in 6.045J/18.400J emphasizing
computability, computational complexity, and
mathematical logic. Reducibility, degrees of
unsolvability, Kolmogorov complexity. Time
and space measures on computation, efficient
reducibility, complete problems. Decidable, un-
decidable, and inherently complex logical
theories.
D. B. Shmoys

10.405J Advanced Complexity Theory (A)

(Same subject as 6.841J)
Prereq.: 6.840J/18.404J
G (2)
3-0-9

Current research topics in computational com-
plexity theory. Nondeterministic, altemating,
probabilistic, and parallel computation models.
Boolean circuits. Complexity classes and com-
plete sets. The polynomial-time hierarchy.
RelativIzation. Definitions of randomness. Ap-
proaches to the P ?NP and related
questions.
M. Sipser

18.410J Introduction to Algorithms
(Revised Units)

(Same subject as 6.046J)
Prereq.: 6.001, 18.063 or 18.310
U (1)
4-0-8

See description under subject 6.046J.
C. E. Leiserson, B. Awerbuch

18.414J Theory of Algorithms (A except
XVIII)

(Same subject as 6.851J)
Prereq.: 18.06 or 18.710, 18.063 or 18.310
U (2)
3-0-9

Techniques for design and analysis of algo-
rithms, emphasizing mathematical methods
and proofs. Proof-oriented version of 6.046J/
18.41W. Topics: Data structures, sorting, se-
lection, hashing. Solving recurrences. Upper
and lower bounds. Dynamic programming. Di-
vide and conquer. Graph algorithms: spanning

trees, matching, shortest paths, max flow. Ma-
trix operations. Fast Fourier transform. Integer
and polynomial arithmetic. Permutation group
membership. Primality testing. Linear pro-
gramming. Parallel algorithms.
L. Heath

18.415J Advanced Algorithms (A)

(Same subject as 6.854J)
Prereq.: 6.851J/18.414J
G (1)
3-0-9

Continuation of 6.851J/18.414J, emphasizing
fundamental algorithms and advanced meth-
ods of algorithmic design and analysis. Topics:
Linear programming. Mastoid algorithms, max-
Imum matching. Basis reduction, integer pro-
gramming, polynomial factorization,
diophantine approximation. Cryptography and
randomness. Distributed algorithms, Byzantine
Generals. Parallel algorithms and VLSI com-
putation, universal simulations, area-time
trade-offs. Computational geometry. Probabi-
listic analysis of algorithms. Advanced data
structures.
R. L. Rivest

18.419 TopIcs in Algorithms and
Complexity Theory (A)

Prereq.: Permission of Instructor
3(2)
3-0-9
A seminar on advanced topics in algorithms
and complexity. Current literature presented
by students and instructors with a view toward
preparing students for research in theory of al-
gorithms and complexity. May be repeated for
credit.
F. T. Leighton

18.421J Algorithmic Algebra and Number
Theory

(Same subject as 6.047J)
Prereq.: 18.06 or 18.710, 18. 063 or 18.310 or
18.703
U (2)
3-0-9

Emphasis on constructing efficient algorithms
for classical problems in algebra and number
theory. Integer and polynomial GCD computa-
tion, modular arithmetic, chinese remainder
theorem, Jacobi symbol computation, primality
testing, extracting square roots mod primes,
Integral lattices, factorization of polynomials
over the rationals, simultaneous diophantine
approximations, solving binary quadratic and
cubic modular equations, application to public-
key cryptography.
H. Rogers, Jr.

18.423J Computability, Programming, and
Logic
(Now)
(Same subject as 6.044J)
Prereq.: 18.063 or 18.310
UY)
3- -9.

See description under subject 6.044J.
A. R. Meyer

18,425J Cryptography and
Cryptanalysis (A)
(Same subject as 6.875J)
Prereq.: 6.048J/1 8.410J or 6.851J/1 8.414J or
6.047J/1 8.421J
G (2)
3-0-9

See description under subject 6.875J.
S. Goldwasser

18.426J Advanced Topics in
Cryptography (A)
(Same subject as 6.876J)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 6.876J.
S. Micaly

18.427J Program Semantics and
Verification (A)

(Same subject as 6.830J)
Prereq.: 6.821, 6.044J/18.423J or 6.045J/
18.400J or 6.840J/18.404J
G (1) Not to be offered 1987-4
3-0-9

See description under subject 6.830J.
A. R. Meyer

18.429J Algebraic Manipulation (A)

(Same subject as 6.856J)
Prereq.: 6.821, 18.063 or 18.310
G (2) Next offered 1987-8
3-0-9

See description under subject 6.856J.
R. E. Zippel

18.431J Graph Algorithms

(Same subject as 6.048J)
Prereq.: 18.063 or 18.310 or 18.314
U (1) Not to be offered 1987-8
3-0-9

Emphasizes the design of efficient algorithms
for graph theoretic problems. Includes fast al-
gorithms for: Shortest-paths problems, mini-
mum spanning trees, depth-first search and
graph decompositions, network flow algo-
rithms, networks with upper and lower bounds,
vertex and edge connectivity, maximum cardi-
nality matchings, maximum weight matchings,
planarity testing, distributed graph algorithms.
Altemate years.
B. Awerbuch

18.433 Combinatorial Optimization and
Linear Programming
(New)

Prereq.: 18.06 or 18.710, 18.310
U (2)
3-0-9
A thorough treatment of linear programming
theory, Dantzig's Simplex method, and duality
theory. Linear Programming applications to
game theory, approximation algorithms, and
NP-complete problems. Assignment problem,
transportation problem, and min-cost network
flow problem. Ellipsoid method and its implica-
tions for combinatorial optimization. Integer
programming.
D. B. Shmoys
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i643 Thoy of Parael and VLSI
O!wnrUtm (A),
(Re Oontet)
=Sam subject as 6.484)

6.046J/18.410J or 6.851J/18.414J

3.0-9
Introduces parallel computaton and very large
scale integration. Design and analysis of sys-
tono algorthms for routing, soitng, arithmetic,
and graph problems on arrays, trees, hyper-
cubes, and other fixed-connectdon networks.
Network transformatons, broadcast sImulatIon,
redming. Mathematical models of hardware.
Lower bounds, P-oompleteness, area-Ims
trade-offs. Layout, placement, routing. 30
models, volume/area universal networks, fat-
trees.
F. T. Leghton, C. E. Mrson

18A68J Advanced Parallel and VLSI
Computation (A)
(Now)
(Same subject as 6.849J)
Prereq.: 18.435J/8.84&J
G (2)
3-0-9
Advanced topics In theory of parallel computa-
tion and very large scale Integration. Algo-
rthms for arithmetic, linear algebra, and graph
problems. AKS, onlumnsort, and universality.
Wire routing, compaction, and wafer-scale In-
tegration. Fault tolerance and testing. Ad-
vanced retiming. Current research topics.
F. T. Leghton, C. E. Leleerson

18.437J DistrIbuted AlgorIthms (A)
(Same subject as 6.852J)
Prereq.: Permission of Instructor
0 (1) Not to be oflered 1067-U11
3-0-9

See description under subject 6.852J.
N. Lynch

18.436 DistrIbuted Graph Algorithms (A)
(NOW)
Prereq.: 18.410J/6.046J
G (2)
3-0-9
Design and analysis of efficient distributed al-
gorthms In communication networks. Models
of communIcation networks. Complexty mea-
sures for distributed algorIthms. Network syn-
chronization protocols. Tradeoffs among
communication, time, and memory. Leader
election. Graph problems In networks: mIni-
mum spanning tree. BFS, max-flow, DFS,
shortest path, planar separator, etc. UnIdIrec-
tional networks. Detection and resolution of
deadlocks. Protocols In dynamic networks:
routing, broadcast, resynch.
B. Awerbuch

Applied Mathematics:
Statistics

18.440 Probability and Random VarIables
Prereq.: 18.02 or 18.021 or 18.022 or 18.023
U (1, 2) SD
4-0-8

Topics In applications. Probability spaces, ran-
dom variables, distribution functions, expected
value. Binomial, geometric, hypergeometric,
PoIsson distributions. Uniform, exponential,
normal, gamma and beta distdibutions. Mean,
variance, moments and generating functions.
Conditional probability, Bayes theorem, joint
distributions, and distributions of transformed
random variables. Tchobychev Inequality, law
of large numbers and central limit theorem.
Multvarlate normal distribution, covarlances
and correlation. Applications to statistics and
decision theory.
Term 1: C. F. Pearson
Term 2: R. M. Dudley

18.441 StatIstIcal Inference
(A except XVIII)

Prereq.: 6.041 or 18.440 or 18.313
U (2), G (2)
4-0-8

Introduces statistical Inference. Decision the-
ory, hypothesis testing, point and Interval est-
mation. BayesIan methods, maximum-
likelihood and likelIhood-ratio tests. Chi-square
goodness of fit tests. Comparison of popula-
tions by parametric and nonparametrdc meth-
ods. Analysis of variance, regression, and
correlation. Sequential analysis If time permits.
Treatment more mathematical than that of
18.05 and more detailed In its treatment of
statistics.
N. Lange

18.443 Statistics for Applications
(A except XVIII)
Prureq.: 18.440 or 18.313 or 6.041
G'(1)
4-0-8

A broad treatment of statistics concentrating
on specific statistical techniques used In scI-
ence and Industry. Topics: hypothesis testing
and estimation. Chi-square goodness of fit,
regression, correlation, analysis of variance
and experimental design. Treatment more orl-
ented toward application and les toward
theory than 18.441.
R. E. Welech

18.444 Probability and Statistics for
Scientists and Engineers (A)
Prereq.: 18.02 or 18.021 or 18.022 or 18.023,
18.06
G (1)
Arr.

Accelerated Introduction covering material In
18.440, 18.441 and part of 18.445J; for engi-
neers and scientists talented mathematically
and who need to apply statistical Ideas but
lack time for two or three semesters of course
work. Case study point of view. Topics: proba-
bIlity, distribution expectation, central limit

theorem, law of arge numbers, estimation, hy-
pothesls testing, confidence intervals, maxi-
mum likelIhoo, Information, Neyman-Pearson
theory, regression, design of experiments, de-
cison theory, and Markov processes.
S. L. Zuluski

16.448J Introduction to Stochastic
Processes (A)
(Same subject as 15.073J)
Prereq.: 18.313 or 18.440 or 6.041
G (1, 2)
4-0-8

Introduces the theory and application of sto-
chastic processes. Empirical phenomena for
which stochastic processes provide models.
Random walk, gambler's ruin, recurrent
events, discrete-time Markov chains, Branch-
Ing processes, Poisson processes, renewal
theory. Continuous-time Markov chains, birth
and death processes, queueing theory, and
Brownlan motion. Information: R. M. Dudley

18.446 Applied Time Seres Analysls (A)
Prereq.: 18.441 or 18.443 or 15.075
G (1) Next offered 1987-66
4-0-8

Statistical techniques commonly used to ana-
lyze time seres data. Topics: estimation of
trends and seasonal adjugiment, stationary
seres - autocorrelation and spectrum. Esti-
mation and Interpretation of spectra. ARIMA
models and fitting them to data. Analysis of bi-
variate series - cross correlation and cross
spectrum. Emphasizes leaming techniques by
using thern on actual data. Information: R. M.
Dudley

18.448 The Analysis of Categorloal Date (A)
Prereq.: 18.441 or 18.443 or 15.075
G (1)
4-0-8

Theory and application of log-linear models to
multi-way contingency tables and other data
sets where the dependent variable l categori-
cal. Topics: the PoIsson distribution, one-way,
two-way, and multi-way frequency tables, logit
regression, and maximum likelihood estimation
and computations. Class uses and compares
various computer programs for the estimation
of log-linear models. Most of the technical the-
oretical material Is reserved until the final few
weeks of the semester, and students outside
of Course XVIII may arrange to substitute a
data analysis project for It.
N. Lange

18.453 Quality Control and Reliability (A)

Prereq.: 18.440; 18.441 or 18.443 or 15.075
G (1) Next offered 1987-68
3-2-7

Introduces statistical concept In quality control
and reliability analysis. Topics: statistical de-
sign of Shewhart and CUSUM control charts;
acceptance sampling, probabilistic representa-
tons and analyses of lifetime data; measure-
ment and prediction of reliability
characteristics. Interactive statistical graphics
system used to demonstrate the methodology
developed In the subject, as well as to provide
a student laboratory environment. Information:
R. E. Welsch

www
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18.454 Sampling, Simulation, and Monte 18.458 Robust Statistics and
Carlo (A) Nonparametric Methods (A) Logic

Prereq.: 18.440 or 18.313 or 6.041
G (1)
4-0-8

Introduction to principles and techniques of
sampling for the purpose of a survey. Includ-
Ing: simple random sampling, stratified sam-
pling, systematic sampling, and cluster
sampling. Discussion of statistical background
of Monte Carlo methods and simuipion -
prominent parts of experimental mathematics
with wide applicability. Including: variance re-
duction, conditional Monte Carlo, control var-
lates, antithetic variates, regression methods,
Monte Carlo optimization, application to statis-
tical inference problems. Information: R. M.
Dudley

18.455 Analysis of Variance and Design of
Experiments (A)

Prereq.: 18.06, 18.441 or 18.443 or 15.075
G (1) Next offered 1987-N
4-0-8
Detailed presentation and use of the classical
models of analyses of vadiance (ANOVA):
one-way classification, two-way clasaifications,
block designs, nested designs, latin squares,
etc. Model 11 type of designs. Tests of hypoth-
esis, simultaneous confidence intervals.
Presentation of regression, and analysis of
covariance (ANOCOVA). Propertles of the
multivariate normal and related distributions,
linear models, general linear hypothesis. Geo-
metric interpretation. Finally: effect of depar-
ture from assumptions and nonparametric
analogs of ANOVA. Information: R. M. Dudley

18.456 Multivariate Methods In
Statistics (A)

Prereq.: 18 06; 18.441 or 18.443 or 15.075
G (2)
4-0-8

Theory and application of commonly used
techniques Involving multivarlate data. Atten-
tion devoted to specific applications, and to
computational facilities for applying the meth-
ods. Selects topics from the following: multi-
variate regression, discriminant analysis, and
pattem classification. Cluster analysis, factor
analysis, and principal components. Multidi-
mensional scale analysis. Contingency tables.
Information: R. M. Dudley

18.457J Statistics for Model Building (A)

(Same subject as 15.076J)
Prereq.: 18.06; 18.443 or 15.175
G (2)
3-0-9

See description under subject 15.076J.
R. E. Welsch

Prereq.: 18.440; 18.441 or 18.443 or 15.075
0 (1) Next offered 198748
3-0-9

Overview of robust statistical theory, including:
asymptotic minimax, infinitesimal (bounded-
Influence) aspects, robust covariances and ro-
bust regression. Nonparametric methods
which give useful and valid results under a
very wide class of underlying distributions -
particularly useful for social scientists and biol-
ogists. Topics: Wilcoxon test, sign test,
Wilcoxon-Mann-Whitney test, U-statistics theo-
rems, optimal linear rank tests, Kruskal-Wallis
test, rerandomization tests. Information: R. E.
Welsch

18.465 Topics in Statistics (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Introduces some special theoretical topics in
mathematical statistics at an intermediate
level. Assumes familiarity with the elements of
probability theory and the fundamental con-
cep.s and basic techniques of statistical infer-
ence. Topics chosen in accordance with the
Interests of the instructor and the students. In-
formation: R. M. Dudley

.18.466 Mathematical Statistics (A)

Prereq.: 18.125
G (1) Next offed 1987-88
3-0-9

Decision theory, estimation, confidence Inter-
vals, hypothesis testing. Introduces large sam-
ple theory. Asymptotic efficiency of altemative
statistical procedures. Linear statistical infer-
ence. Permission of instructor required. Infor-
mation: R. M. Dudley

18.504 Seminar In Logic
Prereq.: -
U (1)
3-0-9

Seminars for mathematics majors in several
topics, each under the direction of a faculty
member whose special interest is In the field
of the seminar. Students report on and dis-
cuss topics taken from current joumals or from
texts not regularly used in other mathematics
subjects.
S. D. Friedman

18.511 Introduction to Mathematical Logic

Prereq.: -
U (2)
3-0-9

Propositional and predicate logic. Elementary
model theory, completeness, compactness,
and Lowenheim-Skolem theorems; elementary
recursion theory, enumeration and recursion
theorems. GOdel incompleteness theorems.
Special additional topics as time permits.
While this subject has no formal prerequisite,
any Course XVIII subject with first decimal
digit one or higher is adequate preparation. In-
formation: S. D. Friedman

18.515 Mathematical Logic (A)

Prereq.: 18.511
G(1)
3-0-9
18.516 Mathematical Logic (A)

Prereq.: 18.515
G (2)
3-0-9

First-order logic. Completeness, compactness,
Lowenheim-Skolem theorems. Type-omitting,
categoricity. Incompleteness of arithmetic. Re-
cursively enumerable sets and Turing de-
grees. Friedberg-Muchnik theorem, Zermelo-
Fraenkel set theory. Ordinals and cardinals.
Reflection principles, absoluteness. Consis-
tency of axiom of choice and Generalized
Continuum Hypothesis. Permission of Instruc-
tor required for those not having 18.511.
M. S. Legrand

18.565 Recursion Theory (A)

Prereq.: 18.516
G (2)
3-0-9

Topics in recursion theory chosen from: prior-
Ity arguments, hyperarithmetic theory, ordinal
recursion, E-recursion, theory of projective
sets. Permission of Instructor required for
those not having 18.516.
G. E. Sacks
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1IUietThory (A)
Prereq.. 18.516
G(1)
3-0-9
Forcing. Other topics In set theory chosen
from: large cardinals, combinatodsl set theory,
Iterated forcing, descrdptiv, set theory, fin.
structure of L. Permission at Instructor re-
quired for those not having 18.516.
8. D. Frledman

16.888 seminar on Current Topics In
Logic (A)
Prereq.: 18.565, 18.585
G (1, 2)
3-0-9

Analysis of results of current Interest In logic.
Students present rr cent developments In the
field for general ditcussion. Uses formal and
Informal sources. Topics vary from year to
year; may be repeated for credit.
Term 1: G. E. Sacks
Term 2: S. D. Fdodman

18.567 Universal Algebra (A)
Prereq.: Permission of Instructor
0(2) Next ofered 198748
3-0-9.
Topics vary from year to year; may be re-
posted for credit. Properties shared by alge-
bralc structures, Introduction to category
theory and lattice theory, elementary equiva-
lence of algebraic structures, properties pre-
served under algebraic constructions,
equational logic, word problems.
M. Halman, G-C. Rota

Algebra and Number
Theory

18.701 Algebra I
Prereq.: 18.002 or 18.02 or 18.021 or 18.022
U (1)
3-0-9

18.702 Algebra I1

Prereq.: 18.701
U (2)
3-0-9

More extensive and theoretical than the
18.710-18.703 sequence. Experience with lin-
ear equations and matrices helpful. First term:
group theory, geometry, and linear algebra.
Second term: rings and fields: ideals,
polynomial rings, factorization, modules, Jor-
dan form for matrices, extension fields, Galois
theory.
18.701: M. Artin
18.702: S. Klelman

18.708 Modern Algebra
Prereq.: 18.002 br 18.02 or 18.021 or 18.022
U (2) SD
3-0-9

A one-term treatment, covering the traditional
algebra topics which have found greatest
application In science and engineering as well
as in other mathematical disciplines: group
theory, emphasizing finite groups; ring theory,
Including Ideals, unique factorization In
polynomial and Euclidean rings; field theory,
Including properties and applications of finite
fields. 18.710 and 18.703 together cover most
of basic algebra. 18.06 or 18.710 should
precede 18.703 If both subjects are to be
taken.
R. D. Schafer

18.704 Seminar In Algebra and Number
Theory
Prereq.: 18.702 or 18.703
U (2)
3-0-9

Seminars for mathematics majors in several
topics, each under the direction of a faculty
member whose special interest Is In the field
of the seminar. Students report on and die-
cuss topics taken from current joumals or from
texts not regularly used In other mathematics
subjects.
M. Ardn

18.705 Commutative Algebra (A)

Prereq.: 18.701-18.702 or 18.710-18.703
G(1)
3-0-9

Basic topics In commutative algebra, with a
brief Introduction to categorical Ideas and
homological algebra. Modules, localization,
noetherian rings, finiteness properties, dimen-
sion theory. Text: Atiyah and MacDonald.
D. J. Anlck

16.706 Nonoommutadve Algebra (A)
Prereq.: 18.705
G (2)
3-0-9
Topics in noncommutative algebra, selected
from such areas as ring theory, representa-
tions of groups and rings, polynomial Identity
rings.
G. Luardg

18.710 Abstract Linear Algebra
Prereq.: 18.002 or 18.02 or 18.021 or 18.022
U (1) SD
3-0-9
An algebraic treatment of linear algebra In-
cluding vector spaces, systems of linear equa-
tions, bases, linear Independence, matrices,
determinants, elgenvalues, Inner products,
quadratic forms, and canonical forms of ma-
trioes. Compared with 18.06, more emphasis
on theory and proofs, less on matrix calcula-
tions and applications.
R. D. Schafer

18.711 Game Theory
Prereq.: -
U (1) Next offered 1987-8
3-0-9
Two-person combinatorial games. Finding win-
ning moves in such games as Nim, Hacken-
bush, and Dots-and-Boxes. Analysis of
positions. Algorithmic and algebraic strategies
for reduction of positions. Study of Impartial
games. Matrix games, continuous games, Ar-
row's Theorem. No formal prerequisite, but
students should be familiar with elements of
linear algebra. Information: N. C. Ankeny

18.715 Topics In Homological Algebra (A)
Prereq.: 18.705
G (2) Not to be offered 198748
3-0-9
Content varies from year to year; may be re-
peated for credit. Topics selected from such
areas as, cohomology of groups and Ue alge-
bras, K-theory, characteristic classes, higher
algebraic K-theory, cyclic cohomology. Topic
for 1988-87: Homological algebra of commuta-
tive rings.
S. Kiman

18.725 Algebraic Geometry (A)
Prereq.: 18.705
G (1) Next offered 198746
3-0-9
Introduces contemporary algebraic geometry.
Centered around the basic techniques of the
subject, Including sheaf cohomology and the
Riemann-Roch theorem for curves.
S. Kielman
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16.72? Topics In Algebrelo Geometry (A) 18.756 Introduotlon to Lie Groups (A)
Prereq.: 18.725
G (2) Next ofered 1987-8
3-0-9

Topics vary from year to year; may be re-
peated for credit. Topics In the past few years
have included the generalized Riemann-Roch
theorem, stale cohomology, deformation the-
ory, algebraic surfaces, the Picard scheme,
and Hodge theory.
M. Arlin

16.726 Topics In Algebra (A)

Prereq.: 18.702 or 18.703
G (2)
3-0-9
Topics vary from year to year; may be re-
peated for credit. Topics In the past few years
have included noncommutative rings and alge-
bras, non-associative algebras, local rings, al-
gebraic K-theory, quadratic forms, and
algebraic analysis.
S. Kostant

18737 Linear Algebraic Groups (A)
Prereq.: 18.705
G (1) Next offered 1987-8
3-0-9
Introduces the classification of affine groups
over an algebraically closed field via their rep-
resentations as groups of Invertible matrices.
M. Artin

18.746 Introduction to Lie Algebras (A)

Prereq.: 18.701 or 18.703
G (1)
3-0-9
Emphasizes theory of Us algebras, and alge-
braic aspects of Us theory. Structure of finite-
dimensional Us algebras; Engel and Lie theo-
rems, Cartan subalgebras, Cartan criteria.
Structure and classification of semi-simple Ue
algebras. Weyl and Levi theorems. Finite-
dimensional representations of semi-sImple
Ue algebras, Weyl character formula. Verma
modules.
V. Kad

18.747 Infinite-dimensional Lie Algebras (A)

Prereq.: 18.745
G (2)
3-0-9
KaO-Moody Us algebras. Highest weight rep-
resentations. Character formulas. Applications
to combinatorics and Invariant theory. Connec-
tion with' the theory of theta functions and
modular forms. Vertex representations and
their relation to soliton equations and to the
quantum field theory. Virasoro algebra and the
determinantal formula. Connection to critical
exponents in statistical mechanics. Other
topics.
V. Kad

Prereq.: 18.100, 18.710
G (1)
3-0-9

A broad general Introduction to Us groups,
suitable for physicists as well as mathemati-
clans. Study of basic elementary examples:
the classical matrix groups, the Galliel,
Lorentz, and Poincare groups. Introduction to
manifolds, general Lie groups, homogeneous
spaces, and Us algebras. Automorphism and
adjoint groups.
R. Zlerau

18.756 AnalysIs on Lie Groups (A)

Prereq.: 18.755
G(2) Not to be offered 1987-8
3-0-9

Semi-simple Lie groups and symmetric
spaces. Topics In function theory on sym-
metric spaces, such as Fourier analysis and
Radon transform, Invariant differential opera-
tors and potential theory. Emphasizes connec-
tions with classical analysis and representation
theory.
S. Helgason

18.757 Representations of Lie Groups (A)

Prereq.: 18.755a (2) Next offered 1687-66
3-0-9

Ue groups, Us algebras, and their representa-
tions. Induced representations. Representa-
tions of compact groups, nilpotent groups, and
semi-simple groups. Analysis on semisimple
Us groups and symmetric spaces. invariant
differential operators and their role in repre-
sentation theory.
B. Kostant

18.758 Representations of Lie Groups (A)

Prereq.: 18.757
G (2) Not to be offered 196748
3-0-9

Representations of semisimple Lie groups:
theory of Harish-Chandra modules, Langlands'
classification, Kazhdan-Lusztlg conjectures.
Decomposition of principal series representa-
tIons, unitarity problem.
D. A. Vogan

18.7869 Topics In Lie Theory (A)

Prereq.: Permission of Instructor
G0(1) Not to be offered 1987-68
3-0-9

Topics vary from year to year; may be re-
peasted for credit. Topic for 1986-87: Theory of
Hecke algebras, with applications to represen-
tations of finite and p-adic semisimple groups;
the Deligne-Langlands conjecture.
G. Lusztig

18.775 Algebraio Number Theory (A)
Prereq.: 18.705
G(1)
3-0-9

13.776 Algebraic Number Theory (A)

Prsreq.: 18.775
G (2)
3-0-9
Reviews basic algebraic number theory. Clas-
sical formulation of class field theory, Including
existence and uniqueness of class fields, the
conductor-dlscrimlnant formula, Artin's rec-
iprocity law. Artin L-serles. Adelic formulation.
The simple algebra" approach. Applications to
the study of arithmetic of cubic fields and (If
time permits) to the theory of complex
multiplication.
18.775: 8 Kostant
18.778: N. C. Ankeny

18.781 Theory of Numbers
(New)
Prereq.: 18.701 or 18.703
U (1) Not to be oered 1987-8
3-0-9

Primes, congruences, and arithmetic functions
and proofs of their asymptotic formulae. Ap-
proximations of the real numbers by rationale,
Kronecker's theorem, and the Introduction of
geometry of numbers. Quadratic forms and
quadratic number fields.
D. S. Freed

18.7865 Analytic Number Theory (A)
Prereq.: 18.115
G (1) Next of 197-88
3-0-9

Analytic algebraic number theory. Functional
equations of zeta and L-functions. Zero-free
regions and prime number theorems. Applica-
tions to density theorems In algebraic number
theory including Artin's conjecture on primitive
roots.
H. M. Stark

18.786 Toplos In Number Theory (A)

Prereq.: Permission of Instructor
O (1) Not to be ofee 19678
3-0-9

Topics vary from year to year; may be re-
peated for credit. Topics In the past few years
include: Diophantine analysis and transcen-
dance; quadratic number fields and complex
multiplication; automophoric forms: Topic for
1986-87: Theta functions and complex
multiplication.
H. M. Stark
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Topology and Geometry

18.901 Introduction to Topology I
(A except XVIII)

Prereq.: 18.100
G(1,2)
3-0-9

18.902 Introduction to Topology 1I
(A except XVIII)

Prereq.: 18.901, 18.701 or 18.703
G3 (2)
3-0-9
Introduces topology, covering topics funda-
mental to modem analysis and geometry. In-
tended for those going on to graduate work.
18.901: topological spaces, connectedness,
compactness, continuous functions, separation
axioms, function spaces. Metrization theo-
rems, the Tychonoff theorem. Topological
groups. 18.902: Introduction to algebraic topol-
ogy. Fundamental group, covering spaces,
Van Kampen theorem, classification of cover-
Ing sraces. Applications to knot theory, classi-
flcatio nf compact surfaces, separation
theorems In the plane.
18.901: Term 1: S. R. Costenoble

Term 2: Staff
18.902: J. R. Munkres

18.904 Seminar In Topology

Prsreq.: 18.901
U (2) Next offered 1987-88
3-0-9

Seminars for mathematics majors in several
topics, each under the direction of a faculty
member whose special interest is in the field
of the seminar. Students report on and dies-
cuss topics taken from current joumals or from
texts not regularly used in other mathematics
subjects. Certain topics may require an addi-
tonal prerequisite. Normally covers the same
material as 18.902, but in seminar form.
D. M.:n

16.905 Algebraic Topology (A)

req.: 18.702 or 18.705; 18.901
G0(1)
3-0-9

18.900 Algebraic Topology (A)

Prereq.: 18.905
G (2)
3-0-9

Fundamental group, covering spaces, simpil-
clal homology, simplicial approximation mani-
folds. Homology and cohomology of
topological spaces, universal coefficient theo-
rem, plus additional topics to be chosen by the
Instructor.
F. P. Peterson

10.915 Graduate Topology Seminar (A)
Prereq.: 18.908
G (1)
3-0-21

Study and discussion of important original pa-
pers 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 Advanced Topology (A)

Prereq.: 18.906
G (2) Next offered 1987-68
3-0-9
Content varying from term to term so that
graduate students taking the subject in suc-
cessive terms may have an Introduction to
several important phases of topology such as
homotopy theory, cohomology theory, fibre
spaces, K-theory, combInatorial topology, and/
or differential topology. Homotopy theory, co-
bordism theory.
J. R. Munkres

18.950 Elementary Differential Geometry

Prereq.: 18.100, 18.901
U (1) Not to be offered 1987-8
3-0-9
Study of curves and surfaces in R3 with spe-
cific examples. Frenet formulas, fundamental
forms, curvature, Gauss's theorem, geodesics,
Gauss-Bonnet theorem.
B. Orated

18.961 Elementary Differential Topology
Prereq.: 18.101, 18.901
U (2)
3-0-9

Differentiable manifolds in R"; differentiable
mappings; transversality; Sard's theorem; in-
tersection theory; the Euler characteristic of a
manifold and the Lefschetz fixed point
theorem; integration on manifolds, Stokes'
theorem, DeRham cohomology. Information:
W. T. Shaw

18.965 Geometry of Manifolds (A)_
Prereq.: 18.101
G0(1)
3-0-9

18.966 Geometry of Manifolds (A)_
Prereq.: 18.965
G (2)
3-0-9

Differentiable manifolds, vector fields and
forms, Introduction to Lie groups, the DeRham
theorem, Riemannian manifolds. 18.966 con-
tinues 18.965. Focuses on symplectic geome-
try and classical dynamical systems.
V. W Guillemnin

16.969 Topics In Geometry (A)
Prereq.: 18.965
G (1)
3-0-9

Content varies from year to year; may be re-
peated for credit. Topic for 1966-87: Rieman-
nan geometry and the Atlyah-Singer index
theorem. Dirac operators, Index density for
families of operators, applications to group
representations and L2-index theorem. Permis-
sion of Instructor required for students not
having 18.965.
M. F. Vergne

18.975 Elliptic Operators (A)

Prereq.: 18.965
G3 (1) Next offered 1987-88
3-0-9

18.976 Elliptic Operators (A)
Prereq.: 18.975
G (2) Next offered 1987-68
3-0-9

Elliptic pseudodifferential operators and
Fourier integral operators associated with
them. Spectral theorems relating asymptotic
properties of the spectrum to geometric prop-
erties of the bicharacteristis. The Selberg
trace formula and various generalizations of It.
18.976 continues 18.975. Spectral properties
of differential and pseudodifferential operators
on open manifolds, scattering theory, non-
self-adjoint operators.
V. W Guillemin

18.994 Seminar In Geometry

Prereq.: -
U (2)
3-0-9

Seminars in several topics, for math majors.
Each under direction of a faculty member
whose interest is in the field of the seminar.
Students report on and discuss topics from
current joumals or texts not regularly used in
other math subjects. May be repeated for
credit.
F. Morgan

18.999 Mathernatical Reading

Prereq.: -
G (1, 2, S)
Arr.

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.
S. Helgason

-A

173DMathemnatics



1740

20 Applied Biological
Sciences

Undergraduate Subjects

Undergraduate Laboratory
Subject
20,002 Lortory in Appled Biology
(Revised Unit)
Prere.: -
U (1) LAS
2.6-5
Techniques In basi biochemistry
and separation science. Enzyme assays, disc
gl electraophorels, affinity chromatography,
use of radioisotopes, experimental sur ,
and other techniques. Recommendedf stu-
dents antiipating careers in applied areas of
biology such as biochemical engineering,
toxicology, pharmacology, nutrition, cancer
research, geneti engineering, medicine.
RA S. LangMA. M.K nbnov.
J. M. EgMan, M. R. Acener, W G. Thilly

Undergraduate Research

20.ThU Undergraduate Thesis
Prareq.:-
U (1, 2, 8)
Arr.
Program of undergraduate research leading to
the writng of 5.8. thesis; to be arranged by
the student and an appropriate facuity
member.
M. Chow

20.UR Undergraduate Reeerch
OpportunUe
Preq.: -
U (1, 2)
Arr.
Opportunities avalable in a wide variety of re-
search programs in mammalan biochemistry
and metabolism, cinical and pubic health nu-
trilon, intenational nutrition, neuroendocrine

rgu nand endoorino, toxicology, food
nand technology, and biochemical on-

gineering. Problems emphasize direct and
actie involvement of undergraduates in labo-
ratory research which may be extended over
mulIple terms.
M. Chow

2011 Special Projct In Undergraduate
Resesroh
Prereq.: -
U (1)
Arr.

20.012 Special Projects In Undergraduate
Reseeh
Prereq.: -
U (2)
Arr.
Directed research In the fields of mammalian
biochem and metabolism, clinical and
pbVo nutrition, International nutriton,
neuroendocrine regulation and endocrinology,
toxicology, food science and technology, and
biochemical engineering.
M. Chow

General Undergraduate Subjects

20.006 Chemicais and Human Disease
(NOW)
Prereq.: -
U (1)
3-0-9
Introduction to the cascade of processes re-
sulting In biological damage from exposure to
environmental chemicals; focus on cancer and
genetic disease. Design of predictive assays
and application to pure compounds and com-
plex mixtures. Emphasis on new technology
for measurement of chemnicals and patterns of
genetic change In humans a a means of di-
rect risk assessment.
W 0. Thiy

20.022J Human Physiology
(Same subject as 7.54J)
Prereq.: 7.05
u (1)
4-0-
See description under subject 7.54J.
M. Kaer, R. D. Rosenberg

"".04 PwMboogy and Toxicology
Prereq.: 5.42, 7.05
U (2)
2-0-7
Bsia blochemical approach to conoepts in
modem pharmacology and toxicology with am-
phasis on events occuning at the molecular
ievl. Representative topics: molecular mach-
nisms of selecity and drug acton, radonal
drug design, drug delvery systems, molecular
mechanisms of toxiuity, and chemical
caroenes.
R. A North, M. R. Rosner

20.02J Geneics
(NOw)
(Same subject as 7.03J)

U (1)
4

See description under subject 7.03J.
H. R. HonM, R. A. Fif.

20.023 MehanIsms of Psthogenesels
(NOW)
Prereq.: 7.05,7.03
u (1)

Basic wiew of desse-causing organisms,
including bacteria, fungivrues, and proto-
zoan parasites. Emphasizes modes of trans-
mission, mensms of Infection, and host
rasponma. Special focus on lhe molecular -
oogical properties of the pathogens thst en-
sble them to cause diee. in-dept stud of
several diseases such as AIDS, hepalls, sy-
phs, plagu, maela. Strategies for dagno-
sis, treaent, and prvention of Inectious
diseases.
R. A. Flu, M. Chow
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General Graduate Subjects

20.100 organ and Systems Phannacology
(NOW)
Prereq.: 20.022J or the equivalent
G (2)
3-0-9
An introduction to pharmacology. Normal or-
gan and organ systems function and changes
wth disas. Therapeutic and toxic effects of
drugs in normal function and In disease.
Routes of administraton, drug kinetics, and
drug Interactions. Designed to precede molec-
ular pharmacolcgy and toxicology as weli as
for those in other discipines who desire a sin-
%epharmacolog course.

. a. Lee

20.111 Analytleal Practisee in
Elochemletry (A)
Prereq.: 5.42, 7.05
0(2)
3-8-8
Advanced laboratory course dealing with pro-
tein isolation and characterianton, molecular
cloning, preparation of monoclonal anibodies,
and cell culture technology.
J. M. Essemann, R. S. Langer,
M. R. Roener, W. Thilly, A. M. Kibanov

20.112 Control of Cellular Metabolism (A)
(Revised unit)
Prereq.: 7.05
G (2)
4-08

Designed to explore in depth the regulation of .
cell funcion by hormones. After an Introduc-
tion on the control of cellular metabolism, the
focus is on the action of representative hor-
mones from each of three major classes: pop-
tde, catecholamine, and steroid hormones. An
integrated picture of the role of hormones and
substrates In providing an interorgan metabolic
control is then developed.
M. R. Roener, H. N. Muhro

20.113 Principles of Applied Biology (A)
(NOW)
Prerq.: 20.111, 20.112
G (2)
3-0-
Use of case studies to Illustrate the integrated
application of basic science and engineering
tools to the soluton of problems in the applied
biological sciences. Topics Include production
and administration of therapeutic proteins,
vaccine production, and development of diag-
nostic tests.
J. M. Esalmann, R. S. Langer

Graduate Subjects
by Area

Nutritional Biochemistry and
Metabolism

20.212 NutrIents: Their Metabollsm and
Role in Human NutrItion
Prereq.: 20.022, 7.05
a (1)
4-0-8
Function and metabolism of essential nutrients
and factors that affect nutrient metabolism in
the mammallan organism. integrates knowl-
edge of their biochemistry and physic,
based on studies in experimental anima , with
a detalled discussion of human nutrition and
metabolism Including pubic health considera-
tions. Emphasizes modern developments in
nutritional research.
V. R. Young

20.214 Advanced NutritIonal Biochemistry:
Mlcronutrients (A)
Prereq.: 20.212
0(1)
40-8
Discusses and evaluates advances in re-
search conceming the function and metabo-
Urnm of essential nutrients. Emphasize
vitamins, trce elements, essential amino
acids, fatty acids, lpids; e.g., connective tis-
se, collagen and vitamin C; calcium, homeo-

stasis, bone meol"ism and vitamin D;
glycoproteins, membrane structure and vitamin
A; lysine and camitine; iron, zinc, copper,
manganese, chromium, selenium and newer
trace elements.
). Wolf, Staff

20.811 Advanced Human and Clinical
Nutrition (A)
Prereq.: 20.212
0 (2)
40-8
Application of nutrition knowledge in the ther-
spy and support of humans andi In various
physiological and pathological states. Nutr-
tional requirements and status of humans. Nu-
trition of normal and low birth-weight Infants;
nutrition and immunity; the cancer and trau-
matized patient; patients with specific organ
disease (iver, brain, kidney, endocrine sys-
tam, gastrointestinal tract) and with genetic
and other metabolic diseases, obesity, degen-
erative diseases, and the elderly.
V. R. Young, N. S. Scrimshaw, Staff

20.812 Cinloal Nutrition in Prac
Pneeq.: 20311
G3(1,2)
0-8-4
Coordinated practical experience on the appll-
cation of nutrition In the management and cam
of hospitalized patients. Conducted In collabo-
ration with unite at hospitals within the Boston
area.
N. 8. Sorimehaw, 8taff

Neuroendocrine Regulation and
Endocrinology

20.611J The Human Nervous System:
The Neuroselenes I (A)
(Same subject as 9.014J, HST 130J)
Prereq.: Permission of Instructor
G (1)
6-3-8

See description undw subject HOT 130.
A. M. Grayblel, M. P. Alexander,
E. 81W1, V. Chan-Pay, M. A. MoekoWit,
R. A. North, 8. Palay, T. Sabin, P . Schller,
H. R. Tyler, R. 8. Wllams, R. J. Wurtann

20.512J The Neurosolsnoese 11 (A)
(Same subject as 9.015J) .
Prereq.: Permission of Instructor
G (2)
8-0-9

Second semester subject of a two-semester
sequence exposing graduate students to the
broad range of contemporary topics In the
neurosoiences. Topics: 1)neurotransmission;
2)neurochemistry and neuropharmacology;
3)neuropsychology (somatosensor percep
tion; memory; language; spatial capacities);
4)neuroendornology; and 5)development and
plasici of t nervous system.
R. J. Wurtnan, M. R. Rowner, 8. H. Corkn,
R. D. McKay, W. G. Quinn, 0. E. Schneider

20.517 Advanced Topics In
Neurotransmitter Blochemistry (A)
Prereq.: 20.512J
G (1) Next offered 1967-
2-0-4

Seminar on recent advances in neurotransmit-
tar biochemistry; presentations by staff, guest
lecturers, and students.
R. J. Wurtman

lee(A)
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20.622 Cellular Neurophyslology (A)
Prereq.: 20.512J
G (1) Not to be offered 1987-8
3-0-9

Cellular-level electrophysiology. 1)Properties
of excitable cells; linear and nonlinear equa-
tions describing behavior of membranes;
2)voltage and chemically gated channels;
3)neurophysiological aspects of synaptic
transmission; 4)mathematical models of nerve
cells in mammalian central nervous system
and Invertebrates. Altemate years.
R. A. North

Toxicology

20.611 General Toxicology (A)

Prereq.: 7.05
G (2)
4-0-8

Occurrence and mechanisms of action of toxic
chemicals of health significance. Characteriza-
tion of various forms of toxicity of importance
In health risk estimation: acute and chronic ef-
fects, genetic effects, teratogenesis, and car-
cinogenesis. Extrapolation of toxicological data
to humans In regulation of environmental
chemicals.
G. N. Wogan, J. E. Harris, S. R. Tannenbaum

20.612 Biochemistry of Xenoblotics (A)

Prereq.: 5.12, 7.05
G (1)
3-0-9

Major enzyme systems involved in metabolism
of xenoblotic compounds with concentration
on the mechanisms of activation and detoxifi-
cation and interaction of metabolites with cel-
lular macromolecules. A detailed examination
into the mechanisms of oxidation, reduction,
hydrolysis and conjugation reactions especially
where these reactions may result in the poten-
tial generation and removal of toxic intermedi-
ates. Emphasizes events occurring at the
molecular level.
M. A. Marietta

20.613 Genetic Toxicology (A)

Prereq.: 7.28
G (1) Next offered 1987-8
4-0-8

Modeling of events leading to induction of ge-
netic change. Role of DNA replication, DNA
repair, recombination and other aspects of cell
physiology in determining the probability that
specific chemical lesions cause alterations in
gene structure and chromosomal integrity. Ge-
netic dipease as a public health problem.
W G. Thilly, J. M. Essigmann

20.618 Laboratory Animals: Usage in
Biological Experimentation
Prereq.: 7.01
G (2) Not to be offered 1987-8
2-1-3

Introduces current concepts of anesthesia,
surgery, disease, and experimental manipula-
tion of the research laboratory animal. Empha-
sizes the selection of proper animal models
and techniques used in the experimental pro-
tocol. Techniques and skill learned from lec-
tures and audiovisual aids are practiced in
laboratory sessions. Alternate years.
J. G. Fox, J. C. Murphy, C. Newcomer

Biotechnology

20.721 Physical and Engineering Properties
of Blomsterials (A)

Prereq.: 5.60, 10.13
G (1) Not to be offered 1987-88
3-0-6

Emphasizes the theories, principles, concepts,
determination, and analysis of rheological
properties of solutions, dispersions, suspen-
sions, gels, emulsions. and solids with sup-
porting discussions on thermal and surface
properties. Considers these properties as re-
lated to biotechnology and other Industrial pro-
cesses and effect of these properties on
quality criteria and process design. Permission
of instructor required. Alternate years.
C. K Rha

20.723 Fabrication and Structure Synthesis
of Blomaterials (A)

Prereq.: 20.721
G (1) Next offered 1987-88
3-0-6

Fundamentals of biomaterials fabrication and
structure synthesis including solvatlon, floccu-
lation, emulsions, foams, gels, granular, plexi-
laminar networks, fibers and filaments.
Emphasizes encapsulation, thermal treatment,
extrusion, and spinning technology as applied
to biotechnology and food processing. Selec-
tion of raw materials, fabrication methods, and
processing conditions to obtain desired struc-
tural effects. Alternate years.
C. K. Rha

20.732 Physical Chemistry of
Blomaterials (A)

Prereq.: 5.60
G (2) Not to be offered 1987-88
3-0-6

Physicochemical principles governing the be-
havior of industrial biomaterials, including
foods. Applications to representative industrial
problems. Colloidal and surface phenomena.
Conformational transition in blopolymers. Dif-
fusion in polymers and in complex systems.
Phase transformations in biomaterials. Kinetics
of chemical reactions of significance in pro-
cessing and storing foods and other biomateri-
als. Simulation of reactions occurring in
processing and storage. Alternate years.
M. Karel, A. M. Klbanov

20.734 Applied Enzymology (A)
Prereq.: 7.05
0 (1) Not to be offered 198748
3-0-8
Production and purification of commercial on-
zymes. Mechanisms of practically Important
enzymes. Protein stability and denaturation.
Enzyme inactivation and approaches to stablil-
zation of enzymes. Immobilized enzymes,
coenzymes, and whole cells. Immobilized bio-
catalyst reactors. Enzymatic processes in het-
erogeneous systems. Fundamentals of
practical applications of enzymes In food and
chemical Industries, in analyses and medicine;
future trends. Economic, health, and legal as-
pects of the use of enzymes. Alternate years.
A. M. KOlbanov

20.743 Applied Microbiology (A)

Prereq.: 20.721
G (2) Not to be offered 1987-88
3-0-6

Discussions center on sporulating and toxin-
producing microorganisms. Focuses on the
physiology, biochemistry and genetics of spor-
ulation and toxicology. Topics In sporulation
include: spprulation, dormancy and resistance,
activation, germination and outgrowth. Topics
in toxicology include: genetics, mechanisms of
action, and assay systems.
A. J. Slnskey

20.801 Biotechnology (A)

Prereq.: 7.03, 7.05
a (1)
3-0-9

Major study areas Include: basic principles of
bloconversion processes emphasizing meta-
bolic pathways, mass and energy balances,
concepts for strain improvement of industrial
micro-organisms. Additional topics address the
current problems In biotechnology, focusing on
plant and animal cell technology.
A. J. Sinskey

20.802J Modeling of Biological Systems (A)
(New)
(Same subject as 10.57J)
Prereq.: Permission of Instructor
'G (2)
3-0-6

Analytical (mathematical) descriptions of inter-
esting biological mechanisms, systems, and
processes. Examples covering the entire
spectrum from simple biological reactions to
intricate networks of metabolic pathways, to
whole-cell metabolism, to pure and mixed
population dynamics and stability, to full bio-
reactor models are considered. Emphasis on
the accurate mathematical representation of
biological reality and, hence, the correct prob-
lem definition for the purpose of organizing ex-
isting knowledge, enhancing system
understanding, identification, and control.
Greg Stephanopoulos, A. J. Sinskey
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20.803J Biotechnology of Mammalian Cells
(New)
(Same subject as 10.5&J, 7.52J)
Prereq.: 7.03 or 7.05; 5.60 or 10.13
U (2)
4-08
Biological and bloengineering principles for utl-
lization of cultured animal cells and their pro-
tein products: Post-translatlonal Processing
and secretion of proteins; gene cloning and
expression In mammallan cells; Physiology of
cell growth and In vifro cultivation; bloreactor
design; protein recovery and purification; alter-
natives to mammalian cell culture; federal reg-
ulatory issues; marketing and business
planning; and Issues In patents and laws.
H. F. Lodiah, A. J. Sinskey, D. I. C. Wang

Biochemical Engineering

20.81IJ Blochemical Engineering (A)

(Same as 10.59J)
Prereq.: Permission of Instructor
G (2)
4-0-8

See description under subject 10.59J.
C. L. Cooney, D. I. C. Wang

20.812J Biochemical Engineering
Laboratory (A)
(Same as 10.591J)
Prereq.: 20.811
G (2)
0-5-1

See description under subject 10.591J.
D. I. C. Wang, C. L. Cooney

20.621 Industrial Microbiology (A)

Prereq.: 7.21
G (1)
3-0-4

Selected topics concemed witi the use of mi-
croorganisms for the production of substances
of industrial, medical, or nutritional value, such
as amino acids, antibiotics, vitamins, and or-
ganic acids, emphasizing metabolic regulation,
genetics, and biochemical pathways leading to
fermentation products.
A. L. Demain

20.822 Industrial Microbiology
Laboratory (A)
Prereq.: 20.821
G(1)
0--0
Laboratory exercise of selected topics pre-
sented in 20.821.
A. L. Demain

Seminars, Selected Topics, and
Research

20.904 Teaching Experience In Applied
Biological Sciences (A)
Prereq.: Permission of Instructor
G (1, 2)
2-0-4

For qualified griduate students interested in
teaching. Tutoriai or classroom teaching under
the supervision of a faculty member. Students
selected by Interview. Total enrollment limited
by availability of suitable teaching
assignments.
S. R. Tannenbaum

20.921 Selected Topics in Applied
Biological Sciences (A)
Prereq.: -
G (1, 2)
Arr.

Detailed discussion of selected topics of cur-
rent Interest. Class work in various fields not
covered by regular subjects of instruction.
Staff

20.941 Research Problems (A)

Prereq.: -
G(1)
Arr.

20.942 Research Problems (A)

Prereq.: -
G (2)
Arr.

Directed research in the field of applied bio-
logical sciences.
staff
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21 Humanities

Literature

21.UR Research In Humanities
Preq- -
U (1,2)
Arr.
Individual participation In an ongoing research
proeot. For students In the Undergraduate
Research Opportunities Program. Consult
T. R. Merrit.

21.TH T Humanities Pre-Thesis Tutorial
(Revised Unit)
Prrq.: As specified for particular field
U (1, 2)
1-0-5

Definition of and early-stage work on thesis
project leading to 21 .TH undergraduate The-
al In Humanities. Taken during the first term
of the student's two-term commitment to the
thesis proeot. Student works closely with an
Individual faculty tutor. Required for all stu-
dents in Courses XXI, XXI-E, and XXI-8 for
whom the thesis Is a degree requirement.
T. R. Mnfit"

21.TH Undergraduate Thesis In Humanities
(Revised Unit)
Prereq.: 21.THT
U(1,2)
Arr.
Completion of work on the senior major thesis
under supervision of a faculty tutor. Includes
oral presentation of the state of the thesis In
progress eady In the term, assembling and re-
vising the final text, and meeting at the close
with a committee of faculty evaluators to dis-
cus the successes and limitations of the proj-
sot. Required for most students In Courses
XXI, XXI-E, and XXI-S (see degree require-
ments in specfc field).
T. if. lefrt

21.1 T Pre-Genoral Examination Tutorial
(Revised Unit)
Prsreq.: As specified for particular field
U (1, 2)
1.0-5

Frst-stae preparation for 21.EX Humanities
General Examination. Taken during the first
term of the student's two-term commitment to
reviewing and organizing knowledge of the
major field. Student works closely with an Indi-
vidual faculty tutor. Required for certain stu-
dents in some fields under Courses XXI, XXI-
E, and XXI-S for whom the General
Examination Is a degree requirement.
T. R. Merrmtt

21.EX Humanities General ExamInation
(Revised Unit)
Prerq: 21E T
U (1, 2)
Arr.
Study to complete preparation for the General
Examination In the major ield, culminating In
the Examination itself. Student continues to
work closely with the faculty tutor, regularly
discussing the materials under review. Re-
quired of certain students in Courses XXI,
XXI-E, and XXI-S (see degree requirements
for specific flds).
T. R. MAn"

The subjects listed below are arranged In
three graduated eategorior tiers:
1 Iutoyeblos(311.3-1.010)

broad hitloeland g esquenes, all
Humanilles I

2) r-datesb ( 2.1120),
some oiying H ant Distribution
credit and some litied to students who
have already taken one ilterature sourse.
Internede e t explore literary forms
In senter on historical

lterary themes, or genres.
tudet are enoouraged to oonsult

indidual Instructors about preeit
requirements. 3) seminars .171 1.177),
reetristed to students who have taken at
least two previous subisots In literature.
Enrollment In seminers Is strictly limited to
a maximum of 12 students.

A S to this ntalogue, avalilable
from OHumanities Department ofMCIe,
oters more detailed descriptions of all
literature suiat and Includes spoo
informaetion- required tt, writing
ssignments, and examinations.

Introductory Subjects

21.001 Foundations of Western Literature:
Homer to Dents
(Revised Unit)
Prereq.: -
U (1, 2) HUM-D
3-0-9
Careful reading and critical examination of it-
erary texts, knowledge of which is essential to
understanding the European tradition in Imagi-
native literature. Stresses appreciation and
analysis of works which cams to represent the
common cultural possession of the modem
age. Readings include Homer, Sophocles, Eu-
dpides, Aristotle (the Poeds), Horace, Virgil,
Ovid, Augustine, and Dante.
Term 1: D. M. H~~A
Term 2: 8. Mulane

21.002 Clsesios of European Literature
Prereq.: -
U (1, 2) HUM-D
3-0-
Masterworks of epic, drama, lyric, novel, and
film. Includes works by such writers as Cer-
vantes, Shakespeare, Donne, Miton, Mollte,
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Goethe, Tolstoy, Chekhov, Yeats, Mann, and
at leas one film. Emphasizes Intrinsic merit of
each text and the sociai or mythological func-
tion of lit'ature, its role as a carrier (and
critic) of the central moral, political, and
psychological beliefs of Its society.
Term 1: C. G. Wolff
Term 2: D. M. Halperin

21.003 Introduction to Fiction

Prereq.: -
U (1, 2) HUM-D
3-0-6
Introduces prose narrative, especially the
novel. Emphasizes literary structure, social
and historical context, the relations between
fiction and its audience. Reading lists vary
among the sections but Include works by such
writers as Fielding, Laclos, Austen, Dickens,
Stendhal, E. Bronte, Tolstoy, Conrad, Joyce,
Faulkner, Lawrence, Kafka, Lu Haun, D. Less-
Ing, T. Olsen, G. Garcia-Marquez, C. Achebe.
Term 1: R. Goldberg, L. Kampf
Term 2: 1. Tayler, C. G. Wolff

21,004 Introduction to Poetry

Prereq.: -
U (1, 2) HUM-D
3-0-6

Emphasis on leaming how to enjoy poetry and
on the evolution of poetic form. Syllabus var-
lee somewhat from year to year but always
includes authors from this list: Chaucer,
Spenser, Shakespeare, Milton, Donne, Pope,
Wordsworth, Keats, Browning, Yeats, Auden,
Eliot, Whitman, Williams, Frost, Stevens.
Term 1: T. R. Merrit
Term 2: J. Hildebidle

21.005 Introduction to Drama

Prereq.: -
U (1, 2) HUM-D
3-0-6

Extensive reading of dramatic masterworks.
Emphasizes development from ancient to con-
temporary theatre of drama's constituent ele-
ments (action, character) and the problematic
relation of text to performance. Typically in-
cludes Sophocles, Shakespeare, Racine,
O'Neill, Beckett.
Term 1: P. S. Donaldson
Term 2: T. C. Theoharls

21.006 introduction to American Literature

Pfereq.: -
U (1, 2) HUM-D
3-0-e

Surveys major American texts, stressing liter-
ary and ideological traditions and the emer-
gence of a national literature. Principal
readings-in Emerson, Whitman, Hawthome,
Melville, Twain, Dickinson James, Wharton,
Faulkner, Fitzgerald, Ellison, Stevens, Frost.
Term 1: W Kelley, A. Lang, C. G. Wolff
Term 2: A. Lang, L. Marx

21.000 Shakespeare
Prereq.: -
U (1, 2) HUM-D
3-0-9-

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, sup-
plemented by occasional reading of scenes
and attendance at live or filmed performances.
Term 1: P. S. Donaldson, L. Kempf,
S. Mullaney
Term 2: P. S. Donaldson, S. Mullaney

21.010 LIterature and Film

Prereq.: -
r (1,2) HUM-D

4.0.5
Close reading and viewing of masterpieces of
literature and film, with attention to narrative
values. Emphasizes ways in which these are
modified by the nature of media. Authors and
directors vary with topic, but include figures
such as Homer, Shakespeare, Austen, Dick-
ens, Conrad, Chaplin, Ford, Coppola, others.
Term 1: Information A. C. Kibel. Term 2:
Shakespeare on film.
Term 1: Staff
Term 2: P. S. Donaldson

Intermediate Subjects

Genres and Themes

21.021 Comedy

Prereq.: -
U (1, 2) HUM-D
3-0-6

Studies various works designed to make us
laugh; investigates the culture that produced
them, and various theories of comedy. Authors
and directors include: Aristophanes, Plautus or
Terence, Chaucer, Shakespeare, Molibre,
Austen, Joseph Heller, Chaplin, Keaton,
others.
R. B. Goldberg

21.022 Tragedy

Prereq.: -
U (1) HUM-D
3-0-9

Reading and discussion of tragic literature,
together with an exploration of theories about
the tragic vision. Readings from Sophocles;
Shakespeare and his contemporaries; Ibsen,
O'Neill, Aristotle and other theorists.
T. C. Theohars

21.030 Popular Narrative: Science Fiction
Prereq.: One subject in literature
U (2)
4-0-5

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, with
emphasis on "popular" writing in relation to
American culture. May be repeated once for
credit, with permission of Instructor.
H. Thomas

21.031 The Film Experience

Prereq.: -
U (1, 2) HUM-D
3-0-6

An introduction to narrative film, emphasizing
the unique properties of the movie house end
the motion-picture camera, the historical evo-
lution of the film medium, and the intrinsic ar-
tistic qualities of Individual films. Syllabus
includes such directors as Griffith, Chaplin,
Renoir, Ford, Hitchcock, De Sica or Antonioni,
others.
Term 1: D. Thorbum
Term 2: W J. Paul

21.032J American Television: A Cultural
History

(Same subject as STS 625J)
Prereq.: One subject in literature
U (2)
3-0-6
Television's evolution as a system of story tell-
Ing and myth making, studied from anthropo-
logical, literary, and cinematic perspectives.
Centers on prime-time commercial broadcast-
ing but also examines the medium's techno-
logical and economic history as well as the
theoretical perspectives from which scholars
and policymakers have perceived our tele-
vision system. Much required viewing as well
as readings in media theory and cultural
interpretation.
D. Thorburn

21.033 Major Film Directors

Prereq.: One subject in literature
U (1)
3-2-4

Close study of films by major directors. Em-
phasizes cultural contexts and distinctive
styles and themes of each director. Syllabus
varies from year to year but includes films
from different historical periods and, usually, a
mix of American and international films by
such directors as Chaplin, Lang, Hitchcock,
Ford, Hawks, Renoir, Mizoguchi, Fellini. May
be repeated for credit by permission of in-
structor. For 1986-87: Hitchcock, Chabrol,
Lang.
W J. Paul
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21.041J Women In fiterature
(Revised Content)
(Same subject as SP 438J)
Prereq.: One subject In Uterature
U (2)
3-"-
Women In literature and women's literature.
We consider not only the representation of
women in literary texts but the Impact of gen-
der on the construction of texts: how do
women inhabit the literary world and how do
they "write" it. Emphasis on English and
American texts of the 19th and 20th centuries,
by writers such as Stowe, Dickens, Eliot,
Wharton, James, Gissing, Lessing.
A. Lan

21.042 Friendship, Love, and Desire

Prereq.: One subject In literature
U (2)
3-0-6

Changing significance of friendship and love in
Western culture. Self and other In literary and
historical perspective. Studies different values
associated with emotions In personal, political,
philosophical, religious, and psychological
contexts in different ages. Readings in Plato,
Aristotle, Augustine, Dante, Shakespeare,
Goethe, Flaubert, Proust, Mann, Nabokov,
Updike, and others. Syllabus vades.
D. M. Halperin

21.043 The Novel East and West

Prereq.: One subject in literature
U (1)
3-0-6

The novel of the Far East and the Third World
In the 20th century. Readings divided equally
between European and indigenous perspec-
tives. Emphasis on such topics as the modem
Japanese novel, the literature of European
colonialism, heroism In East and West, images
of the West. Novelists featured include such
figures as Forster, Narayan, Tanizaki, Mish-
Ima, Endo, Lu Haun, Pal Helen-Yung, Eileen
Chang, Conrad, and Neipaul.
S. Cheng

Periods of World Literature

21.060 Medieval Literature

Prereq.: One subject in literature
U (2)
3-0-6

Introduces literature of the Middle Ages, con-
centrating on such central writers and works
as St. Augustine, The Song of Roland
Beowulf, Dante, Chr6tlen de Troyes, Chaucer,
and the Pearl-Poet. Secondary reading on the
social context of medieval literature. Discus-
sion, short papers. Information: A. C. Kibel.

21.08 Renalesance Literature
Prereq.: One subject In literature
U (2) Next offred 198748
3-0-6

In alternate years, readings are organized
around specific topics (MagIc and the Arts of
Government, Renaissance Self-Fashoning, .
Families and Fortunes) or genres (lydo, epic,
drama). Works drawn primarily from the Italian
and English Renaissance, and Include such
figures as Shakespeare, Ariosto, Machiavelli,
More, Jonson, Spenser, Bacon, Wyatt, Donne.
P. S. Donaldson

21.065 Milton

Prereq.: One subject In literature
U (1)
3-M-
Studies in Paradise Lost and Milton's other
works, both verse and prose, In the context of
his life, literary tradition, and the social, cul-
tural, and religious upheavals that produced
the English Revolution in 1640. Discussion al-
temating with lecture, several short papers.
S. Mullaney

21.070 EIghteenth-Century Lltereture

Prereq.: -
U (1)
3-0-6

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 poll-
tics, gender stereotypes. Background read-
ings, lectures, slide-shows, group discussion.
Authors: Addison and Steele, Defoe, Swift,
Astell, Pope, Montagu, Richardson, Fielding,
Johnson.
R. Perry

21.071 Major English Novels

Prereq.: One subject in literature
U (2)
3-0-9
Study of 6 to 8 major English novels of the
18th, 19th, and 20th centuries, beginning with
Bunyan's Pilgrim's Progress and Including
works by such authors as Defoe, Richardson,
Fielding, Sterne, Austen, the Brontis, Dickens,
Hardy, Lawrence, Joyce, and Dods Lessing.
Historical and critical background readings
regularly assigned. Discussion, several
papers.
R. Goldberg

21.075 Irish Literature

Prereq.: -
U (2) Next oflered 1987-88
3-0-6

Studies in the literature and history of Ireland,
with special attention to periods of significant
social readjustment (the Famine, the Great Mi-
gration, the Easter Uprising, the CIi 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, Bernadette Devlin.
J. Hildebidle

21.076 Romantlc Poetry
Prereq.: One subject In literature
U (2) Next ofered 106748
3-0-6

Close readings of the major British Romantic
poets (Blake, Wordsworth, Coleridge, Byron,
Scott, Bums, Shelley, Keats), with some atten-
tion to their adaptation of older literary forms,
especially Medieval narrative and Renals-
sance verse. Discussion and several short
papers.
T. C. Theoharis

21.076 The Realistic Novel

Prereq.: -
U (1) Next offered 198748
3-0-6

A study of changing narrative forms In the
19th-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 Cervantes, Balzac,
Stendhal, Flaubert, Dostoevsky, Tolstoy,
Proust.
A. C. Kibel

21.080 Dostoevsky, Tolstoy, Chekhov:
Russian and the Modern Age
Prereq.: -
U (2)
3-0-9
Studies of artistic vision In modernizing Rus-
sia. Analyses of Notes from Underground, The
Brothers Karamazov, Anna Karenina, Hadl
Murat, Three Sisters, and shorter works. Dis-
cusslon, with reference to critical and blo-
graphical materials of the relation of artistic
works to society, culture, and historical
change.
R. E MacMaster

21.085 TwentIeth-Century Flotion

Prereq.: One subject In literature
U (1)
3-0-6

Tradition and Innovation In representative
fiction of the early modem period. Recurring
themes: the role of the artist in the modem
period, the representation of psychological and
sexual experience, the virtues (and defects) of
the aggressively experimental character of so
many modem books. Works by such writers
as Conrad, Kipling, Isaac Babel, Kafka,
James, Lawrence, Mann, Proust, Ford Madox
Ford, Joyce, Woolf, Faulkner, and Nabokov.
D. Thorbumn

21.086 Twentieth-Century Drama
Prereq.: One subject In literature
U (1)
3-0-6

Reading and discussion of major modem
plays (and some films) from Ibsen through
Beckett and beyond. Features works by such
authors as: Shaw, Chekhov, Lorca, Pirandello,
lonesco, Brecht, Miller, O'Neill, Williams,
Sartre, Hansbury, and Weiss.
W J. Paul
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21.067 Modernist Poetry
Prereq.: One subject in literature
U (2)
3-0.6
Studies important trends in modem thought
and sensibility as reflected in the poetry of the
20th century. Readings center on Yeats, Eliot,
Pound, Williams, H. D., and Frost, with some
consideration of such later figures as Roethke,
Plath, Berryman, Wilbur, Rich, and Hughes.
T. C. Theoharis

21.06 Contemporary Iterature
Prereq.: One subject in literature
U (2)

Fiction, drama, poetry, and film, mostly of the
1960s and 709. Focus on a wide range of
themes, as well as on experiments with liter-
ary and theatrical technique. Readings In such
figures as Beckett, Heller, Pinter, Weiss, Rich,
Lessing, Walter, Solzhenitsyn, O'Neill, Pyn-
chon, Nabokov, Momaday, Bellow. Format:
lectures, discussion, several short papers.
D. Thorbum

American Uterature

See also 21.006 Introduction to American
Literature

21.101 The American Novel

Prereq.: -
U (1, 2) HUM-D
3-0-9

Works by major American novelists, usually
beginning with Hawthorne or Melville and con-
cluding with a contemporary novelist. Major
emphasis on reading novsls 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, Fitzger-
ald, Faulkner.
Term 1: A. Lang
Term 2: C. G. Wolff

21.103J Literature, ideology, and National
Experience in th US
(Same subject as STS 601J)
Prereq.: -
U (2) HUM-D
3-0-6

See description under subject STS 601J.
L. Marx

21.104 Race and identity in Amerloan
Literature
(Now
Prereq.: -
U (2)
3-0-6

The quest for identity in the writing of Ameri-
ca's racIal and ethnic minorities. Emphasis on
the writers' problematic relation to the domi-
nant values and traditions of the majority cul-
ture. Readings In Douglass, DuBois, Twain,
Melville, Ellison, Wright, Malcolm X, others.
Discussion, occasional brief lecture.
J. Hdabie .

21.106 American Voices

Prereq.: -
U (1) Next offered 1987-88
3-0-6

Considers a variety of North Americans at-
tempting to define the dream of success. Ma-
terials: "high literature," folktales, slave
narratives, blues, films, songs, jokes, Indian
narratives, oral history. Reading and listening
Include selections from the works of Benjamin
Franklin, Miguel Pilero, Alice Walker, Black
Elk, Unda Brent, Michael Gold, Studs Terkel,
Maxine Hong Kingston. Restricted to 25
students.
L. Kampf

21.112 American Authors

Prereq.: One subject in literature
U (1) Next Ofered 1987-68
3-0-6

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. Typically, readings include
works by such writers as Twain, Melville,
Dickinson, Cabell, Chopin, O'Neill, Faulkner,
Baldwin, Frost. Format: Lecture-discussion,
papers.
C. G. Wa/ff

21.120 American Themes

Prereq.: One subject in literature
U (2) Next Offered 1987-68
3-0-6

Examines unifying themes In American cuiture
through a close reading of literary and extra-
literary texts. Special attention is paid to social
and historical context; emphasis on such Is-
sues as literary nationalism, cultural consen-
sus and conflict, and the existence of an
American literary style. Topic varies according
to instructor. Information: A. C. Kibel.

Seminars
21.171 Literary interpretation

Prereq.: Two subjects in literature
U (1)
3-0-9

Introduces practice and theory of literary criti-
cism. Seminar focuses on topics such as th-
history of critical methods and techniques and
the continuity of certain subjects in literary his-
tory. Limited to 12. Topic 198-87: Theory and
Practice of the Novel.
A. C. K/bel

21.172 Studies in Piotion

Prereq.: Two subjects in literature
U (1)
3-0-9

Intensive study of a range of texts by a single
author or by a limited group of novelists
whose achievements are mutually Ililuminating.
Some attention to narrative theory and bio-
graphical and cultural backgrounds. Term pa-
per based on seminar presentation. Topic for
1986 87: British Fiction Between the Wars.
D. M. Halperin

21.173 Studies in Drama

Prereq.: Two subjects in literature
U (1, 2)
3-0-9

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. Topics for 1986-87:
Term 1: O'Neill, Pinter, and Beckett. Term 2:
Plays and Playwriting. Writing of dialogue,
scenes, and possibly a one-act play. Reading
of recognized playwrights as appropriate. Vis-
its to local dramatic productions on occasion.
Terrn 1: T. C. Theoharis
Term 2: A. R. Gurney, Jr.

21.174 Studies In Poetry

Prereq.: Two subjects In literature
U (2)
3-0-9

Extensive reading in a few major poets. Em-
phasizes the evolution of each poet's work,
and questions of poetic Influence and literary
tradition. Topic for 1986-7: Blake and the
Romantics.
I. Tayler

21.175 Major Authors

Prereq.: Two subjects in literature
U (1, 2) Next offered 1987-68
3-0-9

Close study of a limited group of writers.
Term 1: T. R. Merrlit
Term 2: W. B. Watson
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21.176 Studis in Pil and Medla
(Now)
Prersq.: Two subjects in literature
U (2)
3.0-9
Intensive study of films of a particular riod
or gnre or ilma by a single director. opic for
1 N67: Hollywood Comedy of te

W J. POul

21.177J Problems In Cultural Interpretation
(Same subject as SP 402J)
Prerq.: Two subjects in literature
U (2)
3-.9
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 1986-87:
Feminist Uterary Critlcesm.
R. Perry

21.198 Spclei Topics In Literature
Prereq,: Two subjects in literature
U (1)
Arr.
21.199 Speolal Topls In Literature
Prereq.: Two subjects in literature
U (2)
An'.

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 ap-
proval of the Uterature faculty chairman and
the Department of Humanities. Humanities
credit for Special Topics subjects awarded
only by individual petitions to the Committee
on Curricula. Normal maximum Is units; to
count toward Humanitles Requirement, 9 units
are required. Exceptional 9-unit projects occa-
sionally approved.

See 21.708 The Bible and 21.706 The
Greeks

Foreign Languages and
Literatures

1820

The subjects listed below Include language
and literature courses given In French,
German, Greek, Rusan, Spanish, and
World Literature In Translation. All
language subjects In the iIY sequence
beer Humanities Distribution oredit. A
variety of literature subjects given In thti
original langu as well as some given in
English also offer Humanities Distribution
credit.

For guidelines on World Literature In
Transltio, coma to the Foreign
Languages and Literatures Office, 14N-207.

All foreign language subjects W-V are open
to graduat studmt for oredit.

For subjects In English as a Foreign
Language see 21.325-21.340.

French

The Indloation of prerequisites for speoiflo
French offerings doe not apply to
students who have aireedy accomplished
the equivalent work. For further placement
advise, attend the French Placement
Sesslon or oonsuit with a field advisor in
French.

Fundamental Language Subjects

All fundamental language subjects are
conducted In French.

21.201 French I

Prereq.: -
U (1, 2)
4-0-8

Introduction to the four basic language skills
and to French culture. Emphasizes intensive
oral training; practice In writing and reading;
regular use of language lab.
J. Wool

21.202 French 11
Prereq.: French I
U (1, 2)
4-0-

Practice in conversation, vocabulary building.
Completion of basic grammar. Supplementary
readings. Continued use of language
laboratory.
J. Wool

W7 I FW1 I - 7A1 .1 70791,,rf,

21.20i French IiI
Prereq.: French 11
U (1, 2) HUM-D
4-"

Practice In spoken French to develop oral
sills. Grammar review; further development of
writing skills; reading and discussion of literary
ind cultural materials. Continued use of lan-
guage laboratory, aural and video.
Ido Cowllrn

21.204 French IV

Prereq.: French Ill
U (1, 2) HUM-D
4-0-8

Final subject in French language sequence.
Prepares students for Intermediate subjects in
French literature and civilization. Reading and
discussion of.the contemporary novel, theatre,
poetry. Perfecting of writing skis through fre-
quent essays. Continued use of language lab-
oratory, aural and video.
G. Furstenberg

Intermediate Subjects in Language,
Literature, and Civilization

it is recommended but not required that
students take one of the following
IntermedIate-level subjects before enrolling
in 21.213 and above. All IntermedIate and
advanced subjects am oonducted entirely
in French.

21.207 French Conversation: Intensive
Practife
Prereq.: French IV
U (1, 2)
4-3-2

Systematic training in oral expression: com-
munication skills, fluency, and idiomatic
French. Audio and video tapes to improve
conversational techniques and other forms of
oral expression (debates, speeches, reports,
Interviews). Work In comprehension, phonet-
le, and intonation. Discussion material: news-
papers, magazines, cartoons, films, and varied
audio and video tapes dealing with issues In
contemporary France and the French-peak-
ing world. Intensive lab work. Special projects
(video and other) by students. Umited to 18.
G. Furstenberg

21.208 Writing in French: Intensive Practice
Prereq.: French IV
U (2) Next ofered 19674
3-0-8

Systematic acquisition of writing sidla. Empha-
sizes enrichment of vocabulary, the mastery of
complex grammatical structures, the reine-
ment of style, and techniques of composition.
Practice In different modes (descriptive, narra-
tive, argumentative) and forms (newspaper
articles, advertising, letters, technical and cre-
ative writing). Systematic exercises in gram-
mar, vocabulary, and stylistios. Weely
papers, each focusing on a different writing
mode and form.
'J. Brami
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21.2 Prenoh Cilation
Prereq.: French IV
U (1) HUM-D Next offered 197-8
3-0-

Investgates major social, Ideological, and aes-
thetic currents and cultural myths in French
cMilization from its beginnings to the eve of
the Revoludon. Study of selected texts of the
Middle Ages, the Renaissance, the 17th Cen-
tury, and the Enlightenment. Class presenta-
ions covering developments In painting,
architecture, and music. Devotes special at-
tention to the Improvement of French lan-
guage sills.
E S. 7urk

21211 Introduction to French Literature
Prereq.: French IV
U (1) HUM-D
3-0-6

A basic study of major French literary genres
- poetry, drama, and fiction - and an
Introduction to methods of literary analysis.
Authors include Racine, Molibre, Rousseau,
Balzac, Hugo, Flaubert, Baudelaire, Rimbaud,
Apollinaire, Duras. Special attention devoted
to the Improvement of French language skills.
J. Braml

21.212 The French Press
Prereq.: French IV
U (2)
3-0-

Explores political and social Issues of contem-
porary Interest In French society as expressed
In the daily and weekly French press. Read-
ings are extensive and Include a variety of
newspaper and magazine selections revealing
a wide range of public opinion In France. Cul-
tural differences between France and the
USA, as reflected in their respective presses,
are emphasized. Students are expected to
participate actively and to take tums leading
the discussions. Polemics are encouraged.
C. Lecuyer

Advanced Subjects In Uterature and
CMHlzatlon

All Intermediate and advanced subjects are
conducted entirely In French.

21.213 French Classical Literature From
Decoartes to Mollmre
Prereq.: French IV
U (1) Not to be offred 1987-8
3-0-6

Reading and Interpretation of masterworks in
17th-century French theater (Comeille, Mo-
ll6re, Racine), poetry (Malherbe, La Fontaine),
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. 8. Turk

21.214 From Enl htenment to Revolution:
Franos In the 1 Century
Prereq.: French IV
U (1) Next ofered 1987-66
3-0-6
Studies the major historical, philosophical, lit-
erary, and cultural developments that structure
the French Enlightenment and lead to the
French Revolution. Readings and discussions
focus on the fundamental Issues representa-
tive of 18th-century philosophy and culture:
man and his relationship to the world, to his
scientific and philosophical knowledge, to God,
to woman, and to his fellow man and society.
Texts Include selections from Beaumarchals,
Diderot, Marivaux, Montesquieu, Rousseau,
Voltaire.
K. Crecellus

21.217 Introduction to French Poetry

Prereq.: French IV
U (1) HUM-D Not to be offwtd 1987-66
3-0-6

Development of poetic forms, techniques, and
styles. Narrative, descriptive, baroque, polemi-
cal, lyric, and pure poetry, poetry of Ideas, and
the prose poem. Deals with poetry of Villon,
Marot, Ronsard, Bolleau, La Fontaine, Chen-
ler, Hugo, Nerval, Baudelaire, Rimbaud, Mal-
larme, Apollinalre, Valery, Eluard, Char,
Michaux.
R. E. Jones

21.218 Introduction to the French
Short Story

Prereq.: French IV
U (2) HUM-D Not to be offered 1987-88
3-0-6

Studies literary movements of the last three
centuries through short stories by major
French authors. Special attention paid to the
theme of the fantastic and the supematural.
Works by Voltaire, Balzac, Merimee,
Maupassant, Colette and Michel Toumler.
K. Crecellus

21.220 Masterworks of the French 19th-
Century Novel
(New)
Prereq.: French IV
U (1) Next Oed 1987-U
3-0-6

The golden age of the French novel. Empha-
sizes Romanticism, Realism, and Naturalism
in Balzac, Stendhal, Sand, Flaubert, and Zola.
Themes Include the Interaction of love, money,
and politics In the newly developed bourgeois
society of 19th-century France. Devotes atten-
tion to narrative techniques, representations of
reality, and the Influence of history and
science.
K. Crecellus

21.222 The French Novel In the 20th
Century
(Reteed Uni)
Prereq.: French IV
U (2) Next offered 1987-8
3-0-6
Techniques and themes of the modem novel
in works by Gide, Proust, Colette, Maudac,
Cocteau, Yourcenar, Camus, and Sarraute.
Themes include love, jealousy, adolescence,
responsibility to self and to others. Empha-
sizes the search for identity In an increasingly
fragmented and violent world.
J. Braml

21.223 Modern French Drama
(New)
Prereq.: French IV
U (1) Next offered 1987-68
3-0-6

Studies the tragedians Claudel and Monther-
lant; the poetic fantasy of Giraudoux; the so-
cial and philosophical theater of Lenormand,
Anoullh, Sartre, Camus; the avant-garde
works of Jarry, Apollinaire, Cocteau; plays by
Vian, Beckett, lonesco, and Genet. Special at-
tenton to evoMng concepts of the director,
actor, audience, stage design, and music.
R. E. Jones

21.224 Artistic and Intellectual Currents
of Modem France: Literature and ideology
(New)

Prereq.: French IV
U (2) HUM-D Not to be offered 1987-68
3-0-6
Traces the changing philosophical, political,
and artistic currents of 20th-century France as
reflected in significant fiction, essays, and
films produced between World War I and the
present. Writers and artists Include Breton,
Dali, Malraux, Sartre, Beauvoir, Camus, Bar-
raute, Robbe-Grillet, Resnais, Ophuls, Ber-
nard-Henri Levy, Witting. Cixous. Emphasizes
the role of art in creating and promoting new
values and the movements of Surrealism, Ex-
istentialism, the New Novel, New Philosophy,
and Feminism.
I. De Courtvron

21.225 Representations of Love in French
Literature
Prereq.: French IV
U (2) HUM-D Nct to be offered 1987-8
3-0-6

Examines a wide variety of texts which deal
explicitly with the theme and the problems of
love. Focuses on four main periods and types
of representations of love: the medieval period
and its code of chivalry, the 17th century and
Its debate between passion and reason, the
pro-romantic and romantic period and the
elaboration of a rhetoric of seduction, and the
final perversion of the romantic ideal. Authors
read Include Marie de France, Mollere,
Racine, Prevost, Lados, Constant, Musset,
Balzac, Flaubert, Duras.
K. Crecellus
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21.226 Introduction to French-Canadian
Literature
Prereq.: French IV
U (2) Next offered 196748
3-0-8

Study of French-Canadian literature and cul-
ture of the 20th century. Authors read Include
Gabrielle Roy, Marle-Claire Blals, Anne H6-
bert, Jacques Ferron, Michel Tremblay. Stu-
dents situate authors' works in their social,
political, and linguistic context; discuss the re-
lationship of i/ttdrature qudbeoolse to literary
movements In France; and examine the
preeminence of women writers in this national
literature.
K. Crocellus

21.228 French Film Classics

Prereq.: French IV
U (1) Next offered 198788
3-0-6

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, directorial style, role bf the
scriptwriter, the development of schools and
movements, the impact of political events and
Ideologies, and the relation between Frerch
and other national cinemas. Directors studed
Include Clair, Vigo, Feyder, Duvivier, Cam6,
Renoir, Clouzot, Ophuls, Godard, and Truffaut.
Films shown with English subtitles.
E. B. Turk

German

The indication of prerequistes for specific
German offerings does not apply to
students who have already accomplished
the equivalent work. For further placem
advice, attend the German Placement
Session or consult with a field advisor In
German.

Subjects numbered 21.230 to 21.248 may
be used to fulfill Institute requirements
Including concentrating and majoring in
German.

Subjects numbered 21.249 to 21.253 may
count to fulfill a concentration or a major
In German only upon special arrangement
with one of the Foreign Language
concentration and major advisors. Contact
Foreign Languages and Literatures Office,
x4771.

Fundamental Language Subjects

21.230 German Review
Prereq.: Permission of Instructor
U (1)
4-0-8

Reviews the grammar of German I and Ger-
man I1. Followed by some of the readings of
German 11. For students with incomplete pre-
vious preparation In German and for those
whose study of German is discontinuous. Stu-
dents may register for German Il upon suc-
cessful completion.
R. D Donato

21.231 German I
Prereq.: -
U (1, 2)
4-0-8

Basic principles of the German language. Fun-
damentals of pronunciation, Intonation, and
grammar. Acquisition of basic vocabulary.
Laboratory exercises to further communication
skills.
R. DI Donato

21.232 German i1
Prereq.: German I
U (1, 2)
4-0-8

Continued practice In pronunciation and Inton-
ation. Vocabulary building, review and exten-
sion of basic grammar. Practice In writing
short essays. Reading of short literary texts.
Introduces the history and culture of German-
speaking countries.
E Waldste/n

21.233 German ill
Prereq.: German Review or German I1
U (1, 2) HUM-D
4-0-8

Intensive review of German grammar. Reading
of works by such major 20th-century authors
as DOrrenmatt, Brecht, 8011, H. Novak, and
others. Compositions and discussions based
on these works, lab materials, and videotapes
on contemporary Germany. Recommended for
students with two or more years of high school
German.
D. Dolenmayer

21.234 German IV

Prereq.: German liI
U (1, 2) HUM-D
4-0-8

Systematic development of reading and writing
skills through discussion of literary texts
(Grimm, Kafka, Brecht) and training In compo-
sition. Sharpening of oral communication skills
through weekly use of authentic tapes and a
functional approach to vocabulary and
grammar.
C. J. Kramach

184D

Intermediate and Advanced Subjects
in Language, Literature, and Culture

All Intermediate and advanced subjects are
conducted entirely in German.

21.237 German Drama Workshop
Fremq.: German III
IU (1) Next offered 198748
3-3-8
Participatory German drama subject. Studies
several plays by one author or from one pe-
riod, of which one Is selected for rehearsal
and final performance. Intensive pronunclation/
intonation practice through instructor-
monitored laboratory sessions and small-group
rehearsals. No previous acting experience
necessary.
M. Ge/a/er

21.238 Advanced German Conversation
and Composition
Prereq.: German IV
U (2) Not to be offered 198748
4-0-8
Systematic training in speaking and writing
skills to Improve fluency and style. Informal
discussions and analyses of tapes by native
speakers, newspapers, and modem expository
prose. Focuses on everyday life in present-
day Germany and on controversial Issues,
East and West. In addition, students select a
special project on a topic of their choice.
C. J. Kramsch, R. D1 Donato

21.239 Introduction to German Literature
Prereq.: German IV
U (2) HUM-D Next offered 1987-88
3-0-6
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 lit-
erature: aesthetic, analytic, parodistic, and po-
litical goals. Conducted entirely in German,
omphasizing reading, speaking, and writing

D. Dollenmayer

21.240 German Culture and Society:
1750-1914
(Revised Content)
(21.247)
German IV
U (1) HUM-D Next offered 196748
3-0-6
German Enlightenment, impact of the French
Revolution on Germany, the failure of liberal-
Ism, the discrepancy between economic and
political development, and the increasing po-
larization of society as manifested In the var-
lous forms of cultural expression. Readings
include Lesing, Goethe, Schiller, Hegel,
Schopenhauer, Bochner, L. Otto-Peters, Marx,
Engels, Nietzsche, Wagner, Bismarck, B. von
Suttner and Freud.
E. Waldsteln.
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21.241 Fantasy and Reality In 19th-Century
German Literature
(Rvised Content)
Prereq.: German IV
U (2) HUM-D Next offered 1987-88
3-0-

Origin and development of political and cul-
tural movements in the 19th century (Romanti-
clam, Biedermeler, Young Germany, Realism,
Naturalism). Impact of these movements on
literary style, with emphasis on concepts of
fantasy and reality. Genres include traditional
forms (drama, novel, short prose, poetry) and
non-traditional ones (letters, diaries, reportage,
pamphlets). Writers include F. Schlegel, B. v.
Amim, -lderlin, Kleist, Grillpartzer, Heins,
B6chner, Keller, Fontane, Storm, Droste-H01-
shoff, Hauptmann and Nietzsche.
M. Gelsler, E. Waldsteln

21.242 From the Great War to an Uncertain
Peace: 20th-Century German Literature
(New)
Prereq.: German IV
U (1) Not to be offered 196748
3-"4
Literature of the German-speaking countries
viewed against the backdrop of history (World
War I, inflation and depression, National So-
cialism, the anti-Nazi resistance and exile,
World War 1I, the division of Germany, the
Cold War and detente) and cultural trends
(Expressionism, Dadaism, Fascist "culture,"
anti-fascist humanism, the 'new" beginning
after 1945 In East and West). Authors include
Hess, Th. and H. Mann, Brecht, Frisch,
Grass, Weiss, B|ll, and C. Wolf.
J. Rosellini

21.243 German Short Fiction

(21.242)
Prereq.: German IV
U (1) HUM-D Not to be offered 196748
3-0-6

Short fiction in the 19th and 20th centuries
(Novelle, Erzihlung). Representative works
read and discussed, emphasizing narrative
strategy, esthetic structure, social concem,
and historical context. Authors include Kleist,
E. T. A. Hoffmann, BOchner, Schnitzler,
DOblin, Musl, Grass, and Frisch.
D. Dollenmayer

21.244 Topics in German Literature
(New)
Prereq.: German IV
U (2)
3-0-6
German literary and cultural histcry from a
thematic perspective. Analyzes tht transfor-
mations of major themes in German culture
from the Middle Ages to the present. Refer-
ence to related developments In art, music,
film, and media. Emphasis on cultural, social,
and political ramifications of topics discussed.
Topics vary from one year to the next. Topic
for 19686-87: Friends in Need: Myths of Friend-
ship and Community In German Literature.
Readings include Des Nibelungenlied, Grim-
melshausen, Schiller, B. v. Amim, Kaiser,
DOblin, Christa Wolf; films by Pabst, Syber-
berg, Wonders.
M. Geisler

21.249 introduction to German Poetry
Prereq.: German IV
U (2) HUM-D Next offered 198748
3-0-6

Reading and studying poetry as an expression
of feeling, thinking, and being. Highlights po-
etry of Goethe, Schiller, Novalls, and
Elchendorff; then continues with major works
of two of the most Influential 20th-century
poets: Rilke and Celan; concludes with the
sampling of the work of a current poet. In-
cludes a careful study of recordings of profes-
sional recitations of poems, and of Lieder.
Readings and Instruction in German. Discus-
sion in German and English. The paper usu-
ally in English.
M. Dyck

21.250 Introduction to German Drama

Prereq.: German IV
U (1) HUM-D
3-0-6

Introduces the classical (Lessing, Goethe,
Schiller, Kleist), contemporary (B0chner,
Hauptmann, Kaiser, Brecht), and current Ger-
man drama (Frisch, DOrrenmatt, Weiss,
Handke, Hacks, and others). The general na-
ture of drama and the special features of this
genre in its German manifestations (particu-
larly tragedy, comedy, and various modem
and post-modem forms and techniques). Dis-
cusses recordings of German productions of
about half the plays covered. Conducted pri-
marily in German.
M. Dyck

21.251 Goethe: Faust

Prereq.: German IV
U (2)
3-0-6

A succinct introduction to Goethe's life, work,
and thought, parallel to a close study of both
parts of Faust, with attention to the tradition of
the theme and the major versions by other au-
thors (Marlowe, Valery, Thomas Mann). Con-
ducted primarily in German, with rqadings in
the original and lectures in German.
M. Dyck

21.252 The Modem German Novel
Prereq.: German IV
U (1) Next offered 1987-88
3-0-6

Reading and discussion of six German novels
from 1890 to present. Selected titles from
Thomas Mann, Heinrich Mann, Hauptmann,
Broch, Musil, JOnger, Kafka, Hesse,
Langgisser, Grass, and one current example
each from West and East Germany. Basic ele-
ments of fiction and of the novel. Students
read three novels in entirety and selections
from rest. Readings and instruction In Ger-
man. Discussion in English and German. Pa-
per normally in English.
M. Dyck

21.253 The World of Kafka

Prereq.: German IV
U (1) Next offered 198748
3-0-6

You are invited to enter the weird world of
Kafka through his major and minor prose
works: the novels (Der Prozess, Des Schloss,
Amerlka) and such shorter narrative pieces as
Das Urtell, Die Verwandlung, Ein HOngerkun-
stiler, and others. Instruction and readings In
German. Paper in English.
M. Dyck

Greek

21.265 Classical Greek I

Prereq.: -
U (1) Next offered 198748
4-0-8

Study of Attic Greek as a cultural subject.
Basic text Chase and Phillips, A New Intro-
duction to Greek, is supplemented with var-
lous readers and xeroxed passages. Through
special emphasis and quotations the cultural
significance of the linguistic matters treated
are brought into focus. Greek views of fate,
love, death compared and contrasted with
Christian and modem ones. By the end of the
first term students have read the creation-ac-
count from Genesis and the Christmas story
from Luke.
H. A. T. 0. Relche

21.256 Classical Greek 11

Prereq.: Greek I
U (2) HUM-D Next offered 198748
4-0-8

Emphasizes syntax and easy composition. In
addition to Chase and Phillipe students do
easy selections from Lucian, Xenophon, and
Plato. Attention given to the subject matter
covered in the readings to bring out Its signifi-
cance and thus to help motivate continued
student interest. Emphasizes recognition
rather than memorization. Also, selections
from Greek mathematics, medicine, and
astronomy.
H. A. T. 0. Relche

21.257 Greek Literature I

Prereq.: Permission of Instructor
U (1) Next offered 196748
4-0-8

First exposure to complete, relatively easy,
texts such as Plato's Apology or Crito or Ion
or Eutyphro and, in poetry, Euripides'
Hippolytus or Aristophatn~s' Clouds. Students
encouraged, through outside readings of dis-
tinguished secondary work and class discus-
sion, to place the works studied in a broader
context of literary, philosophical, and cultural
history. Introduces problem of style, in part
through suitably chosen exercises in prose
composition. Selections from Odyssey.
D. M. Halperin
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21.28 Greek Literature i1

Prereq.: Greek Literature I
U (1) Next offered 1987-88
4-0-8

Exposure to complete texts continued, but to
texts of somewhat greater inherent difficulty,
both prose and poetic. Some lyric poets; one
or two complete books of either Odyssey or
Iliad; Sophocles' Antigone. Selected outside
reading and class discussion of distinguished
secondary work (e.g., Matthew Arnold, Bowra,
Jaeger, Kitto, Stanford) to supplement the lin-
guistic side. Lysias' Against Eratosthenes in its
historical context and as model for occasional
exercises In prose composition.
H. A. T. 0. Reiche

21.259 Greek Literature iI

Prereq.: Greek Literature 11
U (1) Next offered 1067-66
4-0-8
Selected books of Iliad coupled with introduc-
tion to problems of oral culture and the so-
called Homeric Question. Then either
Aeschylus' Prometheus Bound or Sophocles'
Oedipus King. Finally, Pericles' Funeral Ora-
tion from the second book of Thucydides.
Reading and discussion of such additional
works as Cornford, Thucydides Mythistoricus
and Nietzsche's Birth of Tragedy serve to
raise the questions of historical "truth" and the
meaning of tragedy.
H. A. T. 0. Reiche

21.260 Greek Literature IV

Prereq.: Greek Literature iI
U (2) Next offered 1987-88
4-0-8

Aeschylus' Agamemnon, Euripides' Bacchae
(or Aristophanes' Frogs), and Thucydides' ac-
count of the Sicilian Expedition (Bks VI and
VII) or Bks I and X of Plato's Republic. Atten-
tion to selected textual problems, metre, style,
and idiom. Those Interested may flesh out
Plato's Myth of Er with selections from Plato's
Tlmaeus.
H. A. T. 0. Reiche

Russian

The Indication of prerequisites for specific
Russian offerings does not apply to
students who have already accomplished
the equivalent work. For further placement
advice, attend the Russian Placement
Session or consult with a field advisor In
Russian.

Fundamental Language Subjects

21.261 Russian I
Prereq.. -
U (1)
4-0-8
Basic grammar and practice in the elements of
Russian. Emphasis on learning to speak and
understand as a prerequisite for effective com-
munication In Russian and as a basis for uu-
quiring reading and writing skills. Extensive
use of language laboratory.
A. Perkins

21.262 Russian i1
Prereq.: Russian I
U (2)
4-0-8
Continuation of 21.261. Develops ability to use
the language through systematic study of
grammar. Continued practice in understanding
and speaking, with a gradual transition to
reading and writing. The second part of the
term seeks to integrate language skills and
develop control of vocabulary through read-
ings which serve as a basis for conversation
and composition. Regular work in language
laboratory.
A. Perkins

21.263 Russian II
Prereq.: Russian li
U (1) HUM-D
4-0-8

Reading and discussion of historical texts,
stories, and poems providing background for
understanding Russian literature and contempo-
rary Soviet culture. Reviews grammar with the
help of oral and written exercises. Systematic
study of word formation and other strategies to
free student from dependency on the diction-
ary. Develops aural comprehension in the lan-
guage laboratory. Compositions based on
readings and recordings integrate communica-
tion skills and help retain content. Information:
C. V. Chvany

21.264 Russian IV

Prereq.: Russian Ill
U (2) HUM-D
4-0-8

Reading of literary and expository texts se-
lected to provide an understanding of Soviet
life and culture. Emphasizes development of
skill and confidence in reading unedited texts.
Aural comprehension developed through brief
lectures on cultural topics as well as through
taped materials. Discussion and brief papers
based on readings. Attention to problems of
grammar and style, with a view to improving
facility in oral and written expression.
E. Semeka.

Advanced Subjects

21 265 Advanced Russian Composition and
Conversaltien
Prereq.: Russian IV
U (1) Next offered 1987-8
4-0-8

Review and systematization of the structure of
modem Russian. Intensive training in spoken
and written skills to improve fluency and style.
Discussions and analyses of short works of
fiction and nonfiction illustrating the various
styles of spoken and written Russian. Empha-
sIe varies in altemate years. Extensive use of
taped materials. Conducted in Russian.
C. V. Chvany

21.266 Advanced Spoken Russian

Prereq.: Russian IV
U (1) Not to be offered 1987-68
3-1-5

Practice in speaking and understanding mod-
em colloquial Russian. Extensive use of taped
materials for Intonation practice and aural
comprehension. Reading of short drama, fic-
tion, and nonfiction featuring dialogues. In-
creases control of an active vocabulary and its
grammar, while expanding passive vocabulary
and aural comprehension. Practice in recog-
nizing regional, social, ethnic dialects. Com-
parison of literary and textbook dialogues with
recordings of actual conversations.
C. V. Chvany

21.268 Topics in Russian and Soviet
Culture for Bilinguals

Prereq.: Proficiency in Russian as
determined by instructor
U (1) HUM-D Next offered 1987-8
3-0-6

Introduces problems and controversies of So-
viet life and culture. Expository and literary
texts provide the necessary background; cur-
rent issues elucidated through the eyes of
contemporary poets, singers, and performers
- the so-called "Soviet Bards." Selected
songs deal with matters such as individual vs
the state; generation gaps; men, women, and
family. The focus this year is on Okudzhava,
Galich, and Vysotsky.
E. Semeka
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21.289 introduction to Russian Literature I Spanish
Prereq.: Russian IV
U (2) Next offered 1987-88
3-0-9

The subject has a double aim: a) continued
practice in composition and stylistics: b) ac-
quaintance with the foundation of modem
Russian literature through the most important
and characteristic works of Pushkin, in verse
and in prose, including Evgenij Onegin. Pro-
vides a context through short works by other
Russian writers, selected mostly from Obolen-
sky's anthology, The Heritage of Russian
Verse. Introduces critical method and literary
terminology, as the texts are analyzed both
historically and structurally. Conducted In
Russian.
C. V. Chvany

21.270 Pushkin and His Successors

Prereq.: Russian IV
U (2) HUM-D Not to be offered 1987-88
3-0-9

Acquaints the student with the foundations of
modem Russian literature through the most
important and characteristic works of Pushkin
and his successors, mainly Turgenev and
Chekhov. Among works analyzed are Eugene
Onegin by Pushkin, Asja and mystical stories
by Turgenev, The Darling and In the Cart by
Chekhov. Intensive work on composition and
stylistics. Conducted in Russian.
K. Pomorska

21.271 Contemporary Russian Pros and
Poetry

Prereq.: Russian IV
U (1) Not to be offered 1987-88
3-0-9

A study of Russian literature from 1954 up to
our time. Besides the writers of the so-called
"thaw period" (V. Panova, I. Ehrenburg), such
authors as A. Solzhenitsyn, L. Chukovskaya,
and poet-singer B. Okudzhava are included.
Conducted In Russian.
K. Pomorska

The Indication of prerequisites for specific
Spanish offerings does not apply to
students who have already accomplished
the equivalent work. For further placement
advice, attend the Spanish Placement
Session or consult with a field advisor In
Spanish.

Fundamental Language Subjects

All fundamental language subjects are
conducted in Spanish.

21.275 Spanish I

Prereq.: -
U (1, 2)
4-0-8
Introduction to understanding, speaking, read-
ing, and writing Spanish. Maximal use of
fundamentals of grammar in active communi-
cation. Language laboratory program coordi-
nated with and supplementary to class work.
D. Morgenstem

21.276 Spanish 11
Prereq.: Spanish I
U (1, 2)
4-0-8

Continuation of Spanish I. Increased practice
in reading. Conducted in Spanish whenever
practical.
J. W Harris

21.277 Spanish liI
Prereq.: Spanish 11
U (1, 2) HUM-D
4-0-8

Alms at consolidation and expansion of skills
in oral comprehension, speaking, reading, and
writing. Uses short texts, taped interviews, and
movies to study specific social issues of cur-
rent interest in Hispanic culture.
E. Lilienfeld

21.278 Spanish IV

Prereq.: Spanish Il
U (1, 2) HUM-D
4-0-8

Continued improvement in oral and written
comprehension and expression for literary,
language, and cultural studies, as well as for
non-scholarly use of Spanish. Materials in-
clude film and radio broadcasts in addition to
a selection of poetry and prose by modern
masters, such as Borges, Garcia Mdrquez,
Rulfo, and Lorca.
E. Lilenfeld

21.279 Oral Communication In Spanish

Prereq.: Spanish II
U (2) Next offered 1987-88
3-0-6

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;
other materials include newspapers and mag-
azines. Arranges systematic exchanges with
native speakers. Student projects involve
reading, oral presentations, and classroom In-
teraction. Emphasizes communication skills
needed by students in engineering and man-
agement for work In Latin America or Spain.
D. Morgenstem

Intermediate Subjects in Language,
Literature, and Culture

it Is recommended, but not required, that
students take one of the following
Intermediate level subjects before enrolling
In 21.288 and above. All intermediate and
advanced subjects are conducted entirely
in Spanish with the exception of 21.293.

21.281 Spanish Conversation and
Composition
Prereq.: Spanish IV
U (1)
3-0-6
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 lit-
erary texts, periodicals, and local Spanish-lan-
guage media. Focus is on everyday life in the
contemporary Spanish-speaking world.
D. Morgenstern

21.282 Spanish for Bilingual Students

Prereq.: Fluency In a Spanish dialect
U (2) HUM-D Not to be offered 1987-88
3-0-9

Designed for students of Hispanic background
brought up in the US. Expands oral and writ-
ten 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 non-literary readings are in En-
glish; class discussions in Spanish.
D. Morgenstern

21.283 Spanish Drama Workshop
Prereq.: Spanish IV
U (2)
3-3-6

Participatory Spanish drama subject. Studies
several plays by one author or from one pe-
rod, of which one is selected for rehearsal
and final performance. Intensive pronunciation/
vocabulary expansion practice through instruc-
tor-monitored laboratory sessions and small-
group rehearsals. Students work on writing
their own one-act plays. No previous acting
experience necessary.
M. Delgado
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21.284 Introduction to Latin American
Culture
Prereq.: Spanish IV
U (2) HUM-D Next offered 1987-8
3-0-6

Overview of Latin America's cultural and liter-
ary development from the Discovery and Con-
quest to the present. Addresses through a
study of literary texts, film, art, and music the
questions of racial and cultural heterogeneity
In Latin America, the area's psychological re-
lationship to Europe and the US, and particu-
lar ways in which the society experiences
tradition and social change. Not open to native
speakers.
E. Garrels

21,285 Introduction to Spanish Culture

Prereq.: Spanish IV
U (1) HUM-D Not to be offered 1987-88
3-0-6

Studies the major social, political, and aes-
thetic modes which have shaped Spanish civi-
lization. Coordinates the study of literature and
the arts 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 distinctively
Spanish literary and artistic movements. Spe-
cial emphasis on the Spanish Civil War and its
aftermath.
M. Resnick

Advanced Subjects in Literature and
Culture

21.286 Latin American Literature 1492-
1898: Creation of a Continent

Prereq.: Spanish IV
U (2) HUM-D Not to be offered 1987-8
3-0-6

Traces the creation of a new literature to re-
cord 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: these include texts by Col6n, Bemal
Diaz del Castillo, Sor Juana Ines de Ia Cruz,
Esteban Echeverria, Jos6 Hemendez, Ricardo
Palma, and Jose Marti.
E. Garrels

U (2) Next offered 1987-88
3-0-6
Studies masterpieces of the short story pro-
duced in Spain and Latin America. Considers
the short story as a genre with unique possi-
bilities for expression, and also as a sociologi-
cal phenomenon responding to particular
historical circumstances affecting both writers
and their readership. In addition, students
write original stories based on analyses of
narrative techniques employed by such au-
thors as Borges, Cortezar, Martin Galts, Aub,
and Peri Rossi.
M. Resnick

21.290 Literature and Social Conflict:
Perspectives on Modem Spain
Prereq.: Spanish IV
U (2) HUM-D Next offered 1987-8
3-0-6

Considers how major literary texts illuminate
principal issues in the evolution of modem
Spanish society. Emphasizes the treatment of
such major questions as the exile of liberals in
1820, the concept of progress, the place of re-
ligion, urbanization, rural conservatism and
changing sexual roles, and the Spanish Civil
War. Authors studied include: P6rez Gald6s,
Pardo Bazen, Unamuno, Ortega y Gasset,
Salinas, Lorca, La Pasionaria, and Falcon.
Conducted in Spanish.
M. Resnick

21.291 The Family In Spanish American
Literature

Prereq.: Spanish IV
U (1) Next offered 1987-88
3-0-6
Considers works of modern Spanish American
literature which deal with relations of power
and the definition of sex roles in the Hispanic
family. Also considers the use of the family as
a metaphor for larger societal units, the ideali-
zation of the family, and its portrayal as a
haven from society's indifference and chaos.
Works include novels and short stories by
Donoso, Cortezar, Garcia Mirquez, Villaverde,
Bombal, de Ia Parra, as well as Sarmiento's
autobiography. Conducted in Spanish.
E. Garrels
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21.267 Twentieth-Century Latin American 21.292 Cervantes and His Age
Literature: The Alchemist's Laboratory or& a a Iah IVPrere : an 96746
Prereq.: Spanish IV
U (2) HUM-D Next offered 198748
3-0-6

Through reading poetry, novels, and short sto-
ries, students encounter a variety of creative
responses to the complex and troubled reality
of contemporary Latin America: from fantasy
to social protest, from personal confession to
the literary subversion of the language of
demagoguery and mass media. Authors stud-
led include Dario, Vallejo, Quiroga, Neruda,
Arguedas, Rulfo, Borges, and Garcia
Merquez.
E. Garrels

Starts with the modem languages and pro-
ceeds 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; modem di-
alects; reading of representative texts of ear-
lier periods. Discussion and readings in
English and Spanish. Spanish iII or equivalent
normally provides sufficient preparation.
J. W Harris

Literature in Translation

21.296 Introduction to European and Latin
American Fiction
Prereq.: -
U (2) -UM-D Not to be offered 198748
3-0-6

Studies great works of European and Latin
American fiction. Attention to a variety of
forms: the short story, novel, dialogue, and
documentary. Emphasizes way in which the
unique history of each country shaped the im-
aginative responses of its writers. Authors
read include Flaubert, Borges, Brecht, Goethe,
Cervantes, Lacios, Tolstoy, Stendhal, Garcia
Marquez, and Colette.
M. Resnick

21.297J Sex Roles in Fiction: Europe and
Latin America

(Same subject as SP 432J)
Prereq.: -
U (1) HUM-D Next offered 1987-4
3-0-9

Examines the representation of sexual roles in
fiction. Studies works by European and Latin
American authors in their cultural and histori-
cal contexts. Themes emphasized: bourgeois
women, women rebels, and redefinition of sex
roles. Comparative analysis of works by:
Laclos, Fontane, Moliire, Sor Juana In6s de
Ia Cruz, Zola, Stefan, Lorca, Wolf, Wittig, and
Puig. Materials used include films by: Godard,
Bufluel, Saura, M. v. Trotta.
L. do Courdwvon, M. Reanick

21.288 The Modem Short Story in Spain Prereq.: Permission of Instructorand Latin America U (1) Next offered 198748
Prereq.: Spanish IV 3-0-6

Humanities

U (1) Next offered 1987-8
3-0-6

Critics have long recognized Spain as the
birthplace of the novel and have seen in Don
Quijote dela Mancha the prototype for this
genre. Concentrates 3n Don Oulote but also
considers the author Cervantes as an out-
standing example of the humanist in 16th-cen-
tury Spain and Europe. Attention to Cervantes'
humor and irony as well as his ideas on reli-
glon, justice, love, language, and artistic
creation.
E. Garrels

21.293 History Of the Spanish Language
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21.299J New Women's Voloee
(Same subject as SP 431J)
Prereq.: -
U (1) Not to be offered 1987-8
3-0-6

Contemporary women writers and the charac-
ters they create. Themes include the socialize-
tion of women In several patriarchal cultures,
strategies of adaptation and/or rebellion, rela-
tionship to love and work, and search for iden-
tity. Experirentations with new narrative
techniques to convey women's experiences of
the past and visions of the future. Novels,
short stories, poetry, and films by Doris Less-
Ing, de Beauvoir, Clxous, Toni Morrison, Mar-
garet Atwood, Christa Wolf, Rita Mae Brown,
Maria Lulsa Bombal, Alice Walker, Ursula
LeGuin, Von Trotta, and Duras.
L. do Courtivron, E. Waldstein, M. Resnick,
M. Richardson

21,300J Courtship Themes in Romance
Literature
(Same subject as SP 434J)
Prereq.. -
U (2) H .v-D Next offered 1987-88
3-0-6

Study of recurrent patterns of courtship in ma-
jor works from France, Spain, Spanish Amer-
le, 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 conven-
tional sex roles and the Institution of marriage
are examined. Authors include: Fernando de
Rojas, Cervantes, Balzac, Pulg, Zola, the
Three Marias, Machado de Assis, Garcia Mer-
quez, Chateaubriand, Wittig and Bombal.
M. Resnick

21.301 Evil and Decadence In Literature

Prereq.: -
U (2) Next offered 1987-66
3-0-6

Studies evil and decadence in literature,
starting with Job, Petronius, and Dante.
Emphasizes French and English authors
including the Marquis do Sade, Byron,
Shelley, Laclos, Baudelaire, Rimbaud,
Flaubert, Lautreamont, Huysmans, Mirbeau,
Wilde, Gide, Mann, Firbank, Corvo, Genet,
Huxley, Golding. Students encouraged to read
some of the texts in the original.
R. E. Jones

21,302 The Occult, Mysticism, Religious
Heresy, and Literature
Prereq.: -
U (1) Not to be offered 1987-88
3-0-9

Studies religious beliefs alternative to Chris-
tianity and their influence on Western literature
of the last 200 years. The Tarot, doctrines of
the Gnostics, Manicheans, Bogomiles, Ca-
thars, Ililuminists, Theosophists, Free Masons,
Swedenborgians. Readings from Blake, Restif,
Byron, Hugo, Balzac, Nerval, Baudelaire, Dos-
toevski, Strindberg, Yeats, Jung, Dinesen,
Poe, Kafka, Tryon, Fowles. Also related
themes in art and music.
R. E. Jones

21.303 Twentloth-Contury French Literature
Prereq.: -
U (2) HUM-D Not to be offered 1987-8
3-0-9

Major writers and literary movements (Surreal-
Ism, Existentialism, Pataphysics) In France
since 1900. Texts are chosen from the works
of Gide, Proust, Cline, Malraux, Bomanos,
Sartre, Camus, do Beauvoir, Giraudoux, Clau-
del, Anouilh, Beckett, lonesco, Genet, Breton,
Artaud, Queneau.
R. E. Jones

21.304 TwentIeth-Century European Drama
Prereq.: -
U (1) Next offered 1987-8
3-0-6

Study of major playwrights, directors, and the-
orists of the theatre in France, Scandinavia,
Russia, Germany, Italy, and Spain. Among the
authors studied are Strindberg, Chekhov, Pir-
andello, Lorca, Claudel, Giraudoux, the Surre-
alists, the Expressionists, Brecht, Weiss,
Arrabal, Sartre, Anouilh, Beckett, lonesco, Ge-
net. Students attend current productions in the
Boston area.
R. E. Jones

21.305 Proust
Prereq.: -
U (2) Next offered 1967-8
3-0-9

Study of the early works and Remembrance of
Things Past. Emphasizes: transformation of
the novelistic form, role of the artist, concept
of time, aesthetic views, portrayal of a decay-
Ing society, sexual ambivalence, philosophy of
love. Students who know French are encour-
aged to read the works in the original,
R. E. Jones

21.306 The German Cinema

Prereq.: -
U (1) Not to be offered 1987-88
4-0-5

Overview of the German film since its begin-
nings, emphasizing the New German Cinema
of the 70s. Weekly screenings. Lectures and
discussions deal with technical and aesthetic
as well as socio-historical problems. Students
keep weekly journal based on thorough analy-
sie of films as well as readings on social and
historical background. Directors include: Lang,
Ruttmann, Pabst, Schilndorff, Wonders, Her-
zog, Fassbinder, Lilienthal, M. v. Trotta. Con-
ducted in English. Films shown with English
subtitles.
M. Gelsler

21.307 Modern German Novels In
Translation
Prereq.: -
U (1) Next offered 1987-66
3-0-6

20th-century fiction from Germany, Austria,
and Switzerland. Emphasizes major themes
(bourgeois conventions and rebellion against
them, role of the artist, Individual and collec-
tive guilt, the metropolis, World War 1i and its
aftermath), development of novel form, narra-
tive structure, social and historical context. Au-
thors include Thomas Mann, Kafka, Doblin,
Grass, Christa Wolf. Showing of a film version
of at least one novel.
D. Dollenmayer

21.308 Seminar in Kafka

Prereq.: One subject in any literature
U (2)
3-0-6

A thorough study of Kafka's novels, longer
stories, mic.ostories, and autobiographical
writings. The human condition according to
Kafka in the Age of Anxiety and beyond. Fol-
lowed by a more concentrated study of the
Kafka canon and mystique in exegetic terms
ranging from theological and philosophical
through the more strictly literary to psychologi-
cal and sociological. Participants write one
major paper (20 to 40 pages) and make one
oral report. Readings in translation.
M. Dyck

21.309 German Avant-garde Theater

Prereq.: -
U (1)
3-0-6

Innovative practitioners and theorists on the
German stage from the turn of the century to
the present time. Naturalism, impressionism,
expressionism; epic theatre; variously trans-
muted new forms of comedy and satire; ex-
perimental, documentary, and political drama.
Hauptmann, Wedekind, Hofmannsthal, Toller,
Hasenclever, Kaiser, Stemheirm, Brecht,
Weiss, Zuckmayer, Frisch, D0rrenmatt,
Handke, Hacks, and others. Readings in
translation.
M. Dyck

21.310 Masterpieces of Hispanic Culture
(New)
Prereq.: -
U (1) HUM-D Not to be offered 1987-88
3-0-6

Subject studies major works of Hispanic litera-
ture, film and art, including the Poem of the
Cid, Cervante's Don Quijote (selections), Lor-
ca's Three Tragedies, Garcia Marquez's One
Hundred Years of Solitude, short stories by
Borges, Cortazar and Rulfo. Films by Bunuel,
as well as paintings by Goya, Velazquez, and
Picasso allow students to trace development
of Hispanic Culture through focus on fanati-
cism, honor, and the grotesque, as well as on
humor as a way to cope creatively with the
world, or to escape from it. All readings and
discussions in English.
E. Garrels
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21.314 Slavio Cviliuston: Gods, Demons,
and the Supernatural
(NOW)
Prerq.: -
U (2) HUM-D Not to be offered 19748
3-6
Explores the symbolism of Slavic, especially
Russian, fairy tales and mythology In light of
universal mythological traditions. Conducts
structural analysis of myths and folk tales, em-
phasizing recurrent pattems. Emphasizes the
role of Slavic and Western folkloric traditions
in the development of classical Russian liters-
ture from Pushkin and Gogol. Offers an over-
view of the transformations of traditional myths
and motifs In 20th-century Russian literature.
E. Senrna

21.315 Russian Short Story
(New)
Prereq.: -
U (1) HUM-D Not to be offered 1987-46
3-0-6

The great development of Russian prose from
Pushkin's Tales of Belkin and "Queen of
Spades" through Gogol, Lermontov, Turgenev,
Tolstol, Dostoevskl, Leskov, and Chekhov.
The growth of the short story as a structure as
well as the history of themes and Ideas per-
taining specifically to this genre. To disclose
differences and Influences, a sampling of
Western European prose, as well as modem
Soviet stories, are discussed. Some contrast-
Ing genres, such as Turgenev's novel Rudin
and Pushkin's Eugene Onegin are analyzed.
C. V. Chvany

21.317 Russian Novel of the 19th Century

Prereq.: -
U (1) HUM-D Next offered 198748
3-0-6

The development of the novel in Russia in the
context of the evolvng 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 historical and so-
cial Issues which determined the creative mil-
leu of Pushkin, Lermontov, Gogol, Tolstoy,
Dostoevsky. Their relation to Stems, Byron,
Walter Scott. Students with a knowledge of
Russian encouraged to read some texts In the
original.
K. Pomorska

21.318 Soviet Literature and Moral issues
Prereq.: -
U (1) Next offered 198746
3-0-6

Study of the moral challenges by writers such
as Solzhenitayn, Grossman, and Chukov-
skays; and of the ideological dilemmas of to-
talitarianism, socialism, and freedom In the
post-Stalin period. The new point of view on
war and patriotism represented by writers-par-
ticipants In World War 11. Poetry by Evtush-
enko and Voznesensky, and the poet's new
Idendty.
E. Someka

Senior Seminar

21.319 Senior Seminar for Majors In
Foreign Language and Literature
(21.320)
Prereq.: -
U (2)
3-3-0

A workshop focusing on the specific task of
thesis writing on topics in foreign literatures.
Problems of methodology, organization, and
critical writing addressed by means of facuity
and student presentations. Gives special
attention to research problems In foreign liter-
atures Including the Identification of biblio-
graphic tools and the acquisition of materials
from foreign sources. Consult C. J. Kramsch.

Studies in Language

21.320J Linguistic Theory and Second
Language Acquisition
(New)
(Same subject as 24.948J)
Prereq.: Permission of Instructor
G (2)
3-0-6

See description under subject 24.948J.
W O'Neill, S. Flynn

21.321J The Study of Language

(Same subject as 24.900J)
Prereq.: -
U (1,2) HUM-D
3-0-6

See description under subject 24.900J.
J. W Harris, W O'Neil, J. R. Ross,
S. Bromberger

21.322J Language and Its Structure
(Same subject as 24.901J),
Prereq.: 21.140J or 24.900J
U (2)
3-0-6

See description under subject 24.901J.
J. W Harris

21.323 Language In Discourse
Prereq.: -
U (2) Next offered 1987-8
3-0-6

Applies methods and Insights of contemporary
lInguistics and related disciplines in analyzing
and understanding ordinary uses of language,
as well as literary texts. Includes: speech vs
writing, functions and styles of language, word
meanings and textual cohesion, metaphor In
everyday language and In literature, dialogue
and narrative, language change and the aging
of texts. Examples in English Include transla-
tions from languages represented in class.
C. V. Chvany

21.324 Workshop In Transladon
Prereq.: Permission of Instructor
U (2) Next ofred 192746
3-0-8

For students who wish to translate short sto-
rise, essays, or poems Into English. Class In-
cludes the study of technical, historical, and
theoretical aspects of translation, as well as
discussion of students' work. Cdtcay oxam-
Ines models of translation, both classical and
contemporary. Gives attention to linguistic
problems of translation. Students complete a
translation project which they elaborate In con-
sultetion with the faculty. Knowledge of any
second language at an Intermediate level or
above Is usually sufficient.
C. V. Chvany

English as a Second Language

21.325 English I: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1) Next offered 198746
3-0-6

Review of the fundamental principles of En-
glish structure, American pronunciation, and
intonation. Vocabulary building, readings, lis-
tening comprehension, and conversation sklus.
Supplemental language laboratory program.
K Iving

21.326 English U: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-0-

Continued development of skills In oral coi-
prehension, speaking, reading, and writing.
Activities, which Include language laboratory
work, reinforce understanding and lead to an
increased ability to communicate.
K. Irving

21.327 English Ill: English as a Second
Langufge
Prereq.: Placement test or Permission of
Instructor
U (1,2)
3-0"
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
culture.
S. Flynn
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21.3 Englieh IV
Prereq.: Placement test or Permission of
Instructor
U (2)
3-0-9

Sharpening of both aural/oral and written corm-
munication skills. Systematic study of formal
and informal discourse, word choice/use and
Idioms. Informal discussion of language and
American cultural issues through analyses of
audiovdeo tapes and readings.
K. living

21.331 Development of Listening and
speaking Skile: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-3-3

Provides intensive practice in idiomatic oral
communication and listening comprehension
for students who have mastered complex
grammatical structures of English. Fall term
focuses on presenting reports, explanations,
and seminars to class using various ap-
proaches and styles. Gives some considera-
tIon to appropriate teaching methods. Valuable
for those who Intend to teach or lecture in En-
glish. Spring term focuses on the management
of conversations within a variety of social con-
texts. Language laboratory assignments.
S. Flynn

21.333 Expository Writing I for
Undergraduates: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1)

Reading, discussing, summarizing, and para-
phrasing articles and essays In nontechnical
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
grammar. Special focus on strengthening skills
of bilingual students.
K. Irving

21.334 Expository Writing 11 for
Undergradustes: English as a Second
Language
Prereq.: Placement test or Permission of
Instructor
U (1, 2)
3-0-6

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. Devel-
ops idiomatic prose style. Gives attention to
grammar and vocabulary usage. Special focus
on strengthening skills of bilingual students.
Successful completion satisfies Phase I of the
Writing Requirement.
S. Flynn

21.338 Expository Writing for Graduate
Stuents: English as a Seoond Language
Prereq.: Placement test or Permission of
Instructor
G (2) Next ofered 18748
3-0-6

Extensive writing assignments in English es-
says to practice the rhetorical and stylistic pat-
tome under consideration. Topice progress
from the basics of sentence structure through
transitions and paragraph formation to organl-
zation of entire essay. Devotes some attention
to other kinds of writing: grant proposals,
thesis proeds, job applications, and istters.
K. lmng

21.337 Workshop In Writing for Science
and Engineering: English as a Second
Language
Prereq.: Placement test
G (12)
3-0-8
Analysis and practice of various forms of sol-
entific and technical writing, from abstracts to
joumal articles. Detailed analysis of problems
of conveying technical information to a spe-
cialist audience. Comparable to 21.780 but
methods designed to deal with special prob-
lems of those whose first language is not
English.
C. Sawyer-Lauganno

21.338 Workshop in Writing for the Social
Solences and Architecture: English as a
Second Language
Prereq.: Placement test
G (1)
3-0-

Advanced subject focusing on techniques, for-
mat, and prose style necessary for research
papers. Emphasis on writing as required in
fields such as Economics, Political Science,
and Architecture. Methods designed to deal
with special problems of those whose first lan-
guage Is not English.
C. Sawyer-Lauganno

21.339 Workshop in Writing for Science
and Engineering: English as a Second
Language
Prereq,: Placement test
U (1, 2)
3-0-6

Analysis and practice of various forms of sci-
entific and technical writing, from abstracts to
joumal articles. Short assignments - includ-
ing abstracts, memos, progress reports, pro-
cess analyses, and proposals - build toward
a written term project and oral presentation.
Comparable to 21.780 but special focus on
strengthening skills of bilingual students. Suc-
cessful completion satisfies Phase 1I of the
writing requirement.
C. Sawyer-Lauganno

21.340 Workshop In Writing for the Soial
Solenoes and Architecture: English as a
Second Language
Prereq.: Placement test
U (1)
3-0-

Advanced subject focusing on techniques, for-
mat, and prose style necessary for research
papers. Emphasis on writing as required in
fields such as economics, political science,
and architecture. Short assignments - includ-
ing letters of transmittal, memos, executive
summaries, proposals, and progress reports
- build toward a written term project and oral
presentation. Specil: focus on strengthening
skills of bilingual students. Successful comple-
tion saiefies Phase 11 of the writing
requirement.
C. Sawer-Lauganno

Special Topics

21.348 Special Topics In Foreign
Languages and Lteratur3s
Prereq.: -
U (1)
Arr.

21.349 Special Topics In Foreign
Languages and Lteratures
Prereq.: -
U (2)
Arr.

Advanced work in foreign languages and liter-
atures for students wishing to pursue topics or
projects not provided for by regular subject of-
ferings. Before registsdng, student must plan
course of study with appropriate instructor in
the Section and secure the approval of the
Section Head. Normal maximum credit Is 6
units. Nine-unit projects are occasionally ap-
proved. If the work Is to count toward the
HASS Requirement, it must carry 9 units. Six-
unit projects count toward the HASS Require-
ment only by special petition to the Institute
Committee on Curricula. Consult Department
headquarters.

See 21.708 The Bible
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History

For other subjects related to history in
addition to those given below, see
Interdisciplinary Subjects, 21.901J-21.992.

European History

Basic Fields

21.350 The Ancient World I: Greece
Prereq.: -
U (1) HUM-D
3-0-6
Political and cultural history of ancient Greece
form the Near Eastern matrix to Alexander's
world-empire. Includes Homer's world; the Ion-
ian inventions of democracy, geometry, cos-
mology; conflict with Persia and the inventions
of history, drama, moral philosophy. Thucy-
dides on the Athenian linkage of democracy,
naval power, imperialism. Pros and Cons, an-
cient and modem, of national unification under
Macedon and of manifest destiny in East.
Readings in ancient and modem historians;
textbook.
H. A. T. 0. Reiche

21.351 The Ancient World Ii: Rome
Prereq.: -
U (2) HUM-D
3-0-6
Roman republic in origin, structure, function.
Rolee of traditionalism, improvisation, Greek
humanism. Outer success, yet internal polari-
zation. Manipulation and terror as political in-
struments. Pompey, Cicero, Caesar, Augustus
In ancient and modem perspective. Definitions
of triumph and decline. Rostovzeff on proletar-
Ization. Why no industrial revolution in third
century? Conflict of religions, Orthodoxy as
value in theology and Roman law. Wide sam-
pling of historians, ancient and modem.
H. A. T. 0. Relche

21.352 The Middle Ages I
Prereq.: -
U (1) HUM-D Next offered 198748
3-0-6
Transitions from late Antiquity to the First Eu-
rope," roughly from 300-1000 AD. Examines
changes in late Roman ideas and institutions
and the formation of a Gallo-Roman and then
of a distinctively European society. The issues
of "civilization" and "barbarism," decline of lit-
eracy and urban centers, rise of the Church,
Charlemagne, Vikings and Moslems, and the
formation of feudal society
R. M. Douglas

21.353 The Middle Agee 1
Prereq.: -
U (2) HUM-D
3-0

Europe from the Viking-Magyar invasions
through the phenomena of expansion 1050-
1300: population growth, "agricultural revolu-
tion," revival of towns and trade, advent of a
merchant class; feudal monarchies, Crusades,
rise of universities and the formation of new
elites. The civilization of the High Middle Ages
treated as an unstable unity.
R. M. Douglas

The evolution of the westem 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 Northem Europe; the Protestant
and Catholic Reformations; the Scientific Rev-
olution; the Enlightenment; development of the
bureaucratic state; the American and French
revolutions.
D.8. Ralston

21.357 History of the Western World 11:
1816-1970

Prereq.: -
U (2) HUM-D
3-0-6

Survey of the West during the era of its pre-
ponderence, the 19th and early 20th centuries,
and during its subsquent retreat from world
domination. Among the topics considered: the
industrial Revolution and its spread; liberalism
and the modem nation state; unification of
Italy and Germany; the "new" imperialism;
World War I and the eclipse of Europe; the
Russian Revolution and Its consequences; the
long armistice and World War ii; "Pax Ameri-
cana" and the post-war International order; the
resurgence of the non-westem world.
D. B. Ralston

21.361 Europe In the 20th Century
Prereq.: -
U (1)
3-0-6

The quest for mass participation in politics as
the unifying theme of European history in the
period of the two World Wars. The struggle
among mass movements organized by labor,
the Church, parliamentary parties, and the
state itself for dominance in political life. The
consequences of runaway Inflation and world
depression; causes of World War II; mobiliza-
tion; and the structure of post-war Europe.
W. B. Watson

Special Subjects and Seminars

21.365 The RenaIssance in Italy
Prersq.: -
U (1) Next offered 197468
3-0-6

Comparative studies in the development of
Italian society, politics, and culture from the
generation of Dante to the age of Machiavelli,
emphasizing Florence and Venice. Reading
drawn extensively from treatises and docu-
ments written by magistrates, merchants, and
lawyers; artists, scholars, and men of letters of
this period. Lectures and discussion; short
papers.
R. M. Douglas

21.369 Marx, Darwin, and Freud
Prereq.: -
U (1) HUM-D
3-0-6

Historical and critical study, in depth, of the at-
tempts of Marx, Darwin, and Freud to investi-
gate the natural and cultural development of
humans and society; these attempts are
treated as problems In creativity, in intellectual
history, in history and philosophy of the cul-
tural sciences, and in social thought.
B. Marlish

21.370 Anarchism

Prersq.: -
U (2) Next offered 198746

21.360 European Social History in the 19th 3-0-6
and 20th entiures

Prereq.: -
U (2)
3-0-6

Studies the large-scale social and economic
forces that changed the character of European
society. Analyzes changes In: population, diet,
and health standards; mass migrations; class
and family structures, roles of women and
children; conditions of labor. The emergence
of mass social and revolutionary movements
in response to these changes is a major
theme.
W. B. Watson

Readings from the classics of European and
American Anarchism, and the study of anar-
chistic and anarchosyndicalist movements in
Europe and the utopian anarchistic communi-
ties in the US. Examines all branches and ver-
sions of anarchism, from radical Individualists
to collectivist communitarians and various
anarchistic critiques of modem industrial,
bureaucratic society.
W B. Wtson

European History subjects are divided into 21.366 History of the Western World I:
two categories: Basic Fields: 21.350-21.361, 1500-1615
and Special Subjects and Seminars: Prereq.: -
21.365-21.386. U (1) HUM-D

3-0-6
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21.371J The Industrial Revolution: A Soolal
and Cultural History (17601660)

(Same subject as STS 315J)
Prereq.: -
U (2)
3-0-8
Examines the industrial revolution itself and Its
Impact on society and culture. Focuses atten-
tion on the Intellectual, emotional, artisto, liter-
ary, end social effects, Including Implications
for demographic and class structure and for
the family. Presentations, where possible, In
terms of Individuals such as A. Smith,
Malthus, Rousseau, Owen, Carlyle, St. Simon,
and Fourier.
B. Mazlish

21.372 Franos 1760-1986: From the
Revolution to Charles de Gaulle
Pr q.: -
U (2) Next ofred 1967486
3-0

The French Revolution and the nature of the
revolutionary and Napoleonic settlement; the
search for stable political Institutions down to
1870; the factors underlying the stability of
French society In the 19th century; the nature
of the post-1870 republican synthesis and Its
breakdown kt the 20th century; the efforts fol-
lowing World War |1 to reach a new political
and social settlement.
D. B. Ralston

21.373 Modem Spain, 1469-1939
Prereq.: -
U (1)
3-0-

Development of modem Spain from union of
Castile and Aragon to triumph of General
Franco In Spanish Civil War. Topics: growth
and collapse of empire, struggle to establish a
modem state, liberal experiment and oligarchic
reaction, pronunciamlento-style rebellions, rule
of new elites, collapse of monarchy and the
Republican experiment, polarization and civil
war.
W B. Watson

21.375 The Maidng of Russia In the Worlds
of Byzantium, Mongolia, and Europe (os.

0-1S00)
Prerq.: -
Y (2) Next ofered 196746
3-0-9
Kievan state, tsardom of Muscovy, Petdne
empire: periods of development of Russian
historical identity within Byzantine, Eurasian
steppe, and Westem culturally or potlically oc-
cupied spaces. The more lasting, defining in-
fluences of such experences, together with
geography, ethnology, and also great leaders
(St. VladImir, Genghis Khan and his Eurasian
heirs, St. Serglus, Ivan the Terrible, Peter the
Great, Catherine the Great) on Russian insi-
tutions and culture.
R. E. MacMaster

21.376 Imperial and Revolutionary Rusels:
Culture and Politios
Prereq.: -
U (1) HUM-D
3-0-9
Analyzes Russia's social, cultural, political her-
itage, Eurasian imperalist and autocratic, ca.
1 50. Reform, modernization - and national
catastrophe: World War 1, 1917 Revolution,
Civil War of 1918-1921. Emphasizes emer-
gence of radicalism (Populism, Communism)
as a political culture: its role in the making of a
new order, the USSR, in the Russian empire
and In world history. Larger cultural themes
concerning revolutionary consciousness; films,
literature, social thought.
R. E. MacMaster

21.377 The Soviet Union: A Communist
Society In Historical Perspeotive
Prereq,: -
U (2) HUM-D
3-0-9
Marxism-Leninism, totalitarianism, and mod-
ernizatlon in post-revolutionary Russia. Phys-
lcal and ideological setting, the rise of Stalin,
collectivization and industrialization, the terror
and the purges, the process of de-Stalinization
under Khrushchev and his successors, the
transition from developing to Industrial society,
contemporary movements of dissent among
intellectuals, religious groups, and national-
ties. Problems of evaluating the changing So-
viet Union and other Communist regimes,
especially China.
R. E. MacMaster

21.376J Seminar In the Historical and
Political Evolution of the Soviet Union
(Same subject as 17.609J)
Prereq.: Permission of Instructor
U (2) Next offered 198746
3-0-

A reading subject on the history and politics of
the Soviet Union. Emphasizes internal devel-
opments rather than foreign policy. Students
discuss the readings weeldy. All required
readings are in English, but supplementary
readings in Russian are available for those
students wishing them. Open to advanced un-
dergraduates with some previous work in the
Soviet area. Meets with 17.609 and 17.610.
L. R. Graham

21.379 Spanish Civil War, 190-39

Prereq.: -
U (1)
3-0-

Examines how traditional conflits in Spanish
society erupted into civil war, almost Immedi-
ately provoking a worldwide response. Exam-
ines the consequences of the CMI 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
this year to literary responses to the war.
W B. Watson

21.380 Hitler and Germany Since Bamnarok
Prereq.: -
U (1)
3-0-9

Bismark, Kaiw Wilhelm II, the Welmd' Re-
public: belated nation building and Industial-
Ization, total war, revolution (left and right).
The millenalan Ideas, new political se, and
rise of Nazism. The regime: from the frienly
fascist Internal German phase (to about 1936)
to that of totalitarianism, Imperialist aggression
and world war, terrorist and racist (the de-
struction of the European Jews) genocide. The
Germanies since 1945: culture, politics, scon-
omiss, society.
R. E. MacMaster

21.33 RevolutIon In the 20t Century
Prereq.: -
U (2)
3-0-6

The phenomenon of revolution as exemplified
by the experiences of Russia, China, and pos-
sibly one or two other societies in the 20th
century. Among the aspects of revolution stud-
led: the weaknesses of the old order; the rev-
olutionary Ideologies; the origins and
development of the revolutionary leadership;
the takeover of power; the nature of the post-
revolutionary social and political order.
D. B. Ralston

21.384 Wir, State, and Society in the
Modern World
(New)
Prereq.: -
U (1)
3-0-6

A study of how war has been waged in the
European world and elsewhere since 1500.
Among the issues to be considered are: the
changi form and modes of war; the factors,
both tnological and soclo-political, which
have influenced them; the effects of war on
the social and political structure of the coun-
tdles Involved.
0. B. Ralson

21.311 History and Psyohoanalysle:
.ife-History

Prereq.: -
U ()
3-0-

Applies psychology, especially psychoanalysis,
to understandIng of history. Emphasizes Indi-
vidual life-histories. First part: examination of
psychologcal theories of Freud, Erikson, and
others, and then of cose studies, such as of
Hitler and Gandhi. Second part: reports by
members of the das on their own attempts at
a ife-historical study.
B. MAllish
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21.401 The Amerloan Revolution
Prereq.: -

American History subjects are divided Into U (2) Next offered 1987-8
two categories: Bsic Fields: 21.390-21.431 3-0-6

21.432-21.449.

Basic Fields

Introductory Series

21.390 American History to 1865

Prereq.: -
U (1) HUM-D
3-0-6

How and why the US had, by the time of the
Civil War, developed a society, economy, poll-
tics, and geographical boundaries much like
those of today. Examines closely the different
colonial heritages of Spanish and British
America; the American Revolution; the estab-
lishment and growth of the new nation; the
Civil War, its background and impact. Read-
Ings are from modem scholarship as well as
critical writings of the period by authors such
as Winthrop, Paine, Washington, Madison,
Garrison, H.B. Stowe, and Lincoln.
P. Maier

21.391 American History Since 1865

Prereq.: -
U (2) HUM-D
3-0-6
The rse of America to world power Is chroni-
cled by focusing on key Intemal as well as for-
eign policy developments and conflicts from
Reconstruction, through Imperialism, the world
wars, the civil rights movement, the women's
movement, Vietnam, Watergate, and beyond.
Readings include speeches, novels, plays,
and oral histories as well as pertinent histori-
cal articles.
S. J. Deutsch

Chronological Series

21.400 Colonial America

Prereq.: -
U (2)
3-"

North American History to 1763 with particular
attention to the development of society and
politics In the British colonies. Topics: the Brit-
ish, French, and Spanish empires: Insurrec-
tions, 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 writings on the period as well as docu-
ments of our time.
P. Maier

English and American backgrounds of the
Revolution; Issues and arguments in the An-
glo-American conflict; Colonial resistance and
the beginnings of Republicanism; the Revolu-
tionary War; constitution writing for the states
and nation; effects of the American Revolu-
tion. Concemed primarily with the revolution-
ary origins of American govemment. Readings
emphasize documents from the period -
pamphlets, correspondence, the minutes or
resolutions of resistance organizations, consti-
tutional documents and debates.
P. Ma/er

21.402 The Establishment of the American
Republic, 1787-1850
Prereq.: -
U (1)
3-0-6

Examines efforts to establish a new nation, to
work out the meaning of republicanism, to ful-
fill the ideals of equality and freedom, to main-
tain social order, and to create a democratic
culture in an era of rapid social, economic,
and technological change. During that era the
country expanded from the Mississippi to the
Pacific, and produced a railroad system, fron-
tier revivals, the Graham cracker, Walt Whit-
man, P. T. Bamum, the modem factory,
political parties, and the abolitionist movement.
A. D. Kaledn

21.403 The Civil War and Reconstruction

Prereq.: -
U (1) Next offered 1987-88
3-0-6

Anti-slavery and the Intensification of section-
alism In the 1850s; the secession crisis; politi-
cal and military developments in the Civil War
years; the "reconstruction" of Southemn politics
and society after Appomattox.
M. E. McGarr

21.404 America In the Industrial Age,
1877-1917

Prereq.: -
U (2) Next offered 1987-8
3-0-6

The social and political implications of Indus-
trialization from the end of Reconstruction to
World War 1. Focus is on the way in which
conflicts of race, culture, class, and region re-
shaped domestic politics and govemance and
projected the nation into world power. In-
cludes: emergence of the corporate economy;
labor and the workplace; transformation of the
political parties; populism; imperialism; pro-
gressivism; and rise of the regulatory state.
Readings from fiction and tracts of the period
and historical studies.
M. E. McGarr
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21.408 AmerIs In the Twentles and
Thirties, 1917-1941

Prereq.: -
U (1)
3-0-6

American politics, society, and culture during
World War I, the 1920s, and the Great
Depression. Topics: Impact of the war on
American society; changing gender roles, race
and ethnicity; economy and culture of the
twenties; Impact of the Depression; and signif-
icance of the New Deal. Readings In both his-
torical and literary materials, accompanied by
contemporary films.
S. J. Deufsch

21.406 America Since World War 1i, 1941 to
the Present
Prereq.: -
U (1)
3-0-6

The transformation of American politics and
society during and after World War 11. Topics:
the deepening American Involvement In world
affairs; expansion of the role of govemment;
the civil rights movement, the new left, and the
women's movement; political and cultural
crises of the 1960s and 1970s; rise of the
right.
M. E. McGen

Topical Series

21.409 American ideas -id Culture: From
the Puritans to the Civil War
Prereq.: -
U (1) HUM-D Next offered 1987-8
3-0-6

American thought and culture from the 17th-
century Puritans to the Civil War, as ex-
pressed In the work of various classic Ameri-
can writers, thinkers, artists (e.g., Edwards,
Franklin, Jefferson, Adams, Madison, Emer-
son, Whitman) and as embodied in American
institutions, social life, and law. The Influence
of social structure and material circumstance
on ideas In America. The emergence of the
fundamental myths of American culture.
A. D. Kaledin

21.410 American ideas and Culture: From
the Civil War to WWI

Prereq.: -
U (1) HUM-D Next offered 1987-66
3-0-6

American intellectual and cultural life in an era
of Intense social and economic dislocation,
studied mainly through the Ideas of major fig-
urea and movements of the period. "Victorian"
culture In the Gilded Age; the Influence of Dar-
win and Freud on American thought; the re-
sponse of religion to science and the new
urban-industrial culture; "Progressive" Ideas
about reform, class, social order, and justice;
changing ideas about race, women, black
Americans, the immigrant; developments in Ilt-
erature, art, architecture, and popular culture.
A. D. Kaledin
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21.411 American Ideas and Culture: The 21.416 The Immigrant Experience: Race 21.436 The Amerloan Psyche
Modern Age, 1920-1900 and Ethnlcity In the US, 16100-60 -

Prereq.: -
U (2) HUM-D
3-0-6

American thought and culture from the Jazz
Age and the "Lost Generation" of the 1920s
through the counterculture of the s and the
neo-oonservatism of the 70s. The fundamen-
talist-modemist conflicts of the 1920s and the
1970#-80s. Developments in religious and po-
litical thought; changing ideas about men,
women, sexuality, ethnicity, race; the effect of
technology and professionalism on cultural ;ies
and institutions; the development of a youth
culture; the Impact of black culture; trends in
art, literature, and popular culture.
A 0. Kaledin

21.412J American Urban History I

(Same subject as 11.013J)
Prereq.: -
U (1) HUM-D
3-0-6

See description under subject 11.013J.
R. M. Fogelson

21.413J American Urban History 11

(Same subject as 11.014J)
Prereq.: -
U (2) HUM-D
346

See description under subject 11.014J.
R. M. Fogelson

21.414 History of the American West

Prereq.: -
U (1)
3-0-6
Includes popular images and uses of the west,
the impact of the frontier on gender relations
and community formation, the west as a set-
ting for racial and ethnic contact and conflict,
and changing Federal policy. Materials Include
diaries, fiction, and film.
S. J. Deutsch

21.416J American Women's History

(Same subject as SP 42W)
Prereq.: -
U (2) HUM-D
3-0-6

Starting with Pocohantas and end'ng with the
IO~s, students examine the female experi-
once in the US, focusing on issues of power,
race, ethnicity, and class, and on concepts of
work, family, and sexuality, with their ramifica-
tions for the world of both sexes. The reading
combines articles by current scholars with a
large proportion of primary documents (diaries,
memoirs, Interviews, fiction). In addition, two
movies shown.
S. J. Deutsch

Prereq.. -
U (1) Next offred 196748
3-0-6

Includes the background both of the Immi-
grants and of the Americans who met and
tried to "Americanize" them, definitions of
"American"; mass migration movements In-
cluding those of blacks, Hispanics, and
Asians; Federal Immigration policy; life In the
Immigrant community, and immigrant labor.
S. J. Deutsch

21.420 The Vietnam War, 1945-1975
(New)
Prereq.: -
U (1)
3-0-6

Military, political, and social history of Indo-
china conflict, with emphasis on American In-
volvement. Includes Vietnamese nationalism
and communism, American global interests,
strategy and tactics, the imperial presidency,
and the anti-war movement. Assigments In-
clude oral histories, military memoirs, gover-
ment documents, and films.
M. E. McG err

21.431 Thomas Jefferson and His Age

Prereq.: -
U (1)
3-0-9

Intensive study of the ideas and life of
Thomas Jefferson and, through him, of politi-
cal, Intellectual, and cultural Issues central to
his era. Considerable attention to the ideas of
John Adams and Alexander Hamilton, and to
the Jeffersonian tradition in the 19th and 20th
centuries.
A. D. Kaledln

Special Subjects and Seminars

21.432 Religion In America

Prereq.: -
U (2)
3-0-6

A history of religious life and thought in Amer-
Ica, emphasizing the 19th and 20th centuries.
Main topics: developments in the major
churches; the evangelical-revivalist tradition
from Jonathan Edwards to Billy Graham; origi-
nal American religions (e.g., Mormonism);
recent religious developments (e.g., Eastern
religions, therapeutic faiths, bom-again Christi-
anity, satanic cul). The place of religion in
American culture and politics.
A. D. Kaledin

21.433J industrialization and Cultural
Change In 19th-Century America

(Same subject as STS 310J)
Prereq.: -
U (2)
3-0-6

See description under subject STS 310J.
M. R. Smith

U (2) HUM-D
3-0-6

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, Uncoln), to persis-
tent themes (e.g., the frontier hero, or cow-
boy), and to collective phenomena and events
(e.g., slavery, the American Revolution).
B. Marlish

21.439 Portress America: The Rise of the
American Military, 1945-1975

Prereq.: -
U (2)
3-0-6
Critical examination of the development of a
large permanent military establishment in the
post-war period and the consequences of this
development for both domestic and interna-
tional policies. Topics: Ideological and political
justifications for military establishments,
changing force structures, changing role of
military Institutions in foreign policy, defense
budgets, impacts of defense spending.
W. B. Watson

21.449 Introduction to American Studies:
American Popular Culture
Prereq -
U (2) Next offered 1987-8
3-0-9

Introduction to problems and methods in the
interdisciplinary study of American culture.
Topic 1985-86: the study of American popular
culture. 1)Theories of popular culture, and the
history of American popular culture from
Barnum to World War Ii; 2)Amedcan popular
culture since 1945 - general themes and de-
velopments with evidence drawn from TV,
movies, rock and country music, comedy,
"amusement" parks, popular fiction, and pop-
cult "stars"; 3)the Institutions, technology, and
business of popular culture.
A. D. Kaledn

History of Africa, East Asia, Latin
America, and the Middle East

History of Africa

21.450 The History of Africa

Prereq.: -
U (1) HUM-D
3-0-9

The history of ancient, medieval, early mod-
em, and pre-20th century Africa with close
attention to the peopling of the continent, de-
velopment of culture, development of king-
doms, slave trade, assault by Europe, partition
into colonies, beginnings of colonial rule, and
nature of the African response.
R. 1. Rotberg
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21.4 14 The History of 20th-Centry Africa:
NaUOnallem and Nation-SulMing

(Same subject a 17.551J)
Prereq.: -
U (2) HUM-D
3-0-9
The politel development of modem black Af-
rica, concentrating on an examination of colo-
nial rule, African resistance and rebellion, the
ultimate struggle for Independence, and post-
Independence politics and readjustments.
R. L. RoTberg

21.452 Comparative African Politics: Crimn
In Southern Africa
Prowe.: -
U (2)
3464
Politial and historical problems of South Af-
rice, Namibia, Zimbabwe, and other countries
of southem Africa. Particular attention paid to
the development of apartheid In South Africa
and to its possible future abolition. Also
closely examines the liberation struggle in
southem Africa, its successes and failures.
Role of American and European policy toward
southern Africa looked at critically. Analyzes
the position of American corporations.
R. L. Rotberg

21.4651 The History and Politics of the
Third World Through the Novel

(Same subject as 17.553J)
Prereq.: -
U (1)
3-04
Studies history, society, and politics of the
black third world through a selected examina-
tion of a dozen oritical novels. Authors read In-
clude Abrahams, Achebe, Armah, Cary,
Lamming, Hutchinson, Mulaisho, Naipaul,
Ngugl, Oyonyo, Bed, Sembone, Brink,
Gordimer, Paton, and Jacobson.
R. I. Rofperg

21.457J Research Seminar In ImperialIsm
and Colonialism
(Same subject as 17.564J)
Prereq.: Permission of Instructor
G (1) Next ofered 1987-8
3-0-6
Topics In the economic, social, and cultural
bases of Imperialism and colonialism, pardcu-
larly with regard to Africa. Substantial written
work expected.
R. L. Rotberg

History of East Asia

21.40 East Asian History: China

Prereq.: -
U (2) HUM-D
3-0-6
History of Chinese civilization from the Shang
through the Ch'ing dynasties (1500 BC-1911
AD). Topics: the origins of Chinese cMlization,
Confucianism and Taolsm, the early empire,
the effects of Buddhism, the 'ang-Sung tran-
sion, popular literature, Ch'ing conquest and
the late empire, 19th-century rebellion and
decline.
P. C. Perdue

21.461 East Asian HIstory: Japan
Prereq.: -
U (1) HUM-D
3-0-68

History of Japanese civilization from its origins
to the present, concentrating on the period of
rapid transformation from the late Tokugawa
period through the end of the American occu-
pation (1800-1954). One major theme Is the
distinctiveness of Japanese society and the
nature of foreign Influences on it.
P. C. Perdue

21 .452 Social and Economic
Transformation In China, 00-1900 A.D.
Prereq.: -
U (1)
3-0-
In the year 1000 China was the world's most
populous, most urbanized, and most techno-
logically advanced civilization. By 1900, It had
become one of the world's poorest nations.
Why? Students examine long-term social and
economic change during this period, including
geography, demography, commerce, and state
economic policy, technology, agriculture, pop-
ular culture, and collective action, concluding
with a discussion of the legacy for economic
modemization In China today.
P. C. Perdue

21.463 The Chinese Revolution: 160-1976

Prsreq.: -
U (2)
3-0-6
The protracted process of revolutionary up-
heaval and social transformation In China from
the Taiping Rebellion of the 1850s through the
death of Mao, paying attention to the Interac-
tion of domestic and foreign Influences. In-
cludes comparison of Mao's revolutionary
practice with theories of revolution, Marxist
and non-Marxist.
P. C. Perdue

History of Latin America

21.470 Latin Amerloan History
Prereq.: -
U (1)
3-6

Survey of Latin America from the Conquest to
the present. Analyzes Latin America as a pe-
ripheral" area in the global economy empha-
sis on relationships between economic, social,
and political change, and on the emergence of
the authoritarian state. Case studies Include
Cuba, Mexico, Argentina, Brazil.
P. H. Smith

History of the Middle East

21.480 The Middle East: From the Rie of
islam to World War I
Prereq.: -
U (1) HUM-D
3-0-6
Surveys Middle Eastern history. Part I exam-
Ines the Classical Age of Islam (00-1300)
through themes of Arab expansion and adap-
tadon. Stresses nomadic-urban encounters,
sociopolitical institutions, religious sects, cul-
tural-sclentiflc achievements and their trans-
mission to Europe. Part il examines later
Islamic states (post 1300), especially the Ott
man Empire and its background, to modem
Middle East. Emphasizes Europe's dramatic
expansion after 1800 and Middle Eastem re-
sponses to the European challenge, including
rise of modem nationalisms.
P. S. Xhouly

21.451 The Middle East In the 20th Century
Prereq.: -
U (2) HUM-D
3-0-6

Surveys major poltical, socioeconomic, and
cultural changes in the post-World War I Mid-
die East through the lenses of religion, state,
and nationalism. Investigates Interwar inde-
pendencs atruggles against Europe, followed
by the emergence of American and Soviet In-
fluence, radical nationalist and socialist move-
ments, and the growth of modem states and
societies after 1945. Concludes with examina-
tion of contemporary problems In historical
perspective: Arab-Israeli conflict, crisi n
Lebanon, ol and regional security, Islamic re-
vivalism, and the Iranian revolution.
P, S. Xoury

21.482J "The Isislamic City": History,
Culture, and Porm
(Same subject as 4.683J)
Prereq.: -
G (1)
3-046

See description under subject 4.683J.
P. S. Khoury, Y. Tabbaa
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21.6 .UM , Impertale'm,
IlevolutIon: The Widdle ast
Prerq.: -
U (1) Next offsred 1907-8
3-0-

The Middle East's experience with nationalism
In the 20th century. Examines theories and
vadedee of nationalism, Imperialism, and revo-
ludon. Pocus on Arab nationalism: Its orlgins:
character of Independence movements; de of
radical pan-Arablm and relationship with radi-
cal Islamic end Mndst movements; special
place of Palestinian nationalIsm; and retreat
from pan-Arablam after 1970. Comparisons
with Turldsh, Iranian, and other third world
nationalisms.
P. S. hoWy

21A44J Modem Egypt and Iran: Islam and
Politics In HIstorIcal Perspective
(Same subject as 17.562J)
Prereq.: -
U (2)
3-0-

A comparative perspective Is used to examine
the role of Islam, the human and physical on-
vironment, and Imperialist rivalries In shaping
the character of state and society In 20th-cen-
tury Egypt and Iran. Explores forces and
events that toppled the Egyptian monarchy In
1952 and the Shah of Iran In 1978-79, and
which brought about Nasser. and Khomeini's
revolutions. Examines the social/Ideological
bases and aims of contemporary Islamic
movements, their approaches to women, eco-
nomic development, and Intemational rela-
tions. Open to graduate students.
P. S. Koury

21.490 Special Topics In HIstory
Prereq.: -
U (1)
Arr.
21.491 Special Topics In History
Prereq.-
U (2)
Arr.
Individual supervised work for students who
wish to study topics not covered In the regular
history offerings. Before registering for this
subject a student must plan a course of study
with some member of the History Section and
secure the Section Head's approval. Normal
maximum is 6 units; to count toward the Hu-
manities Requirement, 9 units are required.
Nine-unit projects are occasionally approved.
P. Maler

See 21.708 The Bible and 21.705 The
Greeks

Anthropology/Archaeology

The anthr and archaeology
subjects below re grouped

n four ras: Intduotory, sooal
anthropology, technology In cultural
context, and archeology. Students are
encouraged to take subjects from each of
the groups for a fuller overview of the field.

Introductory

21.60 Introduction to Anthropology
Prereq.: -
U (1) HUM-D
4-0-8

An examination of the differences and similad-
ies among nomadic hunters-gatherers, tribal
peoples, peasants, and modem complex soci-
sties. Is there a common human nature be-
hind the apparent diversity? Different cultural
values are seen In relation to ecology and so-
cial structure. The Impact of modemization
and Westem Influences also studied.
M. Diskin

21.601 Understanding Other Peoples
Prereq.: -
U (1) HUM-D
3-0-9

Anthropological understanding Is based on ex-
tended, first-hand observations of allen ways
of life. From readings, films, and their own
projects In the Boston arep, students sample
the challenges of doing fioldwork, the difficulty
of overcoming people's tendency to misunder-
stand one another, and the discipline's theo-
retical conoems.
J. Howe

21.502 Culture, Nature, and Human Nature
Prereq.: -
U (2) HUM-D
3-0-6

A detaled consideration of anthropology's
contributions to key problems and concepts In
the social sciences: culture, human nature,
values, roles, exchange, function, structural-
lam, social change, model-building, theory-
testing. Emphasis on the social and historical
contexts In which these basic Ideas have been
developed.
J. Howe

21.50 Introduction to Archaeology:Pate
to Ohtlluation
Prereq.: -
U (1) HUM-D
3-0-6
The path to and development of states and
empires In various parts of the world - an
overview of pattems in prehistory. Pocus on
how humankind exploited the environment,
shaped settlements, and formed larger, In-
oreasngly more complex social and political
organizations in the Amedoas, Southwest
Asia, and China.
F. WIseman

21.504 Approaches to Archaeology
Prereq.: -
U (2)
2-4-6

Studies various analytical techniques and ap-
proaches used to "tease" the past out of ar-
chaeological remaln. Lectures and
discussions on methods of archaeology and
their theoretical underpinnings. Weekly lab
sessions devoted to analyzing artifacts and
data, and testing the tools of archaeology.
Topics: surveying and locating sites, excava-
tion strategies, dating techniques, analyzing
ceramic and lithic artifacts, studying organic
remains, statistics, uses of Inference, and ex-
perimental archaeology. Consult A. Steinberg.

21.105 Human Origins and Adaptations
Prereq.: -
U (1)
3-0-6

Examines the dynamic Interrelations among
physical and behavioral traits In humans and
environment, culture, and social practices to
provide an Integrated framework for studying
humni biological diversity. Topics: Issues In
evolution and adaptaion; fossil and cultural
evidence for human evolution from earlest
times through the Pleistocene; evolution of
tool use, social behavior and organization; ter-
ritorialty and aggression; sex roles; concepts
of race. Consult A. Steinberg.

Social Anthropology

21.511 Magic, Shamanism, and Withocraft
Prereq.: -
U (2)
3-0-9

A look at several interrelated aspects of reli-
glous belief and practice, especially those
often considered the very antithesis of "scien-
tific": witchcraft and sorcery, magic and dMna-
tion, curing rites, shamanism, messianic
movements, and the rise of new religions. Ma-
terial drawn from Westem, non-Westem, mod-
em, and bygone and "primitve" societies.
J. Howe
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21.613 yt, niual, and Symbolism

P rd 

7: 
-

3-0
People everywhere construe their worlds sym-
bclialo, and express themselves In myth and
riua. F son the social and political uses
of myth, ritual, and symbol i) both traditional
and modem societies, and relates theories
about them to everyday, practical conoems.
J. Hotw

21.613 Reilgious Movements and Social
Ohorp
Prereq.: -
U (1) HUM-D
3-0-6
New religlons and religious movements, the
conditions that Inspire them, their effect on so-
ety. Messianism, apocalypse. revelation,

cults, schismatic and unorthodox sects, nativ-
lam, revitaliation, revivalism. Examples from
the US (revivalism, communal sects, cults),
from Europe (medieval heresies and mosslan-
Ism), and from third world societies (the Iro-
quois Handsome Lake Religion, the Ghost
Dance, Cargo Cults, mlitary messiahs).

21.614 Communities In CrIele
Prereq.: -
U (2)
3-0-8

What happens when a community is severely
stressed? Investgates cises In several West-
em and non-Wstem communities, and the at-
tempts made to resolve them by political,
religious, or other means.
J. W

21621 Centl American Society
Prome.: -
U (2)
3-4
Central Ameroa's heterogeneous population
Includes Indians, Afro-Americans, and Euro-
peans. Spain, England, and the US have been
significant Influences. Focuses on land use
and agrarian relations, foreign Intervention,

repessonandrevolto In an effort to ex-
plain the preset crisis.
M. Dekdn

21.23 AgrarIan Soclety
Prereq.: -
U (2) HUM-D
3-0
A view of world history as seen from the coun-
tryside. From a study of the ancient world
(Gr@smm, Rome) and feudalism, considers
modem peasant communities and plantatons,
and examines farming systems, family struc-
tures, political rights, and rural values. Studies
rural responses to urban pressures, including
modernization and revoluion.
MD1a6W

a1,55 Thle g fr indian Identy In
the Amerieas
(Nw)
Prereq.: -
U (1)
3-4
While nation-states derive their ligitmacy from
each other, ethnic minorles must confront the
nations they live In for recognition of their
unique ddi. Four examples re onsid-
ered here; the assimilationist policy in t Us
toward Native American and ethnlo roups;
the complex Mexican apparatus to wi
Its Indian; exciusion from national life of the
Guatemalan Indians; and the efforts to
achieve an autonomous relationship between
the ethnic roups of the Atlantic Coast of Ni-
&rogu and t govemnment.

21.30 The Contemporary Family

(Same subject as SP 456W)
Prereq.: -
U (1) HUM-D Next offered 19748
3--
The role of the family In human evolution, and
as a bol in our own social and poltcal

livs. opis Iclue:sex, marriage, and par-
enting; t labo" market; class, race, and eth-
nicity; and the family's probable future.
J. . Jaclumn

21.631J Sex Roles: A Comparative
PerepeOve
(Same subject as SP 45J)
Prerq.: -
U (1)
3-0-9

Each culture, including our own, treats human-
kind's sexual dimorphism in a distinctive way.
considers eoversl theries of gender (Marm
and Engels, Freud, and others), as well as
such topics as the origin of the sexual division
of labor, child-rearing, symbols of sexuality,
and gender and poli. Consult A. Steinberg.

21.532 Language and Culture

Prereq': Prreq. - -
U (1)
3-0

Language Is a primary means by which people
construct meaningful worlds In which to lve -
construodons influenced by such factors as
ethnicity, class, gender, personaity, and poll#-
cal status. Examines how we communicate as
social beings both verbally and nonverbay,
and such phenomena as mutlilnguallsm, in-
guIst nationalism, and the evolution of pldg-
Ins and oreoles.
J. Kyle

106O

Technology and Cultural Context

21.3AJ Autobography in Sciene end
Engineering
(Same subject as STS 241J)
Prereq.:-
U (1) Next ofred 198748
3-0
Examines the meaning lie histories have for
their authors and the science and engineering
communities. Explmes te raelon between
exemplary figures' careers, the more usual a-
reer potem of their colleagues, and unusual
ca" s which are not used as models, such
as thos of women, minoritdes, and sclentsts
In the Third World. Students collect Individual
ife historis of MIT graduates.
8. Troweek

21.64W Modem Tmes
(Same subject as STS 500J)
Prereq.: -
U (2)
3-0
Anthropologists, famous for ecursions among
exotic Peopls, inraigystudy one of the
most bizarre socetes of al - our own. A
coss-cultural poepe.Ntakingo account
both "primitive" andsoieie Industrial
ize ones howp us to understand our own
body rituals, ethnic divisions, mytha, lving ar-
rangenents, rites of education, sense time,
and scientific cosmology.
J. "i~

216J Camenr and CuuMe
(Same subject as STS 26J)
Prereq.: -
U (2) Next offred 13746

See descrpton under subject STS 626J.
a. rreswok

21.6 CroeCultslStudes of Slantn
and Technologlial Inetitutions
(Same subject as STS 231J)
Prereq.: -
U (1) Next ofered 1667-46
3-0

See description under subject STS 231J.
8. 1?avWwk

21.640 Technology and Culture
Prereq.: -
U (1) HUM-D
3-0

Humans re cutral cresturs who use tools
to control their physical and social environ-
mes. How are technical o i and ex-
pertse ebddd In othe spect a
culture? What ae It sources and effecs of
echnologll innovaton - and why does it

o at dean conro of d
nvfoment? Explore such

through case studies ranging Esido
hunters to "high-tech" operations.
J. W

I
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21.541J The Archaeology of Technology
(Same subject as STS 400J)
Prereq.: -
U (1) Next Offered 198748
3-04
Technologies of ancient and pre-Industrial so-
cIetIes as revealed by excavation, scientific
analysis of artifacts, ethnohistory. Case stud-
les of technologies Include cloth production
among the Inca, building In imperial Rome,
Iron Age metallurgy of East Africa. Compad-
sons to Illuminate Interactions of technologies
with cultures; the role played by materials pro-
ceaing, labor organization, and ideology In
the development of Industries; the formation of
technological styles.
H. N. Lchtean

21.542 Culture and the Visual Arts
Prereq.: -
U (1) HUM-D Next offered 1987-8
3-0-6
An anthropological perspective on the visual
arts focusing on the arts as cultural media and
as nonverbal means of social communication
and continuity. Material presented In case
study format, Including visual arts of small-
scale, non-Westem societies, imperial arts of
the Inca and Roman states, and contemporary
art of the US.
H. N. Lechiman

Archaeology

These subjects are divided Into regional
and top"cal, and subjects taught under the
auspices of the Center for Materialls
Research In Archaeology and Ethnology
(CMRAE).

Regional

21.510-21.552 The Archaeology of the
Amerioas I, I, Ill, need not be taken In any
particular order, nor Is one a prerequisite
for the other.

21.550 Archaeology of the Amerlcas I:
First Americans
Proreq.: -
U (1) Next ofe 198746
3-0-6
Indian cultures In North America from Palso-
Indian entry Into the New World over 10,000
years ago to European contact. Includes:
Pleistocene Paleo-Indlan big-game hunters,
development of regional differences among In-
dian groups, major pre-Columbian cultures
(e.g., Southwestem Cliff Dwellers, Southeast-
em Moundbullders), art and ritual (e.g., rock
art, ancient astronomy), relation of prehistoric
Indian cultures to modem Indian groups.
Consult A. Steinberg.

21.651 Archaeology of the Amerlcas II:
Anclent Mesoemerlce
Prereq.: - .
U (2) Next ofered 1987-68
3-0-

Ancient societies of Mexico and Centrol Amer-
Ica, from the earliest times to the Aztec and
Maya in 1500 A.D. Emphasizes understanding
major changes in human life In the New
World: evolution from gathering to agriculture,
origin of pottery and other technological Inno-
vations, and the origins of cities, states, and
empires. Consult A. Steinberg.

21.552 Archaeology of the Americas Ill:
The Anolent Andean World
Prereq.: -
U (2) Next offered 198748
3-0-8

Examines development of Andean civilization
which culminated in the extraordinary empire
established by the Inca. Archaeological, eth-
nographic, and ethnohlstodcal 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 peo-
ple to life In a topographically "vertical" world.
Characteristic cultural styles of prehistoric
Andean ife.
H. N. Lecht man

21.553 Archaeology of the Middle East
Prereq.: -
U (2)
3-0-6

Focus on the rise of cities and empires in var-
lous areas of the Middle East including Anato-
lla, the Levant, Mesopotamia, and Iran. Using
archaeological and written sources, examines
why such complex societies arose in this area.
Considers the role of temples and religious
hierarchies, of craft and trade In luxury
gcods, of writing and bureatcracles, of class
stratification, In the rise of early empires.
Consult A. Steinberg.

21.554 Archaeology of Egypt

Prereq.: -
U (1)
3-0-6

Egypt was the home of one of the first and
most spectacular civilizations in the world. Fo-
cuses 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 de-
velopment of religion, art, and writing systems.
Consult A. Steinberg.

Topical

21.560 The Archaeology of the City
Prereq.:-
U (1) Next offered 198748
3-0-8
That unique human construct, the city, is the
focus. After discussing different approaches to
the study of the city, students look at exam-
ples from the Near East, China, and the
Graeco-Roman world to see how they
evolved, differed, and decayed. Physical and
social plan, forces that shape them, the pres-
ent and future of cities are among the topics
discussed.
A. Steinberg

21.561 The Dooline of Empires
Prereq.: -
U (1)
3-0-6
After examination of basic Institutions and pro-
ceases of empires from modem sociological
literature and recent examples, we derive
some generalities about how and why empires
disintegrate. Considers frontiers, military
p!ower, bureaucracy, ruling eites, 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

21.563 People and the Natural World
(New)
Prereq.: --
U (1)
3-0-9
Explores the ways that people Interact with
natural ecosystems. Using current ecological
and anthropological models; basic cultural ad-
aptations such as agriculture, medicinal and
ceremonial plant collecting, and animal popu-
lation management are evaluated in terms of
their human cost and benefit and their envi-
ronmental Impact. Lectures are complemented
by several field tripe which Illustrate the core
concepts.
F. Wiseman

Center for Materials Research in
Archaeology and Ethnology

CMRAE Is an Inter-institutional center
whose subjects are listed with the
Anthropology/Archaeology oferings and
are open only to graduate students and
seniors by permission of the Instructor.

21.581 Mathematics and Computers In
Archaeological Data Analysis
(New)
Prereq.: Permission of instructor
G (1, 2)
2-4-3
A year-long graduate lecture and laboratory
course on the uses of mathematics, statistics,
and computer technology in the management
and analysis of archaeological data. Includes
file processing, simple programming, statistical
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packages, basic descriptive statistics, research
design and sampling, classification, seration,
spa analysis, introductions to multivarate
methods and to sirhulation, and uses and mis-
uses of all these approaches for archaeologi-
cal Interpretation and theory building. Consult
H. N. Lechtman.

21,582 Materials in Anolent Societies:
Metale
Prereq,: Permission of Instructor
G (1) Not to be offered 107-8
344-
Scientific analysis of archaeological artifacts
help us understand the cultures that produces
them. Manufacture and use of metals in an-
cient or small-scale sooieties: includes discus-
sion of ores, smelting, alloying, and
techniques of casting and working metal.
Technological styie and artifact design are re-
isted to cultural values and social settings.
Laboratory sessions focus on metallographic
examination and analysis of excavated metal
artifacts ur ethnographic materials that present
Interesting technological or cultural problems.
Six to eight hours lab work per week.
H. N. Leohiman

Special Topics

21.690 Special Topics in
Anthropology/Archeology
Prereq.: Any two subjects In Anthropology or
Archaeology
U (1)
Arr.
21J56 Special Topics In

nt opology/Archaeology
Prereq.: Any two subjects in Anthropology or
Archaeology
U (2)
Arr.

Topics in anthropology or archaeology not In-
cluded In other subjects. Students electing this
subject must secure the approval of the chair
of the Anthropology/Archaeology Program.
Normal maximum is 6 units; to count toward
Humanities Requirement, 9 units are required.
Exceptional 9-unit projects occasionally ap-
proved. Consult A. Steinberg.

See 21.708 The Bible and 21.709 The
Greeks

Music

The muslo subjects described below are
grouped within five areas: Introductory
subjects, hIstory/Ilterature, theory/
composition, performanos, and semInars/
tutorials.

Although most students start with
Introductory subes, te who he
vocai or Inetrmental training or extensive
exposure to music are encouraged to
begin at a higher starting leve.

Introductory Subjects

21.60 Introduction to Music
Prereq.: -
U (1, 2) HUM-D
3-0-6
Enhances the listening experience by develop-
Ing analytical hearing and an understanding of
the major historical styles and genres of West-
em music. Fundamentals of musical organiza-
tion and design taught, but emphasis Is on the
listening experience Itself. Major composers
and styles examined in historical perspective
through selected works. Intended for begin-
ners. A guide to individual instructor's ap-
proaches, which vary, is available from
Music Section office, 14N-434. Coordinator:
J. S. Bamberger

21.601 Fundamentals of Music
Prereq.: -
U (1. 2)
3-3-3

Study of fundamental concepts and basic vo-
cabulary of rhythm, melody, and harmony with
particular emphasis on sight-singing and dicta-
tion. In support of this, a minimum of three
laboratory hours in aural, keyboard, or sight-
singing skills Included.
S. Erdly, C. Von Caron

21.602 Basic Musicianship

Prereq.: -
U (1, 2)
3-2-4

An integrated approach to basic musicianship,
which alms at deepening students' under-
standing of fundamental musical processes.
Work includes many kinds of listening exer-
cises, group sight-singing, in-class Instrumen-
tal performance, and a keyboard laboratory for
elementary score reading and beginning key-
board harmony. intended for students who are
familiar with notation and have some Instru-
mental/listening experience. Students with
considerable experience In performance and
basic theory should try to begin with 21.641.
J. Coppock

21.60 Developing Musical Stucture
Prereq.: -
U (2)
3-3-6

What are the basic "primitives" of musical
structure? How are these developed to create
the complexity of great works? What is the
role of analysis and descrIption In developi
perceptual-problem-solving abilde? UsIng
LOGO computer music synthesizer system as
a "tool kit," students make multidimensional
procedural analyses of a few significant
pieces. With these as models, new pieces are
dea nod and generated by tuming the proco-
dura anlyees Into 'procedural composition."
J. 8. Bamberger

21.615 Musical Acoustics
(Revied Content)
Prereq.: -
U (1, 2)
3-04
An Introductory treatment of physical and psy-
chological aspects of musical perceptions and
production. Physical principles of woodwind,
bras, string, and percussion Instruments, as
well as the human voice are studied. Psycho-
physical topics such as the perception of pitch,
loudness, timbre, and rhythm are covered.
Sound propagations and acoustical properties
of rooms and concert halls and crtea for
their proper functioning are discussed. Elec-
tronic applications to music, such as sound re-
cording and reproduction are surveyed.
C. Blair

History/Literature

21.621 Western Music to IT5r

Prereq.: PermIssion of instrucur
U (1) HUM-D
3-0-6

European art music from its foundation In an-
tiquity 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

21.622 Western Music after 1750

Prereq.: Permission of Instructor
U (2) HUM-D
3-0-6

A chronological survey of European art music
during the Classic, Romantic, and Modem pe-
riods. Compositions analyzed In detal, and
placed within their historical context. Most writ-
ten assignments analyze musical works, so
score-reading ability is helpful.
R. Vazquez
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- 21.612 World Muelo

Prereq.: Permission of Instructor
U (2)
3-0-9
A comparative study of religious, court, the-
atre, and folk music of Far-Eastern Asia, India,
and the islamic World. It deals with the func-
tions, theory, and practices of music, the role
of musicians, and the nature of the Instru-
ments in their respective societies.
S. Erdely

21.M Vivaldi, Bach, and Handel
Prereq.: Permission of Instructor
U (1) HUM-D
3-0-6
Representative works of three great compos-
ers who wrote at the culmination of the Ba-
roque era in music are examined and related
both to compositions by their precursors and
societal and Intellectual developments of the
time in Italy, Germany, and England. Score-
reading ability helpful.
R. Vazquez

21.021 Haydn, Mozart, and Beethoven
Prereq.: Permission of instructor
U (2)
3-0-

A study of musical life during the second half
of the 18th and early 19th centuries through
representative works of these composers. Em-
phasis on harmonic, melodic, and structural
development in relationship to Intellectual, ar-
tistic, and social patterns of the period. Re-
quired reading and listening assignments.
J. L. Buffrick

21.627 Schubert to Mahler
Prereq.: Permission of instructor
U (1)
3-0

A survey of the principal developments in
musical style during the 19th century. Works
for consideration in weely class discussions
drawn from the music of Beethoven, Schubert,
Schumann, Brahms, Berlioz, Chopin, Ust,
Wagner, Verdi, Richard Strauss, and Mahler.
Required reading and listening assignments.
J. L. Bufriok

21.26 Twentieth,-ntury Music
(Weised C~nn)
Prereq.: -
U (2)
3-0
A survey of major work of the 20th century,
beginning with Schoenberg, Stravinsky, Bar-
tok, and es; continuing with Varese, Webem,
Hindemith, Copland, Sessions, Britten, Proko-
1ev, and Dalispiccola, and closing with some
recent music.
J. H. Harbison

21.631 Symphonic Music
Prereq.: Permission of Instructor
U (1) HUM-D
3-0-

The evolution of symphonic forms from the
Baroque to the 20th century. Special attention
focused on the works of Haydn, Mozart, and
Beethoven. Recordings and opportunities to
hear live performances augmented by class
discussion.
S. Edely

21.632 Chamber Music
(NeW)
Prereq.: Permission of Instructur
U (1)
3-0-6

A survey of the literature for various single-
Instrument-per-part combinations of strings,
winds, keyboard, and voices. Focus through
papers and recordings on history, influences,
structure, and changing performance prac-
tices. Where possible, live performances in
class by students, guests, and MIT Chamber
Players.
Staff

21.633 Operas of Mozart, Verdi, Wagner
(New)

Prereq.: -
U (2) Next offered 1987-68
3-0-6
Focus on the ways 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 20th-century
works at the end. Available videotape perfor-
mances serve as the basis for listening as-
signments and analytical papers.
L. E. Indgren

21.634 Film Music

Prereq.: -
U (2)

First half a chronological survey of musical
style in American and European films up to
the 1960s. Second half a seres of interrelated
topics: theories of film music, musicals, docu-
mentaries, experimental films, recent decades,
and the relationship of film music to opera and
ballet. Ustening and reading assignments,
weekly screenings. No musical background
necessary, but score-reading ability helpful.
M. Marks

21.631 American Music
Prsreq.: Permission of Instructor
U (1) HUM-D Next offered 1967-8
3-04
First half focuses on the role of music in North
American society (especially the Boston area)
during the 18th and 19th centuries. Second
half surveys the music of 20th-century North
America, including "classical," Broadway
show, film, and popular music, but excluding
jazz.
L. E. Lndgren

21.636 Jam
Prereq.: Permission of Instructor
U (1, 2) HUM-D
3-0
Historical survey beginning with early jazz,
Joplin, Morton, Armstrong, Smith; continuing
with a study of the Ellington, Basis, Goodman,
and Herman bands; and concluding with a
number of individual performers - Parker,
Rollins, 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 mu-
sics: post-World War I pop and rock.
M. Harvey

21.637 Traditional Music In Ameris
Prereq.: 21.601 or 21.602
U (2) HUM-D Next offered 1967-86
3-0-6

A study of the four branches of American
musical tradition; the Amero-Indian, the Anglo-
Spanish-French American, the Black Ameri-
can, and the diverse ethnic traditions. Empha-
sis on historical and broad cultural significance
of this repertoire. Permission of instructor
required.
S. Erdely

Theory/Composition

21.641 Harmony and Counterpoint I
Prereq.: 21.601 or 21.602
U (1, 2)
3-3-6

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.
E. Cohen, J. Coppock

21.642 Harmony and Counterpoint il
Prereq.: 21.641
U (1, 2)
3-3-6

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

21.643 Writing in Tonal Forms

Prereq.: 21.642
U (1, 2)
3-0-8
Written and analytic exercises based on 19th-
century small forms and harmonic practice
found in music such as Schubert indler and
songs, Schumann small piano pieces and
songs, and Chopin Preludes and Mazurkas.
E. Cohen

-A
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21.644 Advanced Writing
Prereq.: 21.643
G (1, 2)
3-0-6

A study of compositional procedures during
the early years of the 20th century. Emphasis
on written and analytical exercises of music
which make use of elementary set operations
as found in selected Debussy Preludes and
Bartok Mikrokosmos, and the early atonal
works of Schoenberg and Webem. Students
expected to attend the weekly graduate semi-
nar in composition.
E. Cohen

21.645 Advanced Musical Analysis
(Revised Content)

Prereq.: 21.641
U (1)
3-0-6

21.646 Advanced Musical Analysis
(Revised Content)

Prereq.: 21.641
G (1)
3-0-6

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 exam-
ined extensively. Study of scores, listening to
recordings, readings, and a paper constitute
out-of-class work.
D. M. Epstein

21.648 Jan Harmony and Arranging

Prereq.: 21.602, 21.636
U (2)
3-0-6

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
required.
M. Harvey

21.649 Musicianship for Performers

Prereq.: -
U (2)
3-3-3

For intermediate and advanced Instrumental-
ists and singers. Trains students to under-
stand, by ear, basic organizing features of
music from Bach to Brahms, with the aim of
producing more musical playing. Includes in-
tensive sightsinging and score-reading, tonal
theory taught by ear, introduction to perfor-
mance practice tradition, and in-class perfor-
mance projects. No prerequisite, by audition.
J. Coppock

Performance

Each of the following subjects earns six
units. A total of 12 units is needed for a
subject to count toward Institute
Requirements In Humanities, Arts, and
Social Sciences, by petition to COC.

21.651 Vocal Repertoire and Performance
Prereq.: -
U (1, 2)
2-2-2

21.662 Vocal Repertoire and Performance
Prereq.: -
G (1, 2)
2-2-2

For the young singer interested in the study
and performance of the vocal literature with
special attention to diction and literary skills,
and vocal technique. Each term includes mu-
sic in one foreign language (e.g., German,
French) as well as in English. Membership in
the MIT Choral Society (without credit) is re-
quired. May be repeated for additional credit.
Entrance by auditon.
J. Oliver

21.653 MIT Choral Society & Chamber
Chorus
(Revised Content and Unit)

Prereq.: -
U (1, 2)
4-0-2

An option available to students In the MIT
Choral Society who are also members of the
Chamber Chorus. Rehearsals for the Chamber
Chorus immediately precede those of the
Choral Society. Each term covers music from
a different period. By audition. May be re-
peated for additional credit.
J. Oliver

21.655 Chamber Music Society

Prereq.: -
U (1, 2)
0-3-3

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 Colle-
glum. By audition. May be repeated for
additional credit.
M. A. Thompson, J. L. Buttrick

21.667 MIT Symphony
(Revised Content)

Prereq.: -
U (1, 2)
0-3-3

An option available to members of the MIT
Symphony Orchestra. Rehearsals prepare
works for concerts and recordings. Analyses
of musical style, structure, and performance
practice are integrated into rehearsals as a
means of enriching musical conception and
the approach to performance. Likewise, addi-
tional scores of particular or structural or sty-
listic interest are read whenever time permit$.
May be repeated for additional credit.
D. M. Epstein

21.66 Advanced Music Performance
Prereq.: -
U (1, 2)
1-2-3

21.659 Advanced Music Performance

Prereq.: -
G (1, 2)
1-2-3

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
lesson, attend a regular performance seminar,
and participate without credit in an MIT en-
semble. Full-year commitment required. May
be repeated for credit. Information about les-
son fees, scholarships, and auditions available
In Music Office.
M. A. Thompson

Seminars/Tutorials

21.661 Beethoven

Prereq.: 21.642
G (1)
3-0-6

For students with a basic knowledge of har-
mony, counterpoint, and score reading. Back-
ground in serious Instrumental study also
desirable. Examines the evolution of Beetho-
ven's thematic, harmonic, and structural style
through a close study of his works. Looks at
how he was viewed by his contemporaries,
and at the changing comprehension of his mu-
sic in the past 175 years. Readings, class and
concert performances, both student and
professional.
J. L. Buttrick

21.666J Cognitive Aspects of Musical
Development and Learning (A)
(Same subject as 4.946J)
Prereq.: Permission of instructor
G (1)
3-6-3

Studies of cognitive processes involved in de-
velopment of musical understanding and per-
formance. How do untrained musical Intuitions
differ from and develop into those of musical
experts. What factors might influence this pro-
cess - sensory/action know-how, symbolic
know-how (graphic, standard, and computer
notations)? Research findings applied to close
study of compositions. Readings: Piaget,
Wertheimer, Wittgenstein; Schoenberg, Ler-
dahl-Jackendoff, Rameau, Seashore. Individ-
ual research projects.
J. S. Bemberger, S. A. Papert

21.671 Digital Music Processing (A)

Prereq.: 21.642, 21.615
G (1)
3-4-5

Digital audio processing as an artistic music
production tool. Analysis, resynthesis of musi-
cal instrument tones. Nonlinear and linear-
predictive synthesis. Perceptually based syn-
thesis using the auditory transform. Digital re-
cording, processing, editing. Digital
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reverberation, ambiance control. Muslo-enood-
Ing -, procedurally defined scores,
performer- Interpretation. Real-time synthe-
Wie on array processors under gestural control.
Human-machine Interaction in music perfor-
manoe. Assignments, synthesis projects.
B. L. Vercoe

21.672 Writing for Computer
Performance (A)
Prereq.: 21.643, 21.671
0 (2)
3-"

Por those whose writing of music reaches a
point where they can exploit digital audio as a
new performance medium. Continues audio
processing techniques, for realizing an original
composition by end of term. Examines repre-
sentative works, and stylistic relation between
instrumental and electronic writing. Methods of
Integrating these media, as found in works of
Davidovaky and Boulez. Directed composition
of an original computer-synthesized work, and
preparation for its performance In an end-of-
term public concert.
B. L. Vrcoe

21.681 Music Composition (A)
Preq.: 21.644
G (1, 2)
3-0-9

Directed composition of larger forms of original
writing invoMng voices and/or Instruments. In-
ciudes a weekly seminar in composition for
the examination of major works from 20th-
century music literature and for the presenta-
tion and discussion of student work In prog-
raw. Students expected to produce at least
one substantive work, performed in public, by
the end of the term. Open to qualified under-
graduates. May be repeated for credit.
Staff

21.t Computer Muslo Composition (A)
Prereq.: 21.672
G3(1,2)
3-6-3

Directed composition of larger forms of original
writing using computer-prooessed sound, to be
performed either alone or with voices and/or
Instruments. Includes a weeldy seminar In
composition for the examination of major
works from 20th-century music literature and
for the presentation and discussion of student
works In progress. Students expected to pro-
duce at least one substantive work, performed
In public, by the end of the term. Open to
qualified undergraduates. May be repeated for
credit.
B. L. Vercoe

21.691, 21.692 Special Topics In Music
Prereq.: Any two subjects In Music
U (1, 2)
Arr.
Open to qualified students who wish to pursue
special studies or projects with members of
the Music Section. Students electing this sub-
ject must secure the approval of the chairman
of the Music Section. Humanities credit for
Special Topics subjects awarded only by indi-
vidual petitions to the Committee on Curricula.
Normal maximum is 6 units; to count toward
Humanities Requirement, 9 units are required.
Exceptional 9-unit projects occasionally ap-
proved. Consult Music Section office.

21.693, 21.694 Advanced Topics
In Music (A)

Prereq.: Permission of instructor
G (1, 2)
Arr.
Opportunity for advanced study of musical
topics not covered by the regular subject list-
Ings. Includes experimental subjects offered
by permanent and visiting faculty. Students
seeking an Individual program of study with a
particular faculty member must also obtain the
approval of the chairman of the Music Section.
Consult Music Section office.

21.691-21.699 Research In Music

Prereq.: 21.671
G (1, 2, S)
Arr.

Directed research on problems occurring In
the production, perception, or cognition of mu-
sic, 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. VerooS.

Theatre and Dance:
Performance

Subjects In Theatr and Dance offer an
opportunky for practical experience In the
production and performance of plays and
da. Por subjects dealing with Ilaturm
of the theatre se 21.006, 21.00, 21.021,
21.022,21.086, 21.173 In Literature; and
21.214, 21.218, 21.237, 21.260, 21.26M,
21.306, 21.300 in Porin Lauages and
Lfteratures. These e t, us the ones
described below, constitute the Drama
Program, a field of conoentration (see
Chapter VID).

21.700 Introduction to Acting
Prereq.: -
U (1)
3-0-6
An Introduction to the principles of acting
through theatre games, exercises, textual
analysis and rehearsal techniques. Practical
work is designed to Improve sensitivity to lan-
guage emotional and physical expression,
sensory perception and imaginative power.
Classwork includes: lectures, demonstrations,
play seminars, and acting workshops. Dra-
matic material Is taken from Shakespeare and
Arthur Miller.
D. E. Campbell

21.701 Acting Shakespeare
Prereq.: 21.700
U (2)
3-0-6
A second-level acting course that seeks to
reinforce and develop basic principles estab-
lished In Acting 1. Students are taught how to
use thaw principles In the study and practical
exploration of Shakespeare. Primary emphasis
is on language and how to decipher rhythm
and image codes in the verse. Two plays are
examined from an actor's point of view and
practical work Includes the preparation of a
scene and two monologues.
D. E. Campbell

21.702 Theatre Arts: Elementary Stagecraft
and Production Studies
Prereq.: -
U (1)
3-0-6
Lectures and tutorial discussions cover the
areas of lighting design, set design, costum-
ing, make-up, properties, theatre sound, and
elements of acting and directing. Each class
member undertakes two projects In the fall
schedule of Dramashop's one-act productions
under the supervision of a member of the
Drama Program staff. Written reports, Interpre-
tation of the plays, and reviews of outside per-
formances supplement the practical theatre
work. Satisfies the practicum requirement of a
Drama concentration.
R. N. Scanlan

2000Humnaniis



Humanhtlee 100
I1.0 Pemance Wrshop In Dama
Prersq.: 21.702
U (2)
3-0
A sminar focusing on script Interpretation, dl-
reung technique, and production planning.
Readings in Aristotelian dramatic theory pro-
code detailed study of several plays to acquire
facility in analyzing dramatic form and discern-
ing the underying action pattern that gives
she to a play. Cla discussion end directed
scene work lead to the detailed planning of a
specifo theatre production. Readings In dra-
madc theory, oral clas presentations, and one
major paper required.
R. N. Swimfa

21.704 PINmno Wrkshop In Dance
PreWe.:-
U (1.,2)
3-4-2
Focuses on modem dance theory, technique,
and improvisation composition. Combines
study of dance aethetic with studio work to
Introduce students to the variety of contempo-
rary dance. Improvisation composition sea-

ulone acquaint students with their own
movement vocabularlbe and develop improvisa-
tional exercises into specifo choreographic as-

nments, some of which are Included In
informal permans at the end of each
term. Relevant readings assigned; one paper
required.
B. Soll

21.706 Speoail Topics In Drams
Prereq.: -
U (1, 2,)
Arr.
Designed to allow students to pursue topics of
individual interest under the supervision of a
member of the Program in Theatre and
Dance. Requires the approval of the Dean of'
the School of Humanities and Social Science.
Normal credit maximum: 6 units. Students who
wiah to use Special Topics for Humanities
credit must register for 9 units sod file a peti-
ton, approved by the Dean of the School of
Humanites and Social Science, with the Com-
mite on Curricula.
R. N. Scanlan

21.707 Speoial Topics In Dance
Prereq.: -
U (1, 2)
Arr.
Designed to allow students to pursue topics of
Indvdual Interest under the supervision of a
member of the Program In Theatre and
Dance. Requires the approval of the Dean of
the School of Humanities and Social Science.
Normal credit maximum: 8 units. Students who
wish to use Special Topics for Humanities
credit must register for 9 units and file a peti-
tion, approved by the Dean of the School of
Humanities and Social Science, with the Com-
mittee on Curricula.
B. Soll

Traditions and Texts

Traditions and Texts Is a special
InedisplInay program of humanities
subjeots. Boh sublect inwolve the loe
examination o texts, Intni
classiroomn dIc " ,and the writing of

nanalT pa . The Bible ) and
eb es(1.700) r considerdfoundation subjects. It le recommndedW

ttonoor boh oft O mbetainbeo
other subjects In this program.

21.708 The Bible
Prereq.: -
U (1, 2) HUM-D
3-0-6

An Introduction to major Biblical texts Including
Genesis, Exodus, Job, the prophetic and his-
toric books of the Old Testament, the Gospels
and Epistles. Stresses the place of the Bible
as foundation-text for central relgious, poiW-
cal, sexual, and ethical ideas In Western cul-
ture. Comparative readings In related
traditions (Canaanite, Egyptian, Gnostic). Ex-
amination of selected Instances of the Biblical
tradition In later art, music, literature.
Term 1: T. Merrit
Term 2: T. Menft, A. Stenbg

21.709 The Greeks

Prereq.: -
U (1, 2) HUM-D
3-0-6

21.717 The Modern Piod: 1000-107
Prersq.: -
U (2) HUM-D
3-0-9
Role of the Individual and the artist In modem
scolety dominated by politics, war, and tech-
nology. Topics: reactions to 19th-entu val-
use; and especially those of Marx and raud;
role of myth; concepts of iluslon and reality;
sexual revoluton and itom nplications; new hu-
manism in art, music, philoeopy, and Uters-
ture. Authors read: Dinseen, Breton, Groplus,
Madnett, Gide, Proust, Pirandello, Jung, GI*
rauou, O'Neill, Joyce, Eliot, Kafka, Malraux,
Brecht, Beckett, Lawrence, Leasing, and
Sofhentsyn.
R. . Jone

21.718 The Americans
Preq.: -
U (1) HUM-D
3-0-9
Major theme of the American Imagination as
revealed In Amedcn literature, historical writ-
Ing, and Amerion art from the 17th century
through the 19th century. The development of
American Identity and mythology. Ides about
th land, nature, purpos, the Indian, socety
and the Individual, freedom and community.

authrs rad Bradrd ad other Pud-
ta Jefferaso, Frandin, Creve-
coeur, Emerson, Cooper, Whitman, Parkman,
Henry Adams. Among artiste viewed: Copley,
Allston, Cole and other Ith-century land-
scape painters, Eakins, and Homer.
A. D. Kesdin

Close study, through translations, of major an-
cient Greek texts: Iliad or Odyssey, tragedy
and comedy, history, philosophy. Focus on the
historically changing perceptions of human ex-
cellence, justice, and the locus, individual and/
or collective, of human salvation - If any.
Collateral attention to standards of beauty em-
bodied In Greek art and architecture (slides
and Boston Museum of Fine Arts).
Term 1: H. A T. 0. Reiche
Term 2: A. Kibel

21.714 The Renaissance and Reformation
Prereq.: -
U (2) HUM-D
3-0-6

Relationships between society and Ideas In
northern Europe during a century of acute so-
cial conflict, Intellectual controversy, and un-
common creativity In nearly every area of
thought and Imagination. The process of ref-
ormation" and "rebirth" examined In both rell-
gious and secular contexts. Radings from
both "high'" cuture and "low" - Thomas
More, Erasmus, Luther, Calvin, Rabelais, and
Montalgne as well as from anonymous tracts
and novels.
R. M. Douglas
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The Writing Program

The subjects listed below are rouped in
the thre ajoreas of The riting
Program: 1) Ition and Rhetoric;
2) CreatIve Writing; and 3) Science and
Technloal Writing. Within each area,
Introductory, intermediate, and advanced
subjects are offered. introductory subjet

re deelgned for students with little or no

n writing; Intermediate
he maeee the elemnt of eenen
and paragraph truntr; advanced
subjects ae designed for experiencod
writers who wish to develop greater
competence in one or more special forms
of writing.

Exposition and Rhetoric

Introductory

21.730 Expository Writing

Preq.: -
U (1, 2)
3-0-6

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 cims. Readings Include
essays that exhibit a wide range of rhetorical
techniques. Satisfies Phase i of the Writing
Requirement.
H. Rltvo, M. Richardson, Staff

21.731 Writing and Experience
Prereq.: -
U (1, 2)
3-6

Students study the mechanisms by which fic-
tion writers, essayists, and posts transform
their experience into scenes, voices, and ar-
guments. Attention given to sentence mechan-
ics, paragraphing, punctuation, and word
choice. in weekly workshops, students present
their writing to members of the group, and ex-
tensive revising is required. Satisfies Phase I
of the Writing Requirement.
E E Chodakoweka, Staff

21.732 introduction to Technical
Communication
Prereq.: -
U (1, 2)
346

Students intensively review the elements of
sentence and paragraph structure; special
problem, in organizing and condensing techni-
cal nformation; and strategies for writing tech-
nical descriptions, definitions, classifications,
and analyses. Other topics include writing to

different audiences and preparing brief pro-
posals, lab reports, and graphics. Several
short writing assignments, frequent revisions,
and two short oral presentations required. Sat-
isfies Phase I of the Writing Requirement.
Staff

21.734 The Elements of Style
Prereq.: -
U (1, 2)
3-0-6

intensive practice in writing cioar prose. Fre-
quent short themes focus on daly experience.
Cimn discussions emphasize style. Reading.
consists of short published pieces, to be ana-
lyzed in class, and student papers. Weky
writing Includes a theme, commentary on work
by classmates, and a revision.
H. Rltvo

Advanced

21.745 Advanced Essay Workshop
Prereq. : Permission of Instructor
U (2)
3-0-9
For students with experie in writing nonfic-
tional prose. Advanced study of rhetorical
strategies and techniques of pros style. Con-
siderable writing and revision required. In ad-
dition 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
patterns.
B. Avsal, H. RFIvo

Creative Writing
Intermediate

21.731 Writing and Reading the Essay
Prereq.: -
U (1, 2) HUM-D
3-0-9

Examination of how to write formal and infor-
mal essays. Extensive practice In composition,
revision, and editing; wide reading in the liter-
ature of the essay form from the Renaissance
to the present. Discussion-workshop class
style: weekly discussion of student work; study
of examples from published works; frequent
conferences.
B. Avishe, M. Richardson

21.736 Words

Prereq.: -
U (2)
3-0-6

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 modem vocabulary, spe-
calizod 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. Rilvo

21.740 WrIting Autobiography and
Biography
Prereq.: -
U (2)

Writing autobiography is used as a vehicle for
improving style and studying the nuances of
the language. Uterary 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; 2)the problems of reality and
fiction In autobiography and biography. Stu-
dents wite in either or in both modes.
E. E. Chodskowska

Introductory

See subject 21.731.

Intermediate

21.755 Writing and Reading Short Stories
Prereq.: -
U (1, 2) HUM-D
3-0-6

Introduction to the short story. Students write
stories and short descriptive sketches. Read-
Ings from European and American stories from
the 18th, 19th, and 20th centuries. Class dis-
cussion of st writing and of the as-
signed stories In their historical and social
contexts.
R. Booker, J. Hospital, F. Howe, S. Strang

21.757 Fiction Workshop
Prereq.: 21.755
U (1, 2)
3-0-6

For students interested in writing fiction. May
be taken as a prerequisite to the Advanced
Fiction Workshop, but its main purpoe is to
encourage students to experiment with various
techniques of fiction writing. Weekl reading
and writing assignments; class discussion of
students' writing and of work of professional
writers.
1, Kanne

21.759 Writing Science Fiction

Prereq.: -
U (1)
3-0

Students write and read science fiction and
analyze and discuss stories written for the
clase. For the first eight weeks, readings in
contemporary science fiction socompany lec-
tures and formal writing assignments Intended
to illuminate various aspects of writing craft as
well as the particular problems of writing sci-
ence fiction. The rest of the term is given to
round-table workshops on students' stories.
J. Heideman
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21.70 Writing and Reading Poems_
Prereq.: -
U (1, 2) HUM-D
3-0-

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 18th-
through 20th-century literature. Attempts to
make relevant the traditional elements of po-
etry and their contemporary alternatives.
Weekly writing assignments, including some
exercise In prosody.
R. Bocker, K. Kumin

21.762 Poetry Workshop
Prerq.:
U (2)
3-0-6

For students with some previous experience In
poetry writing. Frequent assignments strews
use of language, diction, word choice, line
breaks, imagery, mood, and tone. Considers
the functions of memory, Imagination, dreams,
poetic impulses. Throughout the semester,
students examine the work of published poets.
Revision stressed.
Staff

Advanced

21.770 Advanced Floction Workshop
Prereq.: Permission of Instructor
U (1, 2)
3-04

For students with some experience In writing
fiction. Concentrates on the ways an author
manipulates her or his audience In the cre-
ation of a particular vision of reality. Studies
style; point of view; distinctions of time and
space; strearn-of-consclousness; all the strate-
gles for making a work of art. Outside read-
Ings assigned on an Individual basis.
E. E. Chodskowska

21.771 Advanced Poetry Workshop
Prereq.: Permission of Instructor
U (2)
3-0-6

For students experienced in writing poems.
Regular reading of published contemporary
poets and weekly submission of manuscripts
for class review and criticism. Expects stu-
dents to do a substantial amount of rewriting
and revision. Classwork supplemented with In-
dividual conferences.
Staff

21.773 Writing Longer Fiction
Prereq.: Permission of Instructor
U (2)
3-0-6

For students with some experience in writing
fiction who wish to experiment with its longer
forms (primarily the novella). The pwosibllties
and techniques of longer fiction studIed In ex-
amples of modem European and American
authors (i.e., Tolstoy, Conrad, Kafka, Bellow).
Class discussions of students' own work with
emphasis on revision.
L. Karmel

Science and Technical Writing

Introductory

See subject 21.732.

Intermediate

21.777 The Scientific Essay
Prereq.: -
U (1, 2) HUM-D
3-0-6

Students explore prominent writing about sci-
ence and technology from the Renaissance to
the present. They examine the style, purpose,
and context of historically Important papers
and essys. Discussion Includes the role of
communication in science, the rise of scientific
journals, and ethical Issues In scientific writing.
Readings Include works by Newton, Darwin,
Einstein, and contemporary authors. Several
short assignments and a longer essay on a
general or semI-technical subject required.
M. LaFollefte, Staff

21.780 Scientific and Engineering Writing
Prereq.: -
U (1, 2)
2-0-7

Introduction to the forms, funcIons, 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 pa-
per and oral presentation on a technical or
semI-technical subject. Students should have
completed, or be working on, research that
they can write about.
M. LaFollette, J. Parada, Staff

21.762 Soln Journalism
Prereq.: -
U (1, 2)
3-0-

A practical Introduction to the Craft of science
joumalism: class discussion examines impor-
tant Issues in communicating technical Infor-
mation to the public, such as the relationship
among science, technology, and the media.
Presentations by professional science joumal-
ists are featured. Students write weeldy exer-
cises, some of which are submitted for
publicaton. Writing competence required.
R. Goodell

Advanced

21.7M3 Solence and TechnIcal Writing
Workshop
(Revised Content and Unit)
Prereq.: 21.782
U (1)
3-0-9

Introduces students to the process of plan-
ning, writing, editing, and producing In-house
and professional publications. Discussions and
demonstrations cover the techniques of docu-
ment design and production, with emphasis on
current tochnologles used to prepare In-house
documents. The problem of matching form
and style to audience receives special atten-
tion. Students make a site visit to observe a
large in-house production facility. In addition to
individual work, students collaborate to plan,
write, and produce a major document.
R. Goodell, M. LAFollefte

21.710 Naturalist WrIting
Prereq.:-
U (1)
3-0-6
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 19th- and 20th-century
naturalsts, 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 modem forms as
the environmental Impact statement and the
technical report. Several short and two longer
writing assignments on general and semi-
technical subjects.
J. Paradlt

21.7M2 Sclence and Technical Writing
Internship
Prereq.: 21.782
U (2)
3-0-9
Part-time intemships in Boston-area media
and industries are arranged for students wish-
I to develop professional writing and pub-
17ing skis. Students planning to take this
subject must contact the Instructor by Novem-
ber of the previous term.
R. Goodell

2000Humanities



~ flr;'m~.-rr,3T33"r--. W W~W 23Ve ~ ~ -~ ~mrwnrn-~' -r--~w

so7Dr.MuT7es

21.711 As workshop in Scient InterdisolplInary
Utd Iee g M itng A Subjects

PrSs: Pensso of kinlr

9 -, ")
2-04
Ofers graduate students who have wrng
projes under Intensive revisw and

technical wiling. Ex-
tye ftechnical documents

and reviews organization, grammarn , for-
mat, graphics, and the scientic
proces. Witing and revising assIgnments are
adepted to the preparaion of one or two major
documew
K A Mannin, Staff

21.711, 21.790 Special Topios In Witing
Prerq.: -
U (1, 2)
Ar.
Primae*l for students pureuing wiltn ad-
vanced s with the asstance of a mem-
ber of h rling Program. Students elctn
Vie subject must secure Vie approval df the
Dircolor of Vie Witng Program and its Com-
mittee on Curdoulum. Normal maxImum is 8
units; to count toward Humanities Require-
ment, 9 units we required. Exceptional 9 unit
projects cocason approved-.

Sea 21.708 The Bible

21.MI0 Readng Seminar In Humanis,
Scieneand Tecnoog HuInie,

(Same subject as MTS 130J)
Prereq.: -
U (1)
2-0-7

2150. Neeing Seminar In Humnitew
Sciencem and TeoOgy H
( esubject as STS 131J)

U (2)

See description under subjects ST8 130J,
8TS 131J.
ataff

2M.0J Project Seminar on the Context of
Research
(Same subject as STS 132J)
Prereq.: -
U (1, 2)
3-0-

See description under subject STS 132J.
L. TrnVg

21.914 Sports and Physical Training
Prereq.: Permission of Instructor
U (2)
3-0-6
Social function of sports and physcal training
In modem times, especally In the United
States. Readings, fims, disqussions. Group
research projects. Umbed enrollment.
L. Kamp

21.1 Intellectuals and Soolal Change
Prereq.: Permission of Instruotor
U (2)Next ofered 196748
3-4
Role and responslblity of Individuals who
chalenge the assumptions of the estabished
political and solal order. Discussion of current
Issues that have given rise to action and pro-
test. Visltng leolures by actMsts. Questions of
Individual commiment, and the available ater-
natves for action. Umited enrollment.
N. A. Chomsky, L. Kampf

21.15 Contemporary iseues In Politics
and ideology
(nRweMed Content)
Prereq.: Permission of Instructor
U(2)Nottobe ofered 18746
344
Selected topics In International and domestic
affaire. Emphasizes their relationship to US
political, economi and ideologocal Institutions.
Critical analysis of captaist ideology. Coneld-
era tr M for social change.
N. A. Chiihft L. Kampf

M
MA.Wal Anient oM e Cio
( e subject as STS 22MJ)
rr.: -

( HUM-0

Evidence for, and astronomIcal database of,
arc emo my, alignments, ritual as

languages in oral oul-
ture. Albraic, geomet, numerate, musloal,
boog4ca, swoclojd models In pre-Soca-
ic philosohy:AjiianderW, yhorau
Heradltus, Parmendee, Zeno,
Demoortus, Plato's 7knaeus, and Adetot.

iy and I wafl by Von Dechend, Kar Pop-
p Sroe dln gwood, DAroy

H A T. 0. R che

2151 Specia TopIcs in h- Nadlullla

Prereq.: Any two subjects In Humanities
U (1)
Arr.

21.M Special Topios In interdlsclplinary
Studies
Prsreq.: Any two subjects In Humanities
U (2)

Special topls InwoMg InterdscpiinaryA
sponsored by members of the
Humanits or Institute faculty. Sub vary
from year to year. Must have the approval of
the Humanities Undergraduate Offios. Human-
ites ordit for Special Topics subjects
awarded only by Individual poitions to the
Committee on Curricula. Normal maximum Is
6 unite; to count toward Humanities Require-
ment, 9 units are required. Exceptional 9-unit
p occasionaly approved.

Plsese note: Pilsophy subjects are alled
under Course 24, Unguletos and
Philosophy.

Subjects In Scisnwee Technology, and
Socity we listed under that hedaing In
this chapter.

Infornaion about the folisuing programs
may be found within the dsonp of the
School of Humanities and Socia Solenes
in this catalogue:

Amerloan OWN~e
Anolent and Medleval Studies
Drwa
PFin and Meda Studes
Latin Amerlaen Studies

Women's studies
Treditione and Texts



MUt Undergraduate Research
Opperluniles Program
Prereq.: -
U (1, 2)
Arr.
The Undergraduate Research Opportunities
Program Is an excellent way for undergradu-
at* students to become familiar with the De-
partment of Nuclear Engineering. Student
research as a UROP project has been con-
dused In areas of fission reactor studies, udiI-
zation of fusion devices, applied radiation
research and biomedical applicadons. Projects
include the study of engineering aspects for
both fusion and fission energy sources. UROP
Department Coordinator: R. G. Ballinger

2.002 Management In Engineering
Pfere.: -
U (1)
3-0.9
School-Wide Eleotve Subject. Description
given at end of this chapter on SWE page.
D. P. HNul, H. 8. Marcus

2O Nuclear War: Threat and AvoIdang e
Prereq.: -
U (2) HASS
3-0-
Sohool-Wide Eleotive Subject. Description
given at end of this chapter on SWE page.

. K Lester, P. Morrison, 0. W. RotJen,
E. Romschild, J. P. Ruina

23.00 Computer Modsle of Physical and
Engineering System
Prere.: 10.02, 8.01
U (2) SD
3-04

School-Wide Elective Subject. Deecription
given at end of this chapter on SWE page.

.hya. m Sunder

2.010 Seminar In Nuclear Engineering
(22.001)
Prereq.: -
U (1)y
2-0-4
Surveys the range of topics covered by the
Nuclear Engineering Department. Introductory
discussion of the basic phenomens of fission
and fusion power and related aspects of reco-
tor design. The many applicatdons of Nuclear
Engineering for research In biology, earth scl-
enoss, medicine, and physics discussed by
guest lecturers from the a ediscpline.
A demonstration of the M Reactor as a re-
search tool is given.
D. D. Lanning

22.012 Seminar In Pusion and Plasma
Physics
(Now)
Prereq.: -
U (1)
2-0-4
Lecture and discussion Introducing the range
of topics covered under the fusion option. In-
troductory discussion of the O0onomic and
ecological motivation for the development of
fusion power. Contemporary magnetic confine-
ment schemes, theoretical questions, and on-
gineering considerations are presented by
expert guest lecturers. Concurrent work on the
physics of the solar and terresial plasma envi-
ronments also covered. Tour of Plasma Fu-
sion Center experimental faclities.
K Malvi

2.013 Applctosof Radiatlon In
Science, ecnology, end Medicine -
(New)
Prereq.: -
U (2)
2-04
Seminar explores a wide range of topics in ra-
diation effects and uses, some Involving state
of the art experimental techniques, othere
makng use of unique laboratory facilities or
novel computer simulation programs, and
each is a current area of teaching or research
for one or more faculty members. Most leo-
tures are socompanied by laboratory
demonstrations.
A. C. Nelson, R. G. Balenger, G. L. nwnell,
S-H chen, 0. K Heing. K C. Russell, S. Yp

3.02 Introduction to Applied Nuclear

Preen.:8.02, 18.02
U (1) sD
3-0-9
Introduces nuclear physics emphasizing those
aspects which are appied In nuclear engineer-
Ing. Elementary quantum theory; properties of
atomlo nuolei; natural and Induced radloactiv-
Ity; crossoeodons for nuclear reactions;
alpha-, bets-, and gamma-decay. Nuclear
models: shell-model, liquid-drop model, nu-
clear fission. Slowing down and diffusion of
neutrons. Neutron induced chain reactions.
Thermonuclear reactions and the possibity of
ener from nuclear fusion. Introduces radii-
tion lmetry.
N. C. Rasmussen

.021 Nuclear Reactor Physics
Prereq.: 22.02, 18.03
U (1,2)
4-M
Introduces fission reactor physics covering re-
actions Induced by neutrons, nuclear fission,
slowing down of neutrons in Infinite media, dif-
fusion theory, the few-group approximaon,
and point kinets. Emphasizes the nuclear
physics bases of reactor design and der rela-
tion to reactor engineering problems. Three
locture hours per week meeting concurrently
with 22.211, plus a separate recitadon; assign-
ments and quizzes are different from those In
22.211.
L. M. Lidpky, K. F. Hansen

2.0 EngIneering Design of Nuclear Power

Prereq.:-
U (1) SD
3-0-9
Introduces nuclear engineering applied to
power p design: baslo principles of nuclear

slos, reactor physlos, and environmental
physics; winsering and heat transfer

principles. Dseonof various reactor types
(LWR, .P3R, eo.). Emphasizes relIability
and reactor safety methods for Improving de-
sign and operation of future reactors.
K. F. Hanen

2t~;.~ - - -4 ~ 'Vt4
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22.081 Engineering of Nuclear Reactors
Prereq.: 2.01, 2.51
U (1, 2)
3-0.9
Engineering principles of nuclear reactors, em-
phasizing power reactors. Power plant thermo-
dynamics, reactor heat generation and
removal (single-phase as well as two-phase
coolant flow and heat transfer), and structural
mechanics. Engineering considerations in re-
actor design. Met with 22.312, but examina-
tIons differ.
M. K. Karmi, N. E. Todreas

22.03 Nuclear Systems Design Project
Prereq.: 22.021, 22.031
U (2)

Group design project involvng Integration of
reactor physics, control, heat transfer, safety,
materials, power production, fuel cycle man-
agement, environmental impact, and economic
optimization. Provides the student with the op-
portunity to synthesize knowledge acquired In
other subjects and apply this knowledge to
practical problems of Interest in the reactor
design field. Meets with 22.33, but assign-
ments differ.
M. W Golay

22.04 Radiation Effects and Uses
Prereq.: -
U (2) SD
2-1-9

Current problems in science, technology,
health, and environment which Involve radia-
tion effects and their utilization. Medical and
industrial applications of radioisotopes. Radia-
tions in research. Laboratory demonstrations
of methods and instruments In radiation mea-
surements. Material presented Is suitable for
students Interested in a general appreciation
of the physical phenomena and their uses.
A. C. Nelson

22.05 Introduction to Engineering
Economics
Proreq.: -
U (2)
3-0-9

Introduces methods used by engineers for the
economic analyses of alternatives. ime-
value-of-money mechanics; present worth and
rate-of-retum methodology; dealing with de-
preciation and taxes, inflation, and escalation;
levelized cost; replacement and retirement
problems. Component cost modeling, econ-
omy-of-scale and learning-curve effects. Cost-
risk-benefit analysis, insurance, and other
probabilistic applications. Examples from many
engineering disciplines.
M. J. Driacoll

22.061 Fusion Energy I
Prereq.: 8.03, 18.03
U (1)
3-0-9

Basic nuclear physics and plasma physics for
controlled fusion. Nuclear physics: fusion
cross sections, ignition condition, break-even
condition, Lawson criterion, elementary fusion
reactor, required plasma parameters. Plasma
physics: definition of a plasma, single-particle
orbits, Coulomb collisions, fluid model, mag-
notic fusion configurations, MHD equilibrium
and stability, transport and heating. Meets
three lecture hours a week with 22.601, but
with different assignments and exams.
J. P. Freldberg

22.062 Fusion Energy 1I

Prereq.: 22.061
U (2)
3-0-9

Basic engineering and technology of controlled
thermonuclear reactors. Current confinement
devices: tokamaks, mirrors, alternate con-
cepts. Thermonuclear reactors: systems anal-
ysis and design of power reactors, ignition
experiments, hybrid reactors. Reactor technol-
ogies: neutronics, blanket design, magnet de-
sign, first wall, materials and activation,
heating technology, tritium handling. Present
reactor designs: detailed critical review of pro-
totype reference reactor designs. Safety and
environment. Meets with 22.602, but with dif-
ferent assignments and exams.
J. P. Freidberg

22.069 Undergraduate Plasma Laboratory
Prereq.: 8.02
U (2) LAB
1-8-3

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,
Langmulr probe characteristics and spectros-
copy. Meets with 22.69, but assignments
differ.
1. H. Hutchinson

22.070J Materials for Nuclear Applications
(Same subject as 3.070J)
Prereq.: 3.091 or 3.14 or 22.071J
U (2)
3-0-9

Introductory subject for students who are not
specializing In nuclear materials. Applications
and selection of materials for use In nuclear
applications. Radiation damage, radiation
effects and their effects on performance of
materials In fission and fusion environments.
Meets with 22.70J but assignments differ.
R. G. Ballinger

22.071J Phyeloal Metallurgy Principles for
Engineers
(Same subject as 3.071J)
Prereq.: 3.091
U(1)
3-0-9
Thermodynamics and stablity of alloy phases.
Diffusion-controlled rate processes. Defect
properties and mechanical properties. Empha-
sizes structural evolution, structure-property
relations, and the common features among
various materials. Introduces quantitative
analysis in physical metallurgy for engineering
materials. Meets with 22.71J, but assignments
differ.
A. Mortensen

22.08 Energy
Prereq.: -
U (1)
3-0-9
Energy from a holistic viewpoint. Provision, ra-
tional utilization and conservation, environ-
mental effects, policy, and Impact on other
sectors. Resources, technologies of conver-
slon and utilization. Assessment of both de-
ployed and proposed energy systems and
technologies. Includes economic, social, and
historic perspectives. Intended for third- and
fourth-year students interested in entering the
energy field. Meets with 22.81, but some as-
signments differ.
M. M. Miller

22.064 Inventions and Patents
Prereq.: 14.02
U (1)
3-0-6
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
R. H. Rines

22.086 Introduction to Technology and Law
Prereq.: -
U (1)
3-0-9
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
J. D. Nyhert

22.088J Human Factors In Design
(Same subject as 2.1 8J, 9.39J)
Prereq.: Permission of Instructor
U (2) MASS
3-1-8
See description under subject 2.18J.
D. D. Lanning, T. 6. Sheridan, A. Hein

Nuclear Engineering 200D
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2,0 Introduoery NuclOr Meaurments
Loaoraor
Prereq.: 22.02
U (2) LAB
2-6-4
Basic principles of Interaction of nuclear radia-
tion with matter. Statistical methods of data
analysis; introduction to electronics In nuclear
Instrumentation; counting experiments using
Geiger-Muller counter, gas flled proportional
counter, soinilation counter, and semiconduc-
tor detectors. Eight experiments are performed
which Include applications to health physics,
neutron activation analysie, neutron diffraction,
reactor physics, and reactor technology. Meets
with 22.29, but assignments differ.
N. C. Rasmussen

22.091 Special Topios In Nuclear
EngIneering
Prereq.: -
U (1, 2, 8)
Arr.
For undergraduates who desire to carry out 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 stu-
dents requirements.
J. E. Meyer

22.092 Engineering Internship
Prereq.: -
U (1, 2, 8)
0-6-0
Provides academic credit for the first two Work
Assignments of XXII-A students affillated with
the Engineering Internship Program. Students
register for this subject twice. Students must
complete both Work Assignments In order to
reclve the academic credit for this subject.
Enrollment limited to students registered In
Course XXII-A.
R. G. Balinger

Nuclear Physics

22.111 Nuclear Physics for Engineers I (A)
Prereq.: 22.02
G(1,2)
3-0-9

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.
Interactions of charged particles, neutrons,
and gamma rays with matter. Radioactive
decays. Energetic@ and general cross-secton
behavior In nuclear reactions.
A. C. Nelson, E. P. Gyopoulos

22.113 Nuclear and Atomlo Collision
Phenomena (A)
(New)
Prereq.: 22.111
G (2)
3-0-9

Pinciples and applications of quantum theory
of nuclear and charged particle collision eross
sections. Detailed study of partial wave and
phase shift analysis, time-dependent perturbs-
tioh theory, and Born approximation. Optical
model description of nuclear reactions. Atomic
stopping power. Thermal neutron Inelastic
scattering In condensed matter.

Nuclear Reactor Physics

22.211 Nuclear Reactor Physics I (A)
Prereq.: 18.076
G (1. 2)
3-0-9

Introduces problems of fission reactor physics
covering nuclear reactions Induced by neu-
trons, nuclear fiesion, slowing down of neu-
trons In Infinite media, diffusion theory, the few
group approximation, and point kinetics. Em-
phasizes the nuclear physical bases of reactor
design and their relation to reactor engineering
poems.
L. M. Udsky, K. F. Haneen

22.212 Nuclear Reactor Physics 11 (A)
Prereq.: 22.211
G (2)
3-0-9
Problems relating to the operation of nuclear
reactors at power Including few group and
multigroup theory, heterogeneous reactors,
control rods, poisons, depletion phenomena,
and elementary neutron kinetics. Attention dl-
rected to the application of reactor theory to
actual reactor systems.
A. F. Henry

22.213 Nuclear Reactor Phylcls Ill (A)
Prereq.: 22.212
G (1)
3-0-9

Current methods for predicting neutron behav-
[or in complex geometrical and material con-
figurations. The transport equation and
methods for soMng it; systematic deivation of
group diffusion theory. Applies homogeniza-
tion, synthesis, finite element, response matrix
technIques and nodal methods to reactor
analysis.
A. F. Henry

22.29 Nuclear Measurements
Laboratory (A)
Prereq.: 22.211
G (2)
2-6-4

Basic principles of Interaction of nuclear radle-
tions with matter. Principles and methods for
detection and energy determination of gamma
rays, neutrons and charged partIcles. Exper-
ments on gas-filled, scintillation, and semicon-
ductor detectors: nuclear electronics such as
pulse amplifiers, multichannel analyzers, and
coincidence techniques: applications to neu-
tron actvation analysis. X-ray fluorescence
analysis, neutron diffraction, and radiation
dosImetry. Meets with 22.09, but assigments
differ.
N. C. Rasmussen



Nuclear Engineerina

Nuclear Reactor
Engineering

22.311 Energy Engineering PrInclples
Prereq.: -
G (1)
3-0-9
Fundamentals of engineering thermodynamics,
fluid flow, and heat transfer. Applications to
various energy sources. Introductory subject
for graduate students without previous engl-
neWring background.
M. W Goley

22.312 EngIneering of Nuclear Reactors (A)
Prereq.: 22.311
G (1, 2)
3-0-9

Engineering principles of nuclear reactors, em-
phasizing power reactors, Power plant thermo-
dynamics, reactor heat generation and
removal (single-phase as well as two-phase
coolant flow and heat transfer) and structural
mechanics. Engineering considerations In re-
actor design.
M. S. Kariml, N. E. Todreas

2L313 Advanced Engineering of Nuclear
Reactors (A)
Prereq.: 22.212, 22.312
G (2)
3-0-9
Advanced topics In nuclear engineering em-
phasizing thermo-fluld dynamic design meth-
ods and criteria for thermal limits of various
reactor types. Fundamentals of transient heat
transfer and fluid flow under operational and
accidental conditions. Detailed analysis of fluid
flow and heat transfer In complex geometries.

. S. KazimI

22.314J Structural Mechenlos in Nuclear
Power Technology (A)
(Same subject as 1.56J, 2.084J, 3.82J,
13.14J, 16.261J)
Prereq.: Permission of Instructor
G (1)
3-0-9

Structural components In nuclear power plant
systems: their functional purposes: operating
conditions: mechanical-structural design re-
quirements. Combines mechanics techniques
with models of material behavior to determine
adequacy of component design. Effects con-
sidered Include mechanical loading, hydraulic
forces, elevated temperatures, neutron irradia-
tion, and seismic effects.
J. E. Meyer, 0. Buyukorzurk

22.32 Nuolear Power Reactors (A)
Prereq.: 22.211, 22.312
G (2)
3-0-9

A descriptive survey of engineering and phys-
los aspects of current nuclear power reactors.
Discusses design details including require-
ments for safety of light and heavy water reac-
tors, high temperature gas-cooled reactors,
fast reactors both liquid-metal and gas-cooled,
and the molten salt breeder reactors. Com-
pares reactor characteristics both In class and
by Individual student projects. Discusses de-
velopment problems and assesses potentials
for future Improvements.
L. M. Lidsky

22.33 Nuclear Engineering Design (A)
Prereq.: 22.212, 22.312
G (2)
2-6-4

Group design project involng Integration of
reactor physics, control, heat transfer, safety,
materials, power production, fuel cycle man-
agement, environmental impact, and economic
optimization. Provides the student with the op-
portunity to synthesize knowledge acquired in
other subjects and apply this knowledge to
practical problems of Interest in the reactor
design field. Meets with 22.033, but assign-
ments differ.
M. W Golay

22.341 Nuclear Energy Economics and
Policy Analysis (A)
Prereq.: Permission of Instructor
G(1)
3-0-9

A comprehensive assessment of the eco-
nomic, environmental, political, and social as-
pects of nuclear power generation and the
nuclear fuel cycle. Quantitative applications of
the principles of engineering economics; com-
parison of altematives using discounted cash
flow methods. Technology assessment/policy
analysis of institutional altematives for R&D,
management, and regulation; Includes nuclear
power plant licensing, nuclear waste manage-
ment, and nuclear power and weapons prollf-
oration. Open to qualified undergraduates.
Term paper required.
R. K. Lester

22.36 Nuclear Fuel Management (A)

Prereq.: 22.211
G (2)
3-0-9

Principles of physics and engineering govem-
Ing and constraining the configuration, ar-
rangement, and time-dependent behavior of
fuel for nuclear reactors, emphasizing in-core
and front-end aspects, and light-water reactor
applications. Economic optimization of fuel
cycles, fuel design, and assembly manage-
ment, considering both long-term strategic
goals and short-term tactics.
M. J. Driscoll

22.36J Two-Phase Plow and Bolling Heat
Transfer (A)
(Same subject as 2.57J)
Prereq.: 22.312
G (2) Next ofred 1987-68
3-0-9
Phase change in bulk stagnant systems. Kine-
matics and dynamics of adiabatic two-phase
flow. Dynamics and thermodynamics of
forced-convection two-phase flow with boiling
and/or evaporation. Thermal and hydrody-
namic stability of two-phase flows. Assoclated
topics, such as condensation and atomization.
Both water and liquid metal applications con-
sidered under each topic where data exists.
N. E. Todres, P. GrIft, W M. Rohsenow

22.37 Environmental Impacts of
Electricity (A)
Prereq.: Permission of Instructor
G (2) Next offered 196748
3-0-9

Assesses the various environmental Impacts
of producing thermal and electric power with
currently available technology. Compares Im-
pacts throughout both the fossil and nuclear
fuel cycles. Topics Include fuel resources and
extraction, power station effluents, waste heat
disposal, reactor safety, and radioactive waste
disposal.
M. W Golay

22.38 Reliability Analysis Methods (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Principles of the methods of reliability ana-
lyses Including fault trees, decision trees, and
reliability block diagrams. Discusses the tech-
niques for developing the logic diagrams for
reliability assessment, the mathematical tech-
niques 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.
N. Su

22.39 Nuclear Reactor Operations and
Safety (A)

Prereq.: 22.211, 22.311
G (2) Not to be offered 1987-68
Arr.

Principles of operating nuclear reactor sys-
tems in a safe and effective manner. Empha-
sizes light water reactor systems with transient
response studies including degraded core rec-
ognition and mitigation. Consequence analysis
and risk assessment. Lessons from past acci-
dent experience. NRC licensing and regula-
tions. 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
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OUW Advnoed RIabiIty Analyss ad Numerical andNiOk Aaseunt (A) _ Mathematical Methods
t n Subject as I

2.3, 22.62, 1.143J or 13.622J

3.04
Extended application and use of riabiy and
probabilisi dsk analysis methods. Methods
for common mode failure analysis and treat-
mont of dependencies. Bayesian statistics ap-
plied to systems reliabtiy and safety
probiems. Errc/seneltivtyanalysis. Time do-
pendmi reiabi analyals, Marko models,
SYSImSs f, and systems perfor-
mance. Replacement and maintenance strat-
egy development. Case studies of safety
analyses In nuclear and nonnuclear areas.
N. SOu, E. G. Franel

2,41 Numerloal Methods of Radaton
TOen t (A)
Prereq.: 18.076, 22.212
G (2) Next of red 19-748
3-0-0
Mathematical methods for the solution of neu-
tron/photon transport problems: detailed devel-
opment of discrete ordinates and Monte Carlo
methods for applications In radiation shielding,
reactor analysis, and biomedical dosimetry.
Discusses iteration techniques for solution of
coupled difference 4quations. Group projects
on solving original ,ansport problems by de-
sign and Implementation of computer codes.
S. p

22.42 Numerical Methods In Engineering
Analysis (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Applications of digital computers to the solu-
tion of engIneering problemu Reiews specific
mathematical techniques (lInes algebra, Inter-
polation, finite difference equr.dons). Numeri-
cal solution of ordinary differential equations.
Fundamentals of consistency, convergence,
stability, and accuracy. Numerical solution of
elliptic, parabolic, and hyperbolic partial differ-
ential equations. Special topics from nuclear
reactor physics, heat transfer, and fluid dy-
namilos. Applications emphasized through as-
signments requiring use of computer.
A. L. Soir

22.43 Advanced Numerical Methods In
Engineering Analysis (A)
Prereq.: 22.42
G (1) Not to be ofered 1967-4
3-0-9

Advanced computadonal methods. Empha-
sizes solution of multidimensional problems.
Modem iterative techniques. Solution of non.
linear equations. Numerical methods in two-
phase flow. Finite element methods with appl-
cations to incompressible and compressible
flows. Introduction to numerical turbulence
modeling. Additional special topics, varying
with interests of the class and covering latest
developments. Assignments and group proj.
acts requiring use of computer. Permission of
Instructor required for students without 22.42
background.
A. L. Sdor

22.44 Computational Methods In Materials
Solenos and Engineering (A)
Prereq.: -
G (2) Next offred 1987-68
3-0-9

Principles and applications of methods for
computing materials properties and behavior.
Atomistic simulation techniques of molecular
statics, molecular dynamics, and Monte Carlo
as appied to crystalline solids with and with-
out defects. Continuum modeling of fluid flow

phenomen in materils site
element methods. of er-
ror propagation and multivara eror analysis
In experimental design. Hands-on experience
using existng computer programs and pro-
grams developed during the term. Suitable for
advanced undergraduates.
S. Ygp, . K&aWOn

22.51 RadIation Interotione and
Applications (A)
Prereq.: 8.05
G(1)
3-04
Basic principles of Interaction of elctromag-
nedc radiation, thermal neutrons, and charged
particles with matter. Introduces classical elec-
trodynamics, quantum theory of radiation field,
time-dependent perturbation theory, transition
probabilities and cross eson describing In-
teracdon of various radiaton with atomic sys-
tems. Applications Include theory of nuclear
magnet resonance; Rayleigh, Raman, and
Compton scattering; photoeleotric effect; and
use of thermal neutron scattering as a tool In
condensed matter research.
S-H. Chen

22.55J BIologlIal and Medical ApplIcatione
of Radiation and Radloleotopee (A)
(Same subject as HST 580J)
Prereq.: 8.272 or 22.111
G (1)
4-0-8

Principles of radiation production and Interac-
dons. Radiation dosimetry emphasizing appl-
cations and health hazards. Shielding of beta,
gamma, and neutron radiation from isotope
and machine sources. Detection and spectros-
copy of beta, gamma, and neutron radiation.
Neutron activation analysis. Production of ra-
dicleotopes and radicpharmaoeulcals. Princ-
ples of nuclear medicine. Requires a
comprehensive term paper and presentation.
G. L. Brownell, Staff

22.56J Principles of Medical Imaging (A)
(Same subject as 2.761J, HST 561J)
Prereq.' Permission of Instructor
G (1)
4-0

Principles of medical imaging Including X-ray,
nuclear medicine, ultrasound, NMR, emis-
son and transmission computed tomography,
and other modalities. Two-dimensional and
three-dimensional imaging techniques and dis-
plays. Fundamentals of img formation,
physiology of Image e, physics of ra-
diaon and uitrasound interaction and detec-
tion, and physics of NMR. Quantitaion of
images and reconstruction algodthms. A com-
preheuislve term paper required,
G. L lrown*ll, A. C. Nelson, P P. Le, Staff

22.561J netic Resonance - Analytic,
Bochema , and Imaging Techniques (A)
(New)
(Same subject as HST 564J)
Prereq.: Permission of Instructor
G(2)
3-0-12

See description under subject HST 584J.
B. Rosen, S. L. Tan
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2J ROdaMon Wlophysio (A)
S as HST 56J)

: 8. or 22.111
S(2) offered 166748
4-04
Effects of Ioniing radiation, ultravlolet reds-
don, and heat on biological matedials, cells
and tissues. Examines in vlvo and in vloo
mammalan systems, and explores mathemati-
cal models for call survival emphasizing pro-
diodon. Mrostruotural damage to call
components such as membranes, organelies,
enzyme, and DNA studied. Radiation syn-
dromes In man, mutagenesls, and oarcinogen-
eels also Investgated.
A 0. Ngsen,

22.671J General Thermodynamics I (A)
(Same subject as 2.451J)
Prereq.: Permission of Instructor
(3(1)

See desciption under subject 2.461J.
E. P. Gyftopoulo., G. P. Bereta

22.72J1 Quantum Thermodynamics (A)
(Same subject as 2.452J)
Prereq.: Permission of Instructor
G(2)
3-0-9

See description under subject 2.452J.
E. P. Gyflopouoe, G. P. Beretta

22.66 Prinolples and Practice of Radiation
Mesurement and Protection (A)
Prereq.: 22.111
G(2)
2-4-6

Combines lecture, demonstratIon, and experi-
ment. Covers effects of radiation on persons,
and control radiation exposure Including ap-
pl~cabl standards and the measurement of
radiation. Real experience in radiation, use,
measurement, management, and control pro-
vided at the MITR, a linear accelerator, and
power reactors. Covers theory and use of a,
p, , and n detectors and spectrometers. Cov-
ers preparation and hadling of isotopes,
shielding, analysis, and design of radiation
protection systems and procedures, In applica-
tions including nuclear power generation,
medical, and research uses of radiation.
0. K. Harfn

Plasmas and Controlled
Fusion

22.601 Fusion Energy I (A)
Prereq.: Permission of Instructor
G(1)
3-0-9

Basic nuclear physics and plasma physics for
controlled fusion. Nuclear physics: fusion
cross sections, ignition condition, break-even
condiion, Lawson criterion elereny fusion
reactor, required plasma parameters. Plasma
physics: definition of a plasma, singie-partiole
orbits, Coulomb colisions, fluid model, mag-
neio fusion configurations, MHD equilibrium
and stability, transport and headng. Meets
three lecture hours a week with 22.061, but
with different assignments and exams.
J. P. FdIdberg

22.602 Fusion Energy 11(A)
Prereq.: 22.601 or 22.61 1J
G(2)
3-0-9

Basic engineering and technology of controlled
thermonuclear reactors. Current confinerent
devices: tokamaks, mirrors, altemate con-
cepts. Thermonuclear reactors: systems
analysis and design of power reactors, ignition
experiments, hybrid reactors. Reactor technol-
ogies: neutronlos, blanket design, magnet de-
sign, first wall, materials and activation,
heating technology, tritium handling. Present
reactor designs: detailed critical review of pro-
totype reference reactor designs. Safety and
environment. Meets with 22.062, but different
assignments and exams.
J. P. Fruldbeg

2.611J Introduction to Plasma
PhysIcs I (A)
(Same subject as 6.651J, 8.613J)
Prereq.: 6.014 or 8.07, 6.018 or 8.06,
18.04 or 18.075
G (1)
3-0-9

See description under subject 8.613J.
K. Moog, A Bers, M Porkolab

22.612J Introduction to Plasma
Physics 11 (A)
(Same subject as 6.652J, 8.614J)
Prereq.: 6.651J or 8.61W or 22.611J, 18.076
G (2)
3-0-9
Unear waves and Instabilities In magnetized
plasma; solutions of Vlasov-Maxwell equations
in homogeneous and Inhomogeneous plas-
mas; conservation principles for energy and
momentum; negative energy waves; absolute
and convectve instabilties. Quasi-linear
theory and conservation principles; evolution
of unstable particle distribution functions. CoiN-
slonal transport theory; Fokker-Planck equa-
tions; particle diffusion, thermal condutvity,
and viscosity in magnetized plasma.
K. Movi, A Bers, R. C. DaMaon

22,61SJ MHO Theory of Magnete Fuson
systems I (A)
(Same subject as 6.653J)
Prereq.: 22.601 or 22.611J or 6.651J or
6.613J
G (1)
3-0-9
Development of Ideal MHD theory and app-
caton to magnetic fusion systems. MHD
model: derivation from Boltzmann equation
and single-paicgulding center drifts. Equi-
lbrium: 0 pnch, 2 pinch, screw pinch, Grad-
Shafranov equation, RPP, tokamak, stellarator.
Stability: the Energy Principle, kink modes, In-
terchanges, ballooiing modes, Suydam orite-
rion, Mercier criterion, Kruska-Shafranov limit.
impact of MHD equlibrium and stability on
RPPs, straght and toroidal tokamaks.
R. R. Purker

22.616 MHD Theory of Magnetic Fusion
Systems 11 (A)
Prereq.: 8.85WJ or 22.815J
(3(2) Next offere 1667468
3-0-9
Continuation of 22.615J. Theory and applia-
don of nonideN MHD theory. Resistve Insta-
bilities: tearng modes, resistive Interchanges,
resistve ballooning modes, nonlinear satura-
tion. Application to Mimov oscillations, saw-
tooth oscilations and major disruptions in a
tokamak. Finite Larmor radius stablization: ro-
tatonal stabilide in tandem mirrors, Internal
kinks and interchanges In tokamaks. Guiding
center theory: collislonless anisotroplo model,
equilibrium and stability of simple axisymme-
tdo, non-axisymmetric and tandem mirrors.
J. P. Freldberg

22.63 EngineerIng Principles for Fusion
Ractors
Prereq.: Permission of Instructor
G (1) Not to be ofered 1967-6
3-0-9
Introductory subject for advanced undergradu-
ate and graduate students. Vacuum engineer-
Ing based on consderations of free molecular
flow, surface physics and standard design
pracdoes, magnetic field generation by normal
cryogenic and superconducting coils, high
voltage engineering and practice, production
of high power Ion, electron and neutral beam
systems, microwave engineering for plasma
systems, applications to fusion systems. Open
to qualifed undergraduates.
0. R. Cohn, J. E. Meyer

22.64J Plasma Kinet Theory (A)
(Same subject as 8.621J)
Prereq.: 8.613J or 16.5W
G (1)
3-0-9

See description under subject 8.621J.
T. H. Dupre
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Me.J Manoed Topia In PlaNa KIIeNoG
Theory (A)

Prrq.: 8.621J or 22.64J
G (2)
3-04
See description under subject 8.622J.
T. H. OW

22.6 Plasma Transport Phenomena (A)
Prsreq.: 22.611 J or 6.651J or 8.613J, 22.84J
or 8.621J
G (1) Not to be offered 190748
3-0-
Transport theory analyzes the processes by
which particle energy, momentum, and mass
diffuse across the magnetic ed. Devlops the
colltsonal classical and neoclassical transport
theory of tokamak (and stellarators) Including
the theory of MHD equlHbrium, part ot
and Folder Planck operators, for the hydro-
genic and impurity lons, as well as Injected
and alpha partcles. Emphasizes connection to
experimental confinement and achievement of
high beta.
0. J. Sm, K. MoAV

22.67 Principles of Plasma Diagnostics (A)
Prereq.: 22.61 1J or 6.651J or 8.613J
G (1) Not to be oftred 196746
3-0-
Introduction to the physical processes used to
measure the properties of plasmas, especially
fusion plasmau. Measurments of magnetic
and electric ields, particle flux, refractive In-
dex, emission and scattering of electromag-
netic waves and heavy partiles; their use to
deduce plasma parameters such as particle
density, pressure, temperature, velocity, etc.,
and herc the plasma confinement properties.
Discussion of practical examples and assess-
ments of the accuracy and relablity of differ-
ant techniqlues.
L. H. HuArihion

22.0 Plasma Laboratory (A)
Prereq.: 22.61 1J or 6.6851J or 8.613J or 22.63
G (2)
1-4-4

introduces the advanced experimental tech-
niques needed for resarch In plasma physics
and useful in experimental atomic and nuclear
physics. Laboratory work on vacuum systems,
plasma generation and diagnoetos, physics of
Wft gse Ion sources and beam optics,

crygencsmageti fildgeneration, and
other topics of current interest; brief lectures
and literature references to elucidate the phys-
ical bases of the laboratory work. Meets with
22.00, but assignments differ.
1. H. Hulffinson

Nuclear Materials

22.70J Materlais for Nulear
Appliations (A)
(Same subject as 3.71 1J)
Prereq.: 22.71J or 3.71J or 3.14
G (2)

Introductory subject for students who are not
specializing In nuclear materials. Applications
and selection of materials for use In nuclear
applications. Radiation damage, radiation
effects, and their effects on performance of
materials In fission and fusion environments.
Meets with 22.07W, but assignments differ.
R. G. Baliger

22.71J Physical Metallurgy Principles for
Engineoes (A)
(Same subject as 3.71J)
Prereq.: Permission of Instructor
G(1)
3-0-9
Thermodynamics and stability of alloy phases.
Diffusion-controlled rate processes. Defect
properties and mechanical properties. Empha-
sizes structural evoluion, structure-property
relations, and the oon feature among
various materials. Quantitative analysis in
physical metallurgy for engineering materials.
Meets with 22.071J, but assignments differ.
A. Mortensen

22.72J Nuclear Fuels (A)
(Same subject as 3.72J)
Prereq.: 3.13 or 3.14 or 22.71J or 3.71J
G (1) Not to be oftred 196748
3-0-9
Behavior of nuclear fuels and fuel element
cladding materials In reactor cores. Experi-
mental observations; phenomenological and
theoretical modeling of radiation; and thermal-
Induced effects such as fuel and cladding
swelling, fission gas release, and radiation-
Induced creep. Fuel design, performance
modeling, and reliabilty analysis using state-
of-the-art computer codes. Recent develop-
ments In advanced nuclear and fusion related
core materials.
R. G. Bak1W

22.73J Radiation Effects In Crystalline
Slids (A)
(Same subject as 3.73J)
Prereq.: 3.02 or 3.71J or 22.071J or 22.71J,
22.74J
G (2)
3-0-9
Unified treatment based on goveming princi-
pies In defect structures, thermodynamics and
kinetcs of equilibrium and nonequibrium sys-
tem. Discusses phenomena of radiation ef-
facts in metals and nonmetals used in fission
reactors, fusion reactors, nuclear waste en-

capeulation, and Ion bea'n technology. Topics
include defect generation, damage evolution,
radiation enhanced and induced rate pro-
cesses, radiation effects on mechanical and
physical properies.
K. C. Russell

22.74J Mechanical leehvor of
Materials (A)
(NOW)
(Same subject as 3.30J)
Prereq.: 2.30, 3.11 or 22.71J
G (1)
3-0-9

See description under subject 3.39J.
R. M. N. Plloux, R. G. Banger

2277 Nuclear Waste Management (A)
Prerq.: Permission of Instructor
G (2)
3-0-9
Introduces scientific and enginewing aspects
of the management of spent fuel, reprocessed
high-level waste, uranium mll tailings, low-
level wastes, and decommissioning wastes.
Fundamental processes and governing equa-
tions of radiation and radionuclde transport.
Design principles and evaluation methods for
geologic waste disposal systems. Interim stor-
age, processing, and transportation technolo-
glee. Review of nuclear waste management
regulation. Open to quaifed undergraduates.
R. K. Lester

1-7-
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General

22.01 Energy Asessement (A)
Prereq.: Permission of Instructor
G(1)
3-0
An Introduction to the broad field of energy, In-
cluing technological socil, environmental,

eooI and pOWa aspects. Energy provi-
sIn transformation, and utilbatio. vlp
ment of energy options for the future, and
analyses of present regional, national, and in-
temadonal energy programs. For graduate
students entering spoeOfic energy fields or
fields in which energy Is Important, and who
desire a holstic overview. Meets with the un-
dergraduate subject 22.08, but assignments
difer.
M Miler

22.02 Engineering Risk-Benefit Analysis (A)
Prereq.: 18.02
G(2)
3-0
School-Wide Elective Subject. Description
given at end of this chapter on SWE page.
A W Drake, A. R. Odoni

22.821 EngIneerIng Systems Analysis (A)
Orereq.: Permission of Instructor
G (1)
3-0
School-WIde Elect Subject. Description
"eataendof this chapter on SWE page.

.do Nou"I, J. P. Clark

22.641 Nuolear Weepons and Arms
Ccntol: Technology and Policy Issue
Prereq.: -
G(1)
4-0-

School-Wide Elective Subject. Description
gve at end of this chapter on SWE page.
G. W RhUfene, J. P. Rulne

22.8 EnUepreneurship
Pfereq.: -
G (2)
4-0-5

School-Wide Elecive Subject. Description
gven at nd of this chapter on SWE page.
b. G. Jaao

22.601-22.004 Special Problems In
Nuclear EngIneerIng (A)
Prereq.: Permission of Instructor
0(1,2)
Arr.
For graduate and advanced undergraduate
students who wish to carry out a one-term
prOWtof a theore"Oal or experimental nature
In thnuclear flei In oloe co-
operation with l staff members. Ar-
rangenient of topic and hours to f student

A F. Henry

22.011 seminar in Nuclear Engineering
Prereq. -
Q (1)
2-0-1

22.912 Seminar In Nuoleer Engineering
Prereq.: -
Q (2)
2-0-1
Restricted to graduate students engaged In
dooal thesis rsearch.
J. E. MeOW

22.913 Graduate Seminar In Energy
Aswement
Prereq.: Permission of instructor
G (1)
2-0.1

Primarily designed as a communication me-
dium among students conducting research in
energy-related areas, and as a means for ob-
taining critical evaluation of their ongoing re-
search work. Covers topics ranging from
technological comparisons to envronmental,
social, resource, and political impacts, de-
pending on current student and faculty
Interest.
R. K. Lester

22.914 Graduate Seminar In Energy
Asessament
Prereq.: Permission of Instructor
G (2)
2-0-1

Continuation of 22.913.
R. K. Lester

22.92 Advanced Engineering Internship
Prereq.: 22.002
G (1, 2, S)
0-0

Provides credit for the third and fourth Work
Assignments for students affilated with the
Engineering intemship Program. Students reg-
ister for this subject twloe. Students must
complete both Work Assignment to receiv
the academic credit for this subject. Enroll-
men limited to students In the Engineering In-
temnship Program.
R. G. Bainger

22L3 Teaching wExperens In Nuclear
Engineering (A)

Prereq.: Permission of Department
G (1, 2, 8)
Arr.
For qualfied 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 avalibllity of
suitable assignments. Credits for this subject
may not be used toward Master's or Engl-
n oes degrees.
N. E. Todres
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24 Linguistics
and Philosophy

Philosophy

24.UR Undergraduate Researoh
Prerq.: -
U (1, 2)
Arr.
Undergraduate research opportunities In Un-
guistlcs and Philosophy. For further Informs-
don consult the Departmental Coordinators.

inustics: W. O'Nei
P sphy: N. Block

24.00 Introduction to the Problems of
Phgoeophy
Prereq.: -
U (1, 2) HUM-D
3-0-
introduction to the problems of philosophy, In
particular, to problems in ethics, metaphysics,
theory of knowledge, and philosophy of logic,
language, and sclence. A systematic rather
than historical approach. Readings from clas-
sical and contemporary sources, but emphasis
on examinaton and evaluation of proposed
solutions to the problems.
S. Ommberper

24.01 Contemporary Moral Issues
Prereq.: -
U (1, 2) HUM-D
3-0-

Examinaton of some practical Issues In moral
and social philosophy as they occur In theoret-
Ical controversies related to contemporary ex-
perience. This years topics center around
moral questions of the justifability of taking
lie, including euthanasia, abortion, and capital
punishment, as well as problems associated
with human rights, privacy, and affirmative ac-
don. Readings from great writers In the history
of philosophy as well as from contemporary
philosophers and Supreme Court cases.
J. W DeCew

2402 The Meaning of Life
Pr~eq.: -
U (1) HUM-P
3-6

Problems of human experience approached
through philosophical analysis. Questions
about the meaning of lIfe, the nature of death,
and the creation or discovery of values studied
through readings In contemporary philosophy
as well as in the history of philosophy. Enroll-
ment limited.
L Singer

24.03 LogI, Language, and Values
Prer.:-
U (1, 2) HUM-D
3-0-

Introduction to that part of philosophy that
deals with "ruth, meaning, and proof. Applica-
tion of logic and analysis to perennIal philo-
sophical problems such as the existence of
God, the difference between deduction and In-
duction, the definition of good and validity In
reasoning. Fallacies and paradoxes. Readings
from such authors as Plato, Locke, Hume,
Bertrand Russell, W. V. Quine.
Staff

24.04 Moral and Legal ResponelbilIty
Prersq.: -
U (2) HUM-D Next ofered 198748
3-0-

Introduces that area of philosophy which deals
with what is involved In holding people re-
sponsIble for what they do and what they
cause. Questions: May anyone ever properly
be held responsible or at fault for anything? is
freedom of the will necessary for responsibility
or blame? What, If anything, Is the justification
for punishment? Under what conditions should
a legal system hold a person hable for the
damage he or she causes? Readings Include
classical and contemporary writings and some
selected judicial opinions.
J. J. Thomson

24.05J Nature of bolendt Knowledge
(Same suoject as STS 205J)
Prre.: -

U (2) HUM-D
3-0-8

An Introduction to fundamental philosophical
problems concerning the nature of science
and its development. How, for example, is sci-
endfo knowledge arrived at; In what circum-
stanoes are theories rejected and replaced;
what criteria or values govern these pro-
cesses; and what gives their outcome such re-
liablity? Are facts given once and for all,
Independent of theory, or does change of
theory change what it is to be a fact? Do sci-
entfic theories describe an underlying reality,
or do they merely provide an economical sys-
tematization of concrete experimental results?
T. Kuhn

24.06 The Human Mind
Prereq.: -
U (1, 2) HUM-D
3-0-

Introduces that part of philosophy concerned
with the mind, with special attention to the role
of science in the study of the mind. Questons
discussed: Do people always act selfishly? Is
human reason Inherentiy defective? Are social
and Intellectual differences due to geneic dif-
forences? Are some Ideas Innate? Are the two
hemispheres of a human brain really the
brains of two different persons? Wil com-
puters ever think - Indeed, are we, ourselves,
computers?
R. Cummings

2.09J Clesslee In Political Philosophy
(Same subject as 17.113J)
Prereq.: -
U (2) HUM-D
3-0

Introduction to conceptions of social justice
through a close study of clasecal works In the
history of political philosophy that present
complete and systemai accounts of human
nature and just association. Readings: Plato's
Repubfic, Hobbes' Levietan, Rousseau's So-
dlu Conact and Marx's German Adsology
J. Cohen

24.111 Philosophy of Wology

Prere.: -

U (1) Next ofered 197-8
3-0-9

Introduces nmetooogi and conceptual Is-
sues of biology. Topics: creaonism: soclobiol-
ogy; nature vs nurture; whether Mendellan
genetics Is reducible to molecular biology; te-
leological explanation In bIology; what a spe-
cies Is; the units of selection; the logical status
of the principle of natural selection; adaptation
and optimization.
N. Block

24.113 Philosophy In Film and Literature
(New)
Prereq.: -

U (2)
3-0-9

Study of some major works in each of these
media as relevant to probleme in aesthets as
well as other areas of Philosophy. Includes the
nature of artistic truth In Iterature and In film;
the ontology of the photographic Image; the
relationship between verbal and nonverbal ex-
pressiveness. Readings in phiosophy and lit-
erature, and viewing of several films.
I. Singer
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24.116I introduction to Cognitive Scoence
(Same subject as 9.62J)
Prereq.: -
U (1)
3-0-9

See desocription under subject 9.62J.
D. N. Oweron

24.116 Minds and Machines
Prorq.: -
U (1,2)
3-0-9
Examination of problem In the Intersection of
artificial Intellgence, psychology, and phHio-
phy. loeue discussed: whether people are
Turing Machines, whether computers can be
conscious, imitations on what computers can
do, computation and neurophysiology, the
Turing test, the analog/dIgIal distinction,
GOdel's theorem and mechanism, the relation
between simulation and explanation, whether
some aspects of mentally are more resistant
to programming than others.
N. Bock

24.121J Feminist Philosophy
(Same subject as SP 410J)
Prereq.: Permission of Instructor
U (2) Next offle 1n074
3-0-6
An Introduction to the views of contemporary
feminist philosphers on the person, experI-
ence, science, moral ifl, and practice of doing
phiosophy. Also an examination of selections
from classical texts and Influential contempo-
rary thinkers from a feminist perspective.
Readings from Arstotle, Augustine, Rousseau,
do Beauvoir, Frye, Held, and others. Approved
for concentration in Women's Studies only.
C. Midthtbk

24.151 Introduction to Philosophy of
Language
Prgreq.: -
U (2)
3-04

Examination of views on the nature of mean-
Ing, reference, truth, and their relationships.
Olher topics may Include relationships be-
tween language and logic, language and
knowledge, language and reality, language
and acts performed through Its use. No knowl-
edge of logic or linguistics presupposed.
S. romnberger

24.171 Introduction to Phenomenlogy
Prseq.: -
U (1) Next ofered 196740
3.0
The philosophy of Edmund Husserl. Readings
from Logical Investigations, Ideas I, Cartesian
Meditations, The Idea of Phenomenology. Dis-
cussion centered on the concepts of Intention-
alty, founding, phenomenological reduction.
Survey of the development of phenomenology
since Husserl.
G-C. Rots

24.172 Being and Time
Prereq.: -
U (1)
3-0-
The philosophy of Martin Heldegger and Its in-
fluence on contemporary thought, stressing
existential views on the foundations of sci-
ence, the critique of classical logic, and Carte-
slan thought. Readings from Heidegger's
Being and 77me.
G-C. Rota

24.200 Soorates and Plato
Prereq.: One Philosophy subject
U (2)
3-0-9
The quest for the historical Socrates; Socratic
questions, dialectic, and paradoxes. The phi-
losophy of Plato's middle period, with empha-
als on the theory of forms and its bearing on
ethics and theory of knowledge. Plato's critical
dialogues. Some attention to Socrates' prede-
cessors and to Aristotle.
R. L. Carwrlght

24.202 Modern Philoophy: Descartes to
Kant

Prereq.: One Philosophy subject
U (1)
3-0-9

Philosophic thought in Europe during the 17th
and 18th centudes. The continental rational-
ists: Descartes, Spinoza, and Leibniz; the BrIt-
Ish empirists: Locke, Berkeley, and Hume;
Kant.
J. Hyman

24.203 Aspects of 20th-Century PhIlosophy
Prereq.: One Philosophy subject
U (1)
3-0-9

Study of several major works in European and
American philosophy. Emphasis on moral
theory In the writings of Bergson, Santayana,
Sartre, Freud, and others.
L. Singer

24.210 Problems In the Philosophy of Love
(New)
Prerq.: One Philosophy subject
U (2)
3-0-9
Philosophical Issues In the study of effective
bonding: e.g., the distinction between ap-
praisal and bestowal as types of valuation, the
nature of Idealization, the development of ego
ideals, and the relationship between love, de-
sire, emotion, and reason. Readings In recent
philosophy.
L. Singer

24.211 Theory of Knowledge
Prereq.: One Philosophy subject
U (1)
3-0-9

Study of problems conceming our conopt 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.
J. HigInbotham

24.221 Metaphysios
Proreq.: One Philosophy subject
U (2) Next ofee 107-6
3-0-9
Study of basic metaphysical issues conceming
existence, the mind-body problem, personal
Identity, causation and Its implications for free-
dom. Classical as well as contemporary
readings.
J. W eCw

24.231 Ethics

Prereq.: One Philosophy subject
U (2)
3-0-9
Systematic study of central theories In ethics,
Including egoism, act and rule utilarianism,
Intultlonlem, emotivism, rights theories, and
contractualism. Discussion and readings also
focus on problems associated with moral con-
flicts, justice, the reladonship between right-
ness and goodness, objective vs subjective
moral judgments, moral truth and relativism.
J. W DCew

24.233J Political Philosophy
(Same subject as 17.105J)
Prereq.: One Philosophy subject
U (1)
3-0-9

See description under subject 17.105J.
J. Cohen

24.236 Philosophy of Law

Prereq.: One Philosophy subject
U (1)
3-0-9

Examination of fundamental issues In philoso-
phy of law such as the nature and limits of law
and a legal system and the relation of law to
morality, with particular emphasis on the phlo-
sophical issues and problems associated with
privacy, liberty, justice, punishment, and re-
sponsibility. Historical and contemporary read-
Ings, including court cases. Permission of
Instructor required for students without the
above prerequisite.
J. W Decew
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24.g41 Logi I
Prorq.: -
U (1)
3-0-9

introduction to the alms and techniques of for-
mal loi. The logic of truth-functions and
quatfir. The concepts of validity and truth
and their relation to formal deduction. Applica-
tons of logic and the place of logic in
philosophy.
G. 8.00108

24.242 Logic I1
Prereq.: 24.241
U (2)
3-0-9

The central results of modem logic: the com-
pleteness of predicate logic, recursive func-
tons, the incompleteness of arithmetic, the
unprovablity of consistency, the indefinability
of truth, the Skolem-Lawenheim theorem, non-
standard models. Permission of Instructor re-
quired for students without the above
prerequisite.
G. 8. Bool)

24.2M2 Ales of Scierniic cosmology:
Arstotle to Newton
(Same subject as STS 224J)
Proms.: -
U (2) Next offered 198748
3-0-9

Centering on theories of terrestrial and celes-
tl motion, the subject traces the development
of ideas about the physical universe from clas-
sical antiquity to the 17th-century foundation of
modem science. Readins emphasize selec-
tons from the original stific sources, espe-
ily: Aristotle, the Scholastics, Copemicus,

Galileo, De es, Huyghens, and Newton.
T. S. Kuhn

24.22 Special Topics In Philosophy
Prereq.: Any two subjects in philosophy
U (1)
Arr.

Open to qualfied students who wish to pursue
special studies or projects. Students electing
this subject must consult the Department
Head.

24.280 Special Toples in Philosophy-
Prrq.: Any two subjects in philosophy
U (2)
Arr.

24.400 Proesminar in Philosophy I (A)
Prereq.: Permission of Instructor
G(1)
6-0-18
24.401 ProsmInar in Philosophy 11 (A)
Prereq.: Permission of instructor
o (2)
6-0-18
Advanced study of the basic problems of phl-
losophy, intended for first-year graduate stu-
dents in philosophy.
P. Homitch

24.410 Topics in the History of
Philosophy (A)
Prereq.: Permission of instructor
G (1)
3-0-9
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.
J. Hyman

24.501 Problems In Metaphysice (A)_
Prereq.: Permission of Instructor
G (2) Next offered 1180746
3-0-9
Metaphysical problems centering around a
number of interrelated philosophical Issues
about the identity across time of physical ob-
jects, persons, and events. Readings from
both classical and contemporary sources.
J. J. Thomson

24.51$J Problems of Mental
Repreeent.tion (A)
(Same subject as 9.n71J)
Prereq.: Permission of Instructor
G (2)
3-0-9
Topics: the case for mental representation;
doubts about the Intelligibility of mental repre-
sentation; the relation between intemal lan-
guage and extemal language; where does
meaning come from, mental representations or
beliefs; the syntactic theory of the mind; con-
ceptual role semantics and procedural seman-
tics; narrow content; the two-factor theory of
the meaning of mental representations.
N. Block

24.601 Topics In Moral PhIlosophy (A)
Prereq.: Permission of Instructor
(G (2)
3-0.9
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.
J. W. DeCew

24.611J Political Philosophy (A)
(Same subject as 17.106J)
Prereq.: Permission of instructor
G (1)
3-0-9
See descripion under subject 17.106J.
J. Cohen

24.121J Philosophles of SOONl 1o0enos (A)
(Same subject as 17.104J)
Prereq.: Permission of Instructor
G (2)
3-0-9

See description under subject 17.104J.
J. Cohen

24.70 Set Theory (A)

Prereq.: 24.241
0 (1) Next offered 1980748
3-0-9

Zermelo-Fraenkel set theory. Topics: the para-
doxes and their resolutions, relations, func-
tions, orderings, ordinals, the reduction" of
arithmetic to set theory, types and the general
structure of the universe of set theory, cardi-
nals, orders of infinity, continuum question,
Konig's theorem, concept of truth, Lowenheim-
Skolem theorem, reflection principle, measur-
able and inaccessible cardinals, construodbil-
Ity, and forcing.
G. s. Book)

24.711 Topios in Philosophloal Logic (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

Problems of ontology, epistemology, and phi-
losophy 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 frow year to year, and subject may
be taken repea-idly upon permission of in-
structor and advisor.
R. L. Cartwrght

24.715 Intentionality and Logic (A)
Prereq.: Permission of Instructor
G (1) Next oNred 188748
3-0-9
Formal systems and philosophical perspec-
tives on the analysis of modality and Inten-
tonal discourse (propositional attitudes).
Elements and evolution of modal and inten-
sional logic; criticisms and comparisons with
other systems. Topics and reading given spe-
dal emphasis and may vary from yew to year.
J. Hgginboham

24.001 Philosophy of Mathematics (A)
Prersq.: Permission of Instrucor
G~l
3-0-9

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.
G. S. Boolos

Open to qualified students who wish to pursue
special studies or projects. Students electing
this subject must consuit the Department
Head.
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S4W00 Topics In PhIleephy of seseM (A) Linguistics
Pfereq.: Permission of Instrutor
G 9

Topics in the foundations of science, e.g., the
nature of concepts and theories, the distinction
between empirloal and theoretical knowledge
claims, reaist and Instrumentalist interpreta-
tion of such claims, and the analysis of Golen-
ift explanation. The oentral topic varies from
year to year; subject may be taken repeatedly
with the permission of Instructor and advisor.
1086647 sminar focuses on concepts of "nat-
ural kinds" In their relaion to topics above.
S. Bromberger, T. 8. Kuhn

24.652 Speolai Graduate Topics In
PhNoeophy (A)
Prereq.: -
G(1)
Anr.
114.611 Special Graduate Topics In
Philoeophy (A)
Pro"e.: -
G (2)
Anr.
Open to qualified graduate students In philos-
ophy who wish to pursue special studies or
projects. Consuit Department headquarters.

24.OOJ The Sudy of Language
(Same subject as 21.321J)
Prereq.: -
U (1, 2) HUM-D
3-0-
What is language? What does knowledge of a
language consist of? How do children leam
languages? Is language unique to humans?
Why are tre many languag? How do lan-
guages chng? is any language or dialect
superior to another? How are speech and writ-
Ing related? Context for than and similar
questions provided by basic examInation Of In-
ternal organization of sentences, words, and
sound systems. Assumes no prior training in
linguistics.
S. Bromberger, J. W. Hars, W. O'Nell,
R. Larson

24.901J Language and Its Structure
(Same subject as 21.322J)
Prereq.: 24.900
U (2)
3-0-6

Detaled examination of fundamental concepts
and issues in linguistic theory, with emphasis
on explanatory models In linguistics and their
bearing on issues in philosophy and cognitive
psychology. Phonology: phonetic features, the
organization of phooological systems, Phono-
logical change; examples from English and
other languages. Syntax: deep and surface
structures, properties of syntactic rules, syntax
and semantics; a survey of the major syntactic
procsses of English.
J. WHande, K Hale

24.915 Elements of Linguistic Theory (A)
Prereq.: -
G (1)
3-0-9
Fundamental aspects of major branches of Un-
guistic research: phonology, syntax, seman-
tics, pragmatics. Foundational issues:
organization of grammar, Interaction of com-
ponents, relation to psychology and theory of
knowledge. Primarily for nonlinguists with a
professional interest In linguistics. Undergrad-
uates with permiesion of Instructor only.
J. Higginbotham, 8. Bromberger, M. Halle,
N. A. Chomeky

24.921 Special Graduate Topics In
Unguistlos (A)
Prereq.: -
G (1)
Arr.

Open to qualified graduate students In linguis-
tics who wish to pursue special studies or
projects. Consult Department headquarters.

24,92 Speolai Graduen Topics in
ungulete (A)
Prereq.: -
G (2)Arr.

Open to qualified graduate students In lnguls-
tics who wish to pursue special studies or
prects. Consult Department headquaters.

24.91 Ungulstlo Structures: Romance (A)
Prereq.: 24.951, 24.961
G(1)
3-0-9

Topics In the syntax of the Romance lan-
guages, with emphasis on the appication of
modem theor to classical problems of Ro-
mancs linguistics and the Implications of data
drawn from the Romance lang for
oral linguistic theory. Some =r
Romance language required.
R. 8. K"yn

24.933 History of the English Language (A)
Prereq.: Permission of Instructor
G (2) Next offered 1957-89
3-0-9

Selected topics In the history of English syn-
tax, morphology, and phonology from Old En-
gush to the present, formulated within an
attempt at a general theory of linguistic
change. Some knowledge of Old and Middie
English desirable.
W O'NI 8. J. Keyms

24942 Toplcs In the Grammar of a
Nonlnd4uropeen Language (A)
Prereq.: 24.951
G (2)
3-0-6

Detailed examination of the grammar of a lan-
uage whose structure is significantly different

English, with special emphasis on prob-
Isms of Interest in the study of linguistic uni-
ersais. A native speaker of the language

assists when possible.
K. L. Hale

24.943 Studlee In American Indian
Ungulatloe (A)
Prereq.: PermissIon of instructor
G (1)
3-0-9

24.944 Studies in Amerloan Indian
Unguietice (A)
Prereq.: Permission of Instructor
G (2)
3-0-9

Detailed examination of specific topics In the
structure of an American Indian language, with
special emphasis on linguistic problems which
bear on the educational concerns of the com-
munity In which the language is spoken. Topic
varIes from term to term and year to year.
Subject may be taken repeatedly with permis-
sion of instructor. Native command of an
American Indian language preferred.
K. L. Hale
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24&0 Woikehop in Lnguiele and
Mdueoion (A)
Prereq.: Permission of instructor
G (2)
3-0
An exploration of the educational potential of
the theoretial study of language In elemen-
tory and secondary education, focusing upon
the use of inguistic data and problems as a
medium for teaching scientii method; design
of language-based games, game-ike activi-
ties, and research projects appropriate fpr ele-
mentary and secondary school years; a
consideraton of the design of language-based
science curricula in bi- and multilingual com-
munitles; the relaidonship between a language-
based science curriculum and other areas of

al educational concem.

24.4J Lnquietio Theory and Second
Lw Acqubton
(No*)
(Sane subject as 21.320J)
Prereq.: Permission of Instructor
G (2)
3-04
Reading and discussion of current linguistic
theory, first language acquisition research and
data concerning adult second language acqui-
siton. Focus on development of a theory of
econd language acquisition within a theory of
Universal Grammar. Emphasis on syntactic,
lexical, and phonological development. Exami-
nation of ways In which this body of data con-
fronts theories of language.
W. O'Ne!, S. Flynn

24.061 Ioduction to Unguietics I:
Syntax (A)
Prereq.: 24.901J
0(1)
3-0-9
Introduction to theories of syntax which under-
He work currentiy being done within the lexical-
funcdonal and govemment-binding frame-
works. Organized into three Interrelated parts,
each focused upon a particular area of con-
oem: 1) phrase structure, 2) the lexicon, and
3) principles and parameters. Grammatical
rules and processes constitute a focus of at-
tendon throughout the course, serving to re-
veal both modular structure of grammar and
Interaction of grammatical components.

24.062 Introduction to Unguistics i:
Theory of Grammar (A)
Prerq.: 24.951
G (2)
3-0-9

Problems in constructing an explanatory
theory of grammatical representation. Topics
drawn from current work on anaphora, case-
maridng, control, argument structure, Wh- and
related constructions. Study of language-par-
ticular parameters in the formulation of lnguis-
tc universals.
R.8. Kayne

24,n I0introduction to Unguiellos IV:
Universal Grammar (A)
Prereq.: 24.951

3-0-9

The nature of Hnguistic universals, which make
it possible for langusoes to differ and place
limits on these diffene. Study of selected
problem areas which show how data from par-
ticular languages contribute to the develop-
mnot of a strong theory of universal grammar
and how such a theory dictates solutions to
traditional problems In the syntax of particular

R. S. Kyne

24.167 Introduction to Unguietic Theory at
an Advanced Level (A)
Prereq.: Permission of Instructor
0 (2)
3-0-9
Discussion of conceptual and methodological
Issues: goals of linguistic tory and Its place
in the study of thought and behavior; descrip-
v. and explanatory theories; the nature, use.

and acquistion of knowledge of language
compared with other cognitive systems; rela-
tions of form, meaning, and language use. Ex-
amination of theories of transformaional
generative grammar as they have evolved and
are now being pursued: theory of ban, trans-
formations, semantic Interpretation of formal
structures, logical form, and conditions on the
form and functioning of rules.
N. A. Chomsky

24.n Unguletle Structure (A)
Prereq.: 24.952 or 24.957
GO1)
3-0-9

Current work on topics In syntax and seman-
tics. Permission of Instructor required.
N. A. Chomsky

24.959 Workshop In Syntax and
Semantics (A)

Prereq.: Permission of Instructor
G (1)
3-0-9

An Intensive group tutorial/seminar for discus-
sion of research being conducted by partici-
pants. No auditors allowed.
R. Kayne, R. Lawon

24.900 Seminer In Semantics
(NOW)
Prereq.: 24.973
G (2)
3-0-9

This seminar Investigates the semantics of
natural language tense and Its relation to the
syntax of Inflectional (INFL) elements. Includes
tense scope, temporal anaphora and control
Interaction with temporal adverbs and modals.
R. K. Larson

24,"1 introduction to Linguellce N:
Phonology
Prereq.:-
G(1)
4-0-5
Alms and principles of a scientific description
of the phonic aspect of language. The macha
niem and acoustifc of speech. Ole1nce fee-
tures as the descriptive framework. The
phoneme. The phonemic system of a lan-
guage. The interrelations between plrnoogy
and other linguistic levels. Some problems of
historical phonelogy. Practical exerdlese. This
subject is a core offering in Cognitive Science
at MIT.
M. Ha, D. StAedd

24.962 Advanced Phonology (A)
Prereq.: 24.961
0 (2)
3-0-
Continuation of 24.961. Special emphasis on
pro-em *Ang.
M. Habl, 0. Stedade

24.964 Theory of Phonology (A)
(-evised Content)
Prere.: 24.961
G(1)
3-0-9

Review in depth of one of four major topics in
modem phonology: distinctive features (1066-
87), stress and meter (1967-68), syllable struc-
ture (19840), tone (1069-0).
D. Sedade, U. Hhfe

24.916 Morphology (A)
Prereq.: Permsolon of Instructor
0 (2) Next ofered 196748
3-0-9
Structure of the lexicon and Its function in
grammar. Propertes of word-formation rules.
Problems of selecion, productvity, composi-
tionality. Systems of innectional categories:
case, tense. Phonological aspeots of word
structure: alionorphy, cyclic phonology, con-
stituent structure, boundaries. Detailed analy-
se of languages with complex morphology.
M. Hae

24.66J Laboratory on the Physiology,
Acstics, and Perception of Speech (A)

(Same subject as 8.542J)
Prereq.: Permission of Instructor
0(1) Not to be oNfered 196748
2-2-8
See description under subject 6.542J.
. H. Klant

24.9W Speech Communiostion (A)
(Sam subject as 6.541J)
Prereq.: Permission of Instructor
G (2) Not to be ofered 198740
3-0-9
See description under subject 8.541J.
S. J. Keyser, K. N. Stevens
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24.00 Workehop In Phonology and
Morphology (A)
Prereq.: Permission of Instructor
G (1)
3-0-9
An Intensive group tutodal/semInar for discus-
slon of research being conducted by partIci-
pants. No auditors are allowed.
0. Sfedade

24.970 Introduction to Semantics
Prereq.: Permission of Instructor
G(1)
3-0-9

Basic lasues of form and meaning in formal-
lIed 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.
J. Hgginboharn

24.972 Language and Computation (A)
Prereq.: Permission of Instructor
0 (2) Next offered 198748
3-0-9
Introduction to the theory of computation, for-
mal languages, and denfnability, with special
emphasis on topics most pertinent to linguistic
research. Automata and turing machine,
phasestructure and categorical grammars, In-
ductively definable languages, undecidable
problems, basic concept of parsing and com-
plexity theory. Consult Department
headquarters.

24.973 Topics In Logic and Semantics (A)
Prereq.: Permission of Instructor
G (2)
3.0-9

Current work on semantics, and questions of
logic and meaning for syntactic systems In
generative grammar. Consult Department
headquarters.

24.979 Semantle Theory (A)
(New)
Prereq.: Permission of Instructor
G (1)
3-0-9

Seminar on current research In semantics and
generative grammar. In addition to reading
and discussion, students may present original
research. Topics may vary from yew to year,
those for 1966-67 being the syntax and se-
mantis of thematic structure, anaphora, bind-
Ing, and control.
J. Higginbotham, R. Larson

24.052 LInguietlic Change (A)

Prereq.: 24.951, 24.981
G (2)
3-0-9
Review of instances of change in phonology,
morphology, and syntax. Examples to be
drawn from various language famlles, Indo-
European, as well as others. An attempt to
develop a general theory of l1nguistic change.
W. O'Wa. D. Sowsade

24.M2 Survey of General Unguistle I
Prereq.: 24.961, 24.961
G (1)
3-0-9
Reading and discussion of certain Important
papers In syntax, semantics, and phonology
designed to famillarze the student with central
Ideaa In current linguistic research. Selection
of papers and organ Wation of discussion Is
primadily In the hands of the seminar
participants.
W O'N*el

24.003 Tutoial In Ungustlos and Rlated
Plieds (A)
Prereq.: Permlslon of Instructor
G (1,2)
Arr.
Individual or small group tutorial In which stu-
dents under the guidance of a faculty member
explore the Interrelations with linguistics of
some specified area. Consult Department
headquarters.
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Health Sciences and
Technology

some HST subieot atart th i
following Labor Day which Is bore a

folsemester oonunenoes.

Students wishing to take NT 010-1g0 must
le an appla;=on In Room 26-419.

HOT 010 Punotional Anatomy of Man (A)
Prer.: Permission of Instructor
0(1)
24010
Lectures, laboratory dissections, and demon-
etraons eelgnod to provide a thorough
grounding In the structure of the human body
and In certain of Its functions. Intended for un-
dergraduales and graduate students aspiring
to mrer In vertebrate biology (Including
physical ), bioengineering, medi-
cine, end other occupaions.
Enrolment mited.
F. A Jndne, Jr., L. Gehrke, W C. Hays,

NOT 02 Bone and Connective Tissue (A)
Prereq.: Permission of Inetructor
G ()
1-2-4

Growth and development of normal bone and
joints, the process of mineralization, the bio-
physics of bone and response to stress and
fr-lr, -gou and phosphate homeostasis
and regulaton by parathyroid hormone and -

mn 0, and the pathogenesis of metabolic
bone diseases and disease of connective tis-
sue and joints with consideration of possible
mechanisms and underlying metabolic
derangements. Meets frst half of the term.

nrolment liMted.
D. R. nobsorn, W. C. Haes, J. T. Pots, Jr.,
A L. &*Ae, C. Asdlge

HiST m Human Pathology (A)
Pe .: 6.48, 7.01, 8.01, 6.02

Introductin to the orga ,ton, structure, and
function of normal and ; pathologic

pidlaof coar M, cirou-
6 ydisordr, inj ,Infection,

- ldiord, nopa
ala, and radlati "in humans. Lectures,
1ofni"M W Wwith exanination of
microscopic and groar specimens and au-

aem tudies. Enrolment ited. Per-
of Itructr required.

H. Go Ien, A I. Asbas G. A Dkerain,
amarsbN

HOT 040 Mechanism of Microbial
Pathogeneels (A)
Prereq.: 7.01, 7.05
G(1)
341-5
Deals with the mechanisms of pathogeneeis of
fungi, bacteria, mycoplasma, and viruses. Ap-
proa polrize towards mn ms a blo-
Chemloal and Immunological levels witou
neglecting FIWOMMW and selected clinical
aspets of diseases. Topics selected for intrin-
slo Interest and cover the demonstrated spoo.
trum of pathophyslologlo mechanisms.
Enrollment limited. Permission of Instructor
required.
P. 8ohar, J. Mokkalano, Associates

HST 050 Topics In Quanitutive
Physiology (A)
Prereq.: 8.01, 8.02; 18.01
0(1)
3-0-7
Selected topics Ilustratng the use and results
of a quantttiv approah topheogis
problems, Ites d Iscuse nclude a)
ti proceesee, applied to ene mutaons,
cardiac et l trategie of drug
administraion. b) f transport of gases
In lung and iseuee, eleoiffusion of Ions
and active transport. c) Exotable ell mem-
branee, aCon potental models of the axon.
d) Homeosta'; pInOples of feedback control
systems; case studies. Weeldy problem sets.
F. M.H. VI.ar, A J. Cohen

HIT 000 Endocrinology (A)
Prereq.: 7.01, 7.05

Physiology and pathophysiology of the human
endocdne system. Pour hours of lecture each
week conem individual parts of the endocrine

s . Topis also Include assay techniques,
yiolg Integration, etc. At frequent clinic

s=pansents are presented who demon-
strals clinical problems considered In the di-
da ltures. Enrolment im'ed, permission
of Ineiuctor required,
S. H. kba, W. Keye

HOT 070 Human Reproductive Sielogy (A)
Prereq.: 7.01, 7.05
G (2)
2-4-3

such as the social and psychologloal aspects
of human sexual behavior, contraception,
umnwnted pregnt
Enrollment limitd. Permissionofnsucr
required.
H. Kiphoir, L. SchW, C. Mdebff, Assocstea

NOT 00 Hematology (A)
Prereq.: 7.05
G(2)
341-4
An Intensive survey of the biology, physiology,
and of blood the ood-

fr an systematc consideradon
of hemalopoleels, the "formed elements,"
blood 00e1u11clo, blood and

and o proteIns.
iveun discussion

ndanaly of clnnica problsms. Meets
second h of the term. Wtroliment mited.
Pemisslon al Instructor required
W. s. sk, A D. R nbrg W hurchM

HST 060 Cerdlovasouler
Pathohysloogy (A)

Prere.: 7.01 or 18.01, 16.02
o (2)
3-3-g
Normal and pathologl of the hert
and vascular system. Emphasisle
hemodynamie, alsotmphy g, g0s and
microssopic pathology, andlia orrelates
of cardiovascular function In healthy and in a
variety of disease stAse. Special atention wil
be given to congenital, rhoumago, hyperten-
sive, arterioscieroto, and coronary heart
disease. Enroment: Lcmures - open; Lebor
tory - limied. Permission of Instructor required.
W. H. AbelMbM, W. Gamble,
R. G. Mark F. J. Bohon

(A)
Pre.: 7.01 or 18.01, 18.02
o (2)
3-0-g
Same as HST 000 but without the laboratory.
W. H. Abelarn W. GamIe,
RL G. Mark, F. J. cho

MT 100 MWggliery Pathophyelology (A)
Prereq.: 7.01, 7.06, 8.01
0(2)
1-2-8

LcOtures, laboratory sesIons, and oe dicus- Lectures, esminars, and labs which cover the
lone designed to provide the student with a devlopWment of the hi, sogy and cel-

oleasr understdg of the phyielogy, endo- kilar funclion, phyof e physiology
oinology, ai pathology of human reproduc- ad gas exchange as it ress to health and
tion. In alkMkn, Oesigne1 to involve *tudent in disease. Plems of g"e
analysis of the wider aspects of reprodutdon, base balancs are revewed:

HST
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of common respiratory disorders presented.
Sessions with patients with iung disease. For
M.D. candidates and other students with back-
ground in scence. Enrollment limited. Permis-
sion of Instructor required.
D. C. Shannon, L. Ginn#, H. Kazemi, E. Mark,
C. A. Hales, J. C. Weaver

HST 110 Renal Pathophysiology (A)

Prereq.: 7.01, 7.05
G (2)
2-1-5

Topics include the normal and pathologic
functioning of the kidney. Emphasis on elec-
trolyte and water metabolism - the role of
Na+, K+, H +, and water. Included also the
pathophysiology of clinical renal disorders
such as acute and chronic glomerulonephritis,
pyelonephritis and vascular disease. Enroll-
ment limited. Permission of instructor required.
C. Coggins, H. Rennke, L. Fang,
J. V. Bonventre

HST 120 Gastroenterology (A)

Prereq.: 7.01, 7.05, 8.01
G (2)
3-8-4

Presents the anatomy, physiology, biochemis-
try, biophysics, and bloengineering of the gas-
trointestinal tract and associated pancreatic,
liver, and biliary systems. Emphasis on the
molecular and pathopysological basis of dis-
ease where known. Covers gross and micro-
scopic pathology and clinical aspects. Formal
lectures given by core faculty with some guest
lectures by local experts. Selected seminars
conducted by students with supervision by
faculty. Enrollment limited. Permission of in-
structor required.
M. C. Carey, D. Antonloll, R. H. Schapiro,
J. R. Wands, J. L. Madara

HST 130J The Human Nervous System:
The Neurosolenose I (A)
(Same subject as 9.014J, 20.51 1J)
Prereq.: Permission of Instructor
G (1)
6-3-6
Encompasses: 1) the gross anatomy, intemal
organization, and fine structure (light- and
electron-microscopic) of the mammalian ner-
vous system; 2) the neurophysiology of the
visual system and motor system;
3) neuropathology; and neuroendocrinology;
4) neuropathology; and 5) selected subjects
in pathophysiology. Includes five clinical
demonstrations.
A. M. Grayblel, M. P. Alexander, E. Bizzi,
V. Chan-Palay, M. A. Moskowitz, R. A. North,
S. Palay, T. Sabin, P. H. Schiller, H. R. Tyler,
R. S. Williams, R. J. Wurtman

HST 131 Pethophysiology of the Nervous
System (A)

Prereq.: HST 130
G (2)
4-0-

Discussion of physiological and biochemicall
mechanisms of peripheral and central nervous
systems' diseases. Lectures emphasize ad-
vances In the basic sciences as they apply to
the muscular dystrophies, myasthenla gravis,
peripheral neuropathles, 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.
M. A. Moskowitz

HST 141 Molecular Basis of Some Clinical
Disorders (A)
Prereq.: 7.05
G (1)
4-0-6

Conducied 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 the stu-
dents with tutorials and supervision by faculty.
Appropriate for students who have had a
course in biochemistry and/or molecular
biology.
P. M. Gallop, L. M. London, Associates

HST 142 Molecular and Cellular Biology
and immunology (A)

Prereq.: Permission of Instructor
G (1) Not to be offered 1987-88
4-0-8
Overview of molecular biology, cell biology,
and immunology.
H. N. Eisen, H. F. Lodish, R. C. Mulligan

HST 170 Immunology

Prereq.: 7.05
S(1)
4-0-8
A version of General Immunology 7.73 orga-
nized for HST students in the Biomedical Sci-
ences Curriculum.
H. N. Elsen

HST 190 Statistical Planning and Analysis
of Biomedical Investigations (A)_
Prereq.: Knowledge of calculus
G (J)
3-0-3
Introduces statistical logic and technique as a
basis for clinical decisions and scientific Infer-
ence. Students leam to perform alementary
statistical calculations and acquire the con-
cepts and vocabulary to read biomedical liter-
ature critically and communicate productively
with statistical professionals. Includes proba-
bility theory, normal sampling, chisquare and t-
tests, analysis of variance, linear regression,
and survival analysis. Case studies include
application to diagnostic screening, clinical
drug trials, and physiological experiments.
Emphasis on experimental studies rather than
epidemiology.
H. Feldman

HST 200 introduction to Clinical
Medicine (A)
Prereq.: Permission of Instructor
G (2)
9-25-12

-February through May, Monday, Wednesday,
Friday. Students loam 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 medi-
cine, surgery, and pediatrics In groups of two
or three students under one faculty member.
Findings reported through history taking and
oral presentations of the cases to the class.
An Intensive subject serving as prerequisite to
clinical clerkships. Enrollment limited to stu-
dents in M. D. Program.
E. Braunwald, W. H. Churchill, D. Brooks,
J. Muller, Associates

HST 201 Introduction to Clinical Medicine
and Medical Engineering I (A)
(Revised Unit)
Prereq.: HST 010, HST 030, HST 000, HST
100, HST 110, HST 130J, 7.05
o (J)
2-18-6

Required for doctoral students In MEMP pro-
gram. Students: 1) develop skill in patient
interviewing and physical examination; 2) be-
come proficient at organizing and communi-
cating clinical information In both written and
oral forms; 3) begin Integrating history, phys-
ical, and laboratory data with pathophysiologic
principles; and 4) become familiar with the
clinical decision-making process and broad
economic, ethical, and sociological Issues in-
volved in patient care. Permission of Instructor
required.
R. 0. Mark, M. Kane, C. J. Hatem, Associates

HST 202 Introduction to Clinical Medicine
and Medical Engineering If (A)
Prereq.: HST 201
G (S)
0-20-0

Strengther. 4 saidlls developed in HST 201
through a aa. clerkship in medicine at
Mount Auium Hnoopital. Students serve as full-
dme members of s, 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.
C. J. Hatem, R. 0. Mark, Associates

HST 203 Clinical Experience In Medical
Engineering and Medical Physics (A)
Prereq.: HST 201, HST 202
G (1, 2, S)
0-40-0
An individually arranged full-time three-month
directed study in a clinical environment where
active medical engineering/medical physics in-
vestigation Is in progress. Students are ac-
tively engaged in patient care, particularly
those aspects which interface closely with
technology. Students also focus on in-depth
exploration of the technical and research area.
Term paper required.
E. G. Cravalho, R. 0. Mark, Associates
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HOT 204 Phyolodl Dnosis and
Introductory Clinical Epiee (A)
Prereq.: Permission of Instructor
G (2)
3-0-3

Supplement to HST 200 for students In the
M.D. Program. Sessions devoted equally to
dermatology, ophthalmology, orthopedic sur-
gery, and otolaryngology.
W H. Churchill

HST 205 Diagnostic Mediline/Technology
Interface (A)
Prereq.: Permission of Instructor
G (J)
3-0-3

Brief Introduction to medical decision making
and to techniques for evaluation of diagnostic
tests. A few diagnostic technologies examined
in some depth to show how the strengths and
limitations of the technology impact its clinical
usefulness. Each student examines one tech-
nology in depth and presents his/her findings
to the other students. Introduces students to
the use of technology In medical decision
making. Students leam how to evaluate diag-
nostic tests, and how to Integrate the Informa-
tion from diagnostic tests with clinical data.
J. A. Parker

HOT 210 innovation and Conceptual Design
for the Solution of Technical Problems In
Clinical Medicine (A)
Prereq.: Permission of instructor
G (2)
3-0-3
Multidisciplinary approach to technical problem
solving In clinical medicine. Case-study ap-
proach based on solving real problems In
medical engineering and medical physics, with
current problems posed by physicians from
area hospitals. Problems and proposed solu-
tions presented in seminar setting for evalua-
tion. Generally, it is possible to arrange follow-
up of promising conceptual designs outside of
class, often as a research topic.
J. C. Weaver, E. G. Cravalho, H. Hechtman,
F. J. Schoen

HOT 521J Blomeical Transport
Phenomena (A)
(Same subject as 10.49J)
Prereq.: 10.301, 10.302
G (2)

See description under subject 10.49J.
C. K. Colton, M. L. Yarmush, W M. Deen

HST 530J Ultrasound: Physics, Biophysics,
and Technology (A)
(Same subject as 2.76J, 6.562J)
Proreq.: Permission of instructor
G (1) Not to be offered 100748
4-1-7

See description under subject 2.76J.
P. P. Lee, F. R. Morgenthaler

HST 131J Lasers, Microwaves, Ultraviolet,
Magnetic Pleide, end Ultrasound in
Biomedical Solenome (A)
(Same subject as 2.762J)
Prereq.: Permission of Instructor
0 (1) Next ofered 1917-011
4-1-7
See description under subject 2.762J.
P. P. Lele, Staff

HST 541J QuantitatIve Physiology: Cells
and Tissues
(Same subject as 2.791J, 6.021J)
Prereq.: 2.02 or 6.002 or 6.071; 8.02; 18.03
U (1)
4-2-6

See description under subject 6.021J.
T. F. Weiss, R. C. Lee, I. V. Yannas

HST 542J QuantItative Physiology: Organ
Transport Systems
(Same subject as 2.792J, 6.022J)
Prereq.: 2.20, HST 541 J, 2.791J, 6.013
U (1)
3-2-7

See description under subject 6.022J.
R. G. Mark, R. D. Kamm

HST 543J Quantitative Physiology: Sensory
and Motor Systems
(Same subject as 2.793J, 6.023J, 16.351J)
Prereq.: 2.02 or 6.003 or 16.30;
HST 541J
U (2)
3-2-7
See description under subject. 6.023J.
L. R. Young, R. W. Mann, L. S. Frlshkopf

HOT 544J Flelds, Foroee, and Flows:
Background for Physiology (A)
(Same subject as 6.561J)
Prereq.: Permission of Instructor
G (1)
3-0-9
See description under subject 6.561J.
A. J. Grodzinsky

HST 550J Computers and Patient Care

(Same subject as 6.523J)
Prereq.: -
G (2)
2-0-4

An overview of present and potential uses of
computers In patient care applications. Topics:
medical Information systems, Input of physi-
cian progress notes and orders, ambulatory
medical record, automated medical consulta-
tion and diagnosis, medical education and
clinical simulations, data analysis in clinical In-
vestigations. Open to undergraduates.
0. 0. Bame ft

HOT NJ ft"le and Medical
Applications of flation and
RedlolsOtopse (A)
(Same subject as 22.55J)
Prereq.: 8.272 or 22.111
G (1)
4-0-8
See description under subject 22.5J.
0. L. Brownell, Staff

HST 661J Principles of Medical Imaging (A)
(Same subject as 2.761J, 22.56J)
Prereq.: Permission of instructor
G (2)
4-0-8
See description under subject 22.56J.
0. L. Brownell, P. P. Lel, A. C. Nelson, Staff

HST 56J RadIation Biophysics (A)

(Spme subject as 22.57J)
Prereq.: 8.272 or 22.111
G (1) Next offered 1967-8
4-0-8

See description under subject 22.57J.
A. C. Nelson

HOT 570J Biomedical Instrumentation
Electronics
(Same subject as 2.781J)
Prereq.: Permission of Instructor
G (5)
66-
introduction to modem computer-based instru-
mentation through a major bloengineering lab-
oratory project in which each student develops
electronic circuits, interfaces them to a micro-
computer, and combines them to form an in-
strument. Classroom material focuses on:
electronic circuit elements, networks, signal
and system representations, logic and digital
design, elementary programming, and physio-
logical background. No background In electri-
cal engineering or programming required.
S. K. Bums, R. V. Kenyon, D. Rowell

HST 675J Bloeleotronlos Project
Laboratory
(New)

(Same subject as 6.121J)
Prereq.: 6.002 or 6.071
U (2) LAB
2-8-2

See description under subject 6.121J.
S. K. Burns, R. 0. Mark

HST 662J Biomedical Signal Proceesing (A)
(Same Subject as 16.356J, 6.555J)
P'rreq.: 8.003
G (2)
3-8-3

Fundamentals of digital signal processing of
particular relevance to problems in biomedical
research and clinical medicine. Basic princi-
ples and algorithms for data acquisition and
display, filtering and feature extraction. Labo-
ratory projects provide practical experience in
processing physiologic data, with examples
from neurophyslology, cardiology, and speech-
processing.
B. Degutte, W. M. Slebert, R. V. Kenyon,
J. M. Telch
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P"req.: Permission of instructor
G (2)
3-0-12
Introduction to basic NMR theory including a
quantum mechanical description of the NMR
experiment. Examples of biochemical data ob-
tained using NMA summarized along with
other related experiments. Detailed study of
NMR Imaging techniques includes discussions
of basic orose-sectional Image reconstruction,

aeconta flow and real-time im Ing,
design considerations.

sure to laboratory NMR spectroscopio and Im-
aging quipment included.
a. Row, 8. L. Tan

mT SJ Bomedical Measurements (A)
(New)
(Same subject a, 6.566J)
Prereq.: Permission of Instructor
G(1)
3-3-8
Fundamental principles of measurements.
Transducers and instrumentation interfaced to
biological systems in medicine, research, and
biotechnology. Principles Illustrated using ther-
mal, octrica, chemloal,and mechanical mea-
surements. Projlect-oriented laboratory
provides praotical exposure to medical engi-
neering concepts, and methods for computer-
based acquisition and Interpretation of Infor-
mation obtained via measurements on biologi-
cal systems. Some beckground in electronics
and Nf sciences is asured.
J. C. Weave, D. J. Edell, R. 8. Newbower

'T NO Slomedical Engineering Seminar
Prerq.' -
G (1, 2)
1-0-0
Weeldy seminar describing recent research in
biomedical engineering, medical physics, and
related areas of interest to graduate students
with backgrounds in the physical sciences and

. Speakers include faculty and re-
e"arWhfrom MIT and other Institutions in

the Boston area, advanced graduate students,
and ocoakmai vibtors.
0. J. Edv#

NIT I1 Siomedioal Engineering Research
swlm
Prereq.:.-
G(1,2)
2-0-0

Development of professional spealdng sidls In
the communication of resarch progrees. Stu-
dents present thirf research, emphasiing
clear statmnt of te gos, significance, and
ourent s"Aus of their work. Confidential, writ-
ten feabk gi by each member of the
audien. of al sudents affilated
with the HIT Engineering Center.
J. C. Weaver

Prer"q.: -
0(1,2)
2-0-0

Hospital-based tutorial for medical engineer-
ing/medical physics doctoral students. Small
group sessions to examine stale-of-the-art ap-
plications of technology to patent care; to ex-
plore sotve research programs with major
biomedical engineering content; and to dis-
OusS the economic, social, and ethical Impioa-
tions of technology In health care,
R. G. Mak

HIT M0 Speolal Topics in Medical
Engineering and Medical Physlas
Prereq.: -
U (1, 2, 8)
Arr.

For undergraduates desiring to carry on sub-
stantial projects of their own choosing in Med-
cal Engineering or Medical Physics. Work may
be of experimental, theoretical, or design
nature. Coordinator:
E. G. Cravalho

HT W0 Speolal Topics In Medical
Engineering and Medical Physics (A)
Prereq.: Permission of Instructor
0(1,2,8)
Arr.

Assigned reading and special problems or re-
search on special topics, either theoretical, ex-
perimental, or clinical. Arranged on indivdual
basis with instructor. Coordinator:
E. G. Craveiho

HT 900 Topics in t, Economics of Health
Care (A)
Prereq.: -
G (J)
2-0-4

introduction to some of the problems in the re-
source allocation of the health care sector.
Brief Introduction to economic theory. Topics:
rising health costs, national health insurance,
cost-benet analysis and optimization, regula-
tion and the structure of the Industry (central.
Ization vs decentrazatdon), technology
assessment, and planning cino trials. Em-
phasis more on posi the important ques-
tions and examining methods of
analysis rather than arriving at dennitve
answers.
A Defeky

HIT 901J Health Economis
(Same subject as 14.21J)
P"e. 14.01
U (1) HASS
3-0.
See description under subject 14.21J.
J. E. Hanfis

H'T CN curent Economie and fegulatoy
Problems In Toxicology
(Ns)

.: Permisslon of instructor
G (1) Nmofter 1067.
3-0-9
Examination of tools available to economists
and toxIcologIsts for decision maldng in a reg-
ulatory environment. Case method used with
lectures on topics such as multistage carcino-
ge- 0, diet and cancer, carcdnogenesis and
mutagenesis testing, some aspects of FDA
and EPA regulatory law, extrapolation of test
results, decision maldng, and risk assessment.
J. E. Hanf

H#T 903,1 Health oonomics Seminar (A)
(Same subject as 14.286J)
Prereq.: 14.04
o (2) Next ofered 1987-8
3-0-9

See description under subject 14.286J.
J. E. Harris

HT UR Underaduate Research in Health
Soans a wi oh*nolog

U (1, 2, 8)
Arr.
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 facu of the
Harvard-MIT Division of Health and
Technology, and may continue over several
terms. Registration requlres submission of a
written proposal, gned by the faculty sueA-
ser. A summary report must be submitted at
th end of each term.
E.G. CrAWvto

MCI2000



Special Programs

Project Interphase

sP 100 Special Summer Program
(Palc interpins)
Prereq.:-
U (a)
Anr.
A program Intended to assist freshmen from
underrepreeented minority groups in
deyslo and sharpenig tMir knowledge of
and faelty wth those quantatie ek"l and
verl concepts that are essendal for
suosseful academic performance at MIT.
Classes are held in four academic areas:
chd Wy, humannie, rathemudios, and
physics. Staf include MIT faculty members
and graduate students; they are assisted by
graduate and undergraduate tutors who are
interested and comitted to te succes of
the program. An introduoon to UniveMsty
resources and academic programs and
services for freshmen Is also offered. Credit
aranged with an 18-unit maimum.
A. Dayfoon

Experimental Study Group

sP 211 N0 (ExperImental Study Group)
Prreq.: -
U (1)
Art.

SP 212 10 (Exrimentsl Study Group)
Pnhreq.:
u (2)
A".
A flidbie academic program for freshmen in
mathemats, humanites and social somnoes,
physlos, and chemilry. Credit avalable for
General Instiute Requlrements as wel as-paa educational Inteests through tutorials,
seminare, and independent prole"ts. SubjeOt
may also be taken inhe regular ouriulum In

wnh work done ESQ. Staff In-
MIT bfauy,1netruolom graduate stu-

dents, and tutors who are
intwested in ta ing Ina ema, Informal
Jommunity.
J. K VandWwr

SP 21 m (permental Sudy Group)
Prsreq.: SP 211 and/or SP 212
U (1)
Arr.

sP 222 M (Epermental Study Group)
Praq.: SP 211 and/or SP 212
U (2)
Arr.
Conlnualon of ESG for sophomores.
J. K Vandtwr

SP 231 M50 Undergraduate Teaching
rereq.: SP 211 and/or 8 21U

y (1)
Arr.

SP 232 ISO Undergraduate Teaching
Prereq.: SP 211 and/or SP 212
U (2)
An.
An opportunity to tutor students, run study
groups, and tead seminars In pnsadne,
physics, chenusby, and humadnite and social
seces In ESG under staff supervision. Per-
mission of appropriate ESG staff member
wreqird.
J. K Vaniw

SP -SP200 ES0 Spolsi Topice
(NO)"
Prereq.: -

U (1, 2)
An-.
Independent study for ESO undergraduates
Interested in pursuing experimental projects or
resech of er own vooe .COe spervi-
sion and reguar mOeings wi supplement in-
dvdual work Written proposals and written
final reports are also reqired. Permission of
the instructor Is neoesry.
J. K. Vandvsr

Concourse Program

sP 311 Conoeurse Program
Prore.: -
U (1)

SP 312 Conoeures Program
Pror".:-
U (2)Arn.
An integratve program for the freshman year.
Staf IOludes facuty from # Sohools of S81.
ense, -n--e, and Hurnanit and Social
Siene. redsI Concours fuli the Gen-
eral instute Requirements and ae so
recorded.
J. . Lewyin

integrated Studies Program

SP 361 Integrated Studies Program
Prereq:-
U (1)
A".
SP 352 Integrated Studies Program
Preq.: -
U (2)
Ar.
A coordinated program for the freshman year
which satliNes the General Institute Requte-

ntn in physics,hmtryology, and
mathematcs and two Humanities A

bsot;Staff include facuty frm te
Schools of Science and Engineedng and from
# Program in Science, Technology, and
Society.

Women's Studios Program

sP dM1 InIreduleOn o Women Studie
Prerq.: -
U (1) HUM-D
3-0

An intergisinary s*ject whih draws on t-
eraiure, history, psccoyphlosophy, Wn-
thropology, and eMe to: 1) examine
our cultural assumpions about gender, 2)
trace the effects of the now cholarship on tra-
diCIonal dislp!ne, 3) increase awareness of
the history and experience of women as half
the wrdspolain
I. doh Couar

U

eP
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SP 402J Problems In Cultural
Interpretation: Feminist Literary Criticism
(Nlew)
(Same subject as 21.177J)
U (2)
3-0-9
See description under 21.177J.
R. Perry

SP 404 Spocial Topics In Women's Studies
(New)
Prereq.: Permission of Instructor
U (1, 2)
3-0-6

SP 406 Special Toplos In Women's Studies
(New)
Prereq.: Permission of Instructor
G (1)
3-6
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
approval.
R. Perry

OP 410J Feminist Philosophy

(Same subject as 24.121J)
Prereq.: Permission of Instructor
U (2) Next offered 1967-66
3-0"
See description under subject 24.121J.
C. Whilbeck

SP 420J American Women's History

(Same subject as 21.416J)
Prereq.: -
U (2) HUM-D
3-0-6
See description under subject 21.416J.
S. J. Deutech

SP 431J New Women's Voloes
(Same subject as 21.299J)
Prereq.: -
U (1) Not to be ofered 1967-68
3-0-6

See description under subject 21.299J.
M. Resnick

OP 432J Sex Roles In Fiction: Europe and
Latin America
(Same subject as 21.297J)
Prereq.: -
U (1) HUM-D Next ofered 1987-8
3-0-9

See description under subject 21.297J.
E. Waldstein

SP 434J Courtship Themes In Romance
Literature
(Same subject as 21.300J)
Prereq.: -
U (1) HUM-D Next offred 1987-66
3-0-6

See desoription under subject 21.300J.
M. Reenick

SP 436J Women In Literature
(New)

(Same subjects as 21.041J)
Prereq.: One subject In literatur
U (2)
3-0-6

See description under subject 21.041J.
A. Lang

SP 45J Sex Roles: A Comparative
Perspective
(Same subject as 21.531J)
Prereq.: -
U (1)
3-0-9

See description under subject 21.531J.
Staff

SP 466J The Contemporary Family
(Same subject as 21.530J)
Prereq.: -
U (1) HUM-D Next offered 1987-88
3-0-6

See description under subject 21.530J.
J. E. Jackson

SP 460J Psychology of Gender

(Same subject as 9.75J)
Prereq.: -
U (2) Next offered 1987-68
3-0-6

SP 461J Psychology of Gender
(Same subject as 9.751J)
Prereq.: Permission of Instructor
G (2) Next offered 1987-68
3-0-6

See description under subject 9.751J.
S. E. Carey

SP 474J Virgin, Harlot, Hysteric:
Visual Imagery of Women In
19th Century Culture
(New)
(Same subject as 4.644J)
Prereq.: -
U (2)
3-0-6

See desc ntion under subject 4.644J.
A. Wagner

SP 460J Women and Computers
(Same subject as STS 634J)
Prereq.: -
U (2) Next offered 1967-68
3-0-6

See description under subject STS 634J.
S. R. Turkle

SP 42J Gender and Science
(Same subject as STS 450J)
Prereq.: -
U (1)
3-0-8

SP 463W Gende and Science
(Same subject as STS 451J)
Prereq.: Permission of Instructor
G (1)
3-0-6

See description under subject STS 451J.
E. F. Keher

SP 484J Reproductive Biology
(Same Subject as 7.55J)
Prereq.: -
U (2) HASS
3-0-

See subject description under 7.55J.
N. Hopkins

See also: R. Goldberg's section of 21.003
(Introduction to FIltion: Women's Filtion,
HUM-D); and R. Becker's ection of 21.75K
(Writing and Reading Short Stories).
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Solence, Technology,
and Society

General Subjects

TS UN Undergraduate Research
Preneq.: -
U (1, 2)
Arr.
Undergraduate research nities in the
STS Program. For further nformation consult
the Departmental Coordinator: P. Buck.

M1 10 The DvlpetOf Science and
Tec1noohgin 18th Centuries

Prereq.: -
U (1) HUM-D
3-4
History of early development of science and
technology, emphasizing their mutual interac-
tion and their role In the Intellectual and social
hir of Western Europe up to the Industrial
Revowtin. Focuses on maor figures such a
Oaleo, Bacon, Descartes, Newton, and on

oa N technical innovations such as
clocks, watches, water wheels, textile machin-
ery, steam engines, and the reasons for con-
sequence of their widespread use. Open only
to freshme enrolled in the Integrated Studies

L. , M. R. &m, P. Buck

STS 102 Isence, Technology, and Scial
Chap
(571 100)
Prereq.: -
U (2) HUM-D
3--
An introductory subject designed to help engil-
nearn and sOence students think eystemati-
Cally about the intellectual, moral, and social
issue raied by the rapid growth of solence
and technology in the 20th century. Case
Atude drawn from ourrent and past x-.
ence are used to examine the ways in which
cultural, economic, and technical elements In
partlr situatdons have shaped opportunitie
for social chole . Open only to freshmen en-
rolled in the integrated Studies Program.
L. Tng, M. R. Smt, P. Buck

WT5110 special Topics in Solence,
Technology, and Solety
Prereq.: -
U (1)
Arr.
TS 111 special Topls In Scee,

Technology, and Society
Prereq.: -
U (2)
Arr.
For studente who wish to pursue special stud.
lee or projects with a member of the Program
In Science, Technology, and Sooloty.
P. Buck

T 120 Advanced Topios in Solence,
Tecolokgy, and Societ
Prereq.: -
G(1)
Arr.
MT 121 Advanced Topies In Scien'e,

Technology, and Sociey
Prereq.: -
G (2)
Arr.
For students who wish to pursue special stud-
No. or projects at en advanced WMve with a
member of the Program in Science, Technol-

and Society.

5M 10J Readi Seminar in Humanilde,
SOlence, and TOog Iy
(Same subject a 21.901J)
Prereq.: -
u (1)
2-0-7
5iT ISIJ esdig Seminar In Humanities,
Slence, and T nology I1
(Same subject as 21.g02J)
Prereq.: -
U (2)
2-0-7
Reading and di1cussion of major primary and
secondary works which Illustrat or examine
the Interactions of science, technology, and
Soty

SO 132J Project Seminar on the Contet
of Rsear0h
(Same subject as 21.903J)
Prereq.: -
U (1, 2)
3-0
Students draw upon their Individual experience
In a laboratory projec, UROP project, or sum-
mar job to discuss broader aspects of eden-
t30 researh or technical development (for
example, how a new tool changes the way a
phenomenon Is anaed, or how field experi-
ence with an engineering ystem motivates Its
Improvement). A few Mseuse are discussed by
the whole group, and students apply the
knowledge so acquired to interpret their
experience.
L. T.'ilng

The Social and Historical Study
of Science and Technology

TS 20 The Slenn Revolution
prowe.: -
U (1) HUM-D Next ofered 197-45
3-0-9

The Solentiio Revolution and t later conse-
quence during the Enlgnment. Origins of
aclent thought In the Whe.Emergence of
science as a new intsliectual and social force
in the late 1th and 17th centuries. Pocuese
on major solentate such as Copenlus, Kep-
ar, ". G00o, and Newton, and
phere s Bacon, Descartes, and
K. R. Mannlag

5T5 201 History of 1th- and 20th-Centuiy
science
P"ereq.: -
U (2) HUM-D Not to be offered 1W78
3-0.9
S~u of the growth of the physical and bio-

salegnose since the and of the Enigt-
enment. Emphasis on concepts anidIde

met of modem Westem culture. Includes-
cosmology, mathematical rigor, alomlam, fild
theory, quantum theory, reaM ty, evolution,
genetce.
L. L. BulaireN

8TS
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VTS 202 Seminar in the History of Science
and Technolog
Prereq.: -
G (1) Next oftred 135748
3-0-9

intensive reading and analysis of key works in
the history and historiography of science and
technology. Alms at exploring similarities and
differences between the two fields and at In-
troducing students to basic Interpretive issues,
bibliographic sources, and professional stan-
dards. Topics change from year to year.
L. R. Graham, R. Smith, P. Buck

STS 203 Seminar In the Social Study of
Science and Technology
Prereq.: -
G (2)
3-0-9

Intensive reading and analysis of key works in
the theory and methods of the social study of
science and technology. Alms at understand-
ing the different questions and methods social
scientists have posed and used In exploring
how social context and norms Influence the
work of scientists and engineers. The relation-
ship of the methods used to the questions
raised is studied. Implications for the practice
of science and engineering as well as for fur-
ther scholarly study of that practice are
explored.
S. R. Turkle, L. L. Bucclareill

MT5 205J Nature of Scientific Knowledge
(Same subject as 24.05J)
Prereq.: -

U (2) HUM-D
3-0-6

See description under subject 24.05J.
T. S. Kuhn

STS 206 Social and Political Implications of
Science
Prereq.: -
U (1) Next ofered 1967-66
2-0-7

STS 207J Social and Political ImpilcatIons
of Science
(Same subject as 17.336J)
Prsreq.: Permission of instructor
0 (1) Next ofred 1917-411
2-0-10

Historical and contemporary studies of the In-
teraction of science with social and political
values. Examination of use of scientific theo-
ries and findings to support concluslons about
the proper organization of society and politics.
Emphasis on how scientists have viewed the
relationship-of their scientific work to moral
and ethical issues. Graduate students are ex-
pected to write a major research paper.
P. Buck

STS 210 American Science Since the 190f
Prereq.: -
U (2) HUM-D
3-0-6

History of science and technology In the US
from the 1930s Depression, through World
War 1i, to the 1980s. Includes: atomic bomb
project, space race, computer revolution, envi-
ronmental movement, biotechnology. Focus on
pattems of funding, Intemational links, govem-
ment-Industry-academic relations, public un-
derstanding, response of the scientific
community to new social responsibilities. Is-
sues studied In relation to relevant social, eco-
nomic, and political developments during the
period.
C. Weiner

STS 211 Russian Science and Society
Prereq.: -
U (2)
3-0-6

STS 212J Russian Science and Society
(Same subject as 17.614J)
Prereq.: -
3 (2)
3-0-9
An Introduction to the history of Russian and
Soviet science. Topics: Introduction of West-
ern science to Russia, reception of Darwinism,
Influence of Marxism on Soviet scientific de-
velopment, social and political context of So-
viet science, role of dissidents In Soviet
scientific life, and organizational and policy
questions. Required readings In English; sup-
plementary readings In Russian also available.
Graduate students are expected to write a
major research paper.
L. R. Graham

STS 220 History of Modem Mathematics

Prereq.: 18.02
U (2) Next offere 1367-66
3-0-9

Development of algebra In the 16th century
and of the calculus of Newton and Leibnlz.
Traces applications of calculus In the work of
18th-century mathematicians such as Euler,
Lagrange, and Laplace. The rigorization of
analysis by Cauchy, Solzano, Dedekind, and
Welerstrass In the 19th century. Rise of ab-
stract algebra, emergence of complex analy-
sa, and development of set theory.
K. R. Manning

STh 223J Ancient Cosmology
(Same subject as 21.930J)
Prreq.: -
U (2) HUM-D
3-0-6

See description under subject 21.930J.
H. A. T. 0. Reiche

TS 224J RIse of Scientific Cosmology:
Arietotle to Newton
(Same subject as 24.272J)
Prereq.: -
U (2) Next offered 1967-66
3-0-9

See description under subject 24.272J.
T. S. Kuhn

STS 231J Cros-Cuftural Studies of
Solentific and Technological institutions
(Same subject as 21.536J)
Prsreq.: -
U (1) Next offered 1967-N

Analyzes several studies of laboratories and
research groups around the world to investi-
gate how culture Impinges upon scientific ac-
tivity. Evaluates key terms In the study of
science and technology for their cultural as-
sumptions by using those terms to explicate
these laboratory studies. Discusses the design
of ethnographic studies of scientific and tech-
nological laboratodes.
S. Traweek

STS 241J Autobiography In Solence and
Engineering
(Same subject as 21.533J)
Prereq.: -
U (1) Next offered 1987-68
3-0-6

See description under subject 21.533J.
S. Traweek

STS 300 History of Technology In
America 1: 1787-1876

Prereq.: -
U (1) HUM-D
3-0-6
A study of America's rural, agrarian, and arts-
anal society from 1787 to the Centennial Exhi-
bition of 1876. Examines the emergence of
Industrial capitalism within this setting: the rise
of the factory system, machinofacture, and
new forms of power, transport, and communi-
cation. Views technology as part of the larger
culture and reveals Innovation as a process
consisting of a range of possibilities which are
chosen or rejected according to social criteria
of the time.
M. R. Smith

STS 301 History of Technology in
America Ii: 1676-the Present
Prsreq.: -
U (2) HUM-D
3-0-8
The second part of a two-term survey; has the
same themes and aims as STS 300. Focus on
the maturation of industrial capitalism after
1876 with the emergence of large industrial
corporations, national and intemational mar-
kets, and the hallmarks of science-based
Industry: professional engineers, organized re-
search, and significant institutional Integration
among schools, laboratories, and workshops.
M. R. Smith
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STS 30 The SoM0al and Poltlo"
implluations of Technology
Prereq.: -
U (2)
2-0-7

STS 07 The Social and Poitloal
mpilostlone of Technology

Prereq.: -
G (2)
2-0-10

Examines the social and polltical Implications
of technology. Historical and contemporary
studies are used to explore the Interaction of
technology with social and political values.
Emphasis on how technological devices,
structures, and systems Influence the organi-
zation of society and the behavior of its mem-
bers. Examples drawn from the technologies
of war, transportation, communication, produc-
tion, and reproduction. Graduate students are
expected to write a major research paper.
L. R. Graham, P. Buck

TS 310J Industrialization and Cultural
Change in 19th-Century America
(Same subject as 21.433J)
Prereq.: -
U (2)
3-0-6

A comparative study of six communities as-
sessing the social dislocations and adjust-
ments of an Industrializing economy. The work
ethic, craft customs, kinship ties, business atti-
tudes, political Ideologies, social institutions,
and the growing speed and scale of mecha-
nized production are among the factors
treated. Goal Is to understand why some com-
munides entered the Industrial age more easily
than others. Students submit thematic essays
addressing various aspects of Industrialization
and culture change.
M. R. Smith

Th 315J The industrial Revolution: A
Social and Cultural History (1750-1850)

(Same subject as 21.371J)
Prereq.: -
U (2)
3-04-6

See description under subject 21.371 J.
B. Mazsh

STS 320 Arms, Power, and the Engineer

Prraq.: -
U (1) HUM-D
3-0-
Examines cultural, social, and technical factors
which underle exercise of political power. De-
scribes how consequences of technical
progress and the resulting new outlook trans-
formed selection, style, and goals of the
power-elte in England, France, China, and
Japan, and how a more effective military tech-
nology affected views on war-making and the
reach of the state.
L. Tilng

9Th 321 Mity Enterpiee and
Technological Chag: Historloal
Perspectives on the American Experience
Prereq.: -
U (1) HUM-D Next offered 1967-116
34-0-6

A history of the role of the military in promot-
ing and developing new technology (from
medieval times to the present). Examines the
design, deployment, and diffusion of new tech-
nologies; the behavioral/social problems that
arose with their introduction; and their influ-
once on industrialization, colonialism, and
warfare in the modem world.
M. R. Smith

STS 400J The Archaeology of Technology

(Same subject as 21.541J)
Prreq -
U (1) Next offered 196746
3-0-6

See description under subject 21.541 J.
H. N. Lechtman

STS 406 The Sociology of Solence
Prereq.: -
U (2) Next offered 196748
3-0-6

An introduction and overview of the sociology
of science, with special emphasis on the
range of theoretical and methodological per-
spectives in the field, on the sociology of sd-

poses of mind, and on the social controversies
around sciences that are experienced as
"subversive" of widely shared, "everyday"
ways of looking at the world, including artificial
Intelligence and psychoanalysis.
S. R. Turkle

STS 408 Biotechnology and Society
Prereq.: -
U (1) Next offered 196748
2-0-7

9T 400 Biotechnology and Society
Prereq.: -
G (1) Next oflered 196748
2-0-7

Examines the rapid growth of blotechnology;
focuses on relation of academic scientists and
universities to Industrial and medical applica-
dons of research. Connects historical back-
ground with contemporary issues to view
biotechnology in context of university educa-
tion and research, funding of science, aca-
demicndustral links, regulatory issues, roles
and responsiblities of scientists, and public
expectations and perceptions. Evaluates
professional, Institutional and public policy
alteratives.
C. Welner, M. L. Gefter

STS 410 Ethul louise in olence and
Engineering
Prereq.: -
U (2)
3-6

Ethical problems of scientists and engIneers
as students, employees, consultants, and ad-
visors. Case studies of on-the-job ethical
dilemmas and responses of technical profes-
sIonals In such fileds as weapons technology,
nuclear energy, genetic engineering, chemical
engineering, computer science, end biomedi-
cine. Issues Include social responsiblity, con-
flicts of Interest, whistleblowing, and the role of
professional societies. Emphasis on class die-
cusslon. Student projects in fields of their
Interest.
C. Wner

STS 413J Public Controverese on the
Control of Technology
(Same subject as 8.206J)
Prere.: -
U (2) Next offered 1967-8
2-0-7

Role of scientists and engineers in anticipating
and controlling negative effects of technology.
Presentations by Individuals who have played
major roles In such lasues. Historical and cur-
rent cases studied through readings, discus-
slons, lectures, and student reports. Topics:
alternatives to the nuclear arms race; environ-
mental and health hazards; opportunities for
Involvement and alternative career
possibilities.
C. Welner, B. T. Feld

ST 430J Engineering Design In Social
Context
(Same subject as 2.733J)
Prereq.: -
U (2) Next offered 196748
3-0-6

Examines Issues about social values that arie
in engineering design. Who Influences and
what constrains the design process? What Is
the engineers role In that process? What are
the social Implications of design alternatives?
Beginning with a study of the design of photo-
voltaic solar energy systems, the class consid-
era design as an aspect of modem social
history, the limIts of scientific knowledge In do-
cislon making about design, and ethics in the
design process.
L. L. Suocisrllel

STS 440J Applied Social Reeearoh, Publo
Policy, and the Social Solences

(Same subject as 17.818J)
Preeq.: -
G (1) Next offered 1987-6
3-0-9

See description under subject 17.818J.
P. Buck
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MS 48J Gender end Iance
Same subject SP 48J)

U (1)

8TS 461J Gender and SClenoc
(Sam subject as V 483J)
PMq.: Permission of Instructor
G(1)
'-0

Surveys the Influence of gender ideology on
the development of modem science; espe-
ly, it efects on prevailing conceptions of

objectivity, the goals of science, and the place
of women In science. Explores Implications for
o-nemporary scientific practies, methodolo-

des research agendas.
.F.Kollar

SM 400J Special Toplee; In Science,
Technology, and Public Policy (A)
(Ne
(Same subject as 17.306J)
Prereq.: Permission of instructor
GO1)
3-0-
See description under subject 17.306J.
E. B. Skolnikoff, H. Sapolsky, C. Kaysen,
P. Buck

Technology and the Organization
of industrial Societies

STm 500 Modern ime
(Same subject as 21.534J)
Prereq.: -
U (2)
3-0-
See description under subject 21.534J.
J. W)"e

M 02 The Profselon of Engineering
Prereq.: -
U (2) HUM-D
3-0-
Practice and dilemmas of the engineering
profession. Analyzes the role of engineers in
the conception, design, manufacture, and mar-
keting of a sophisticated consumer product.
Studies the history of some major industries
(e.g., automobile, communications, bIomedical,
serospace) In 20th-century US. Examines po-
Utical, economic, social, and ethical ImpHoa-

tione. May be taken as 9-unit HUM-D subject
(lectures, recitations, three full term papers) or
as undergradote seminar (lectures and three
short papers).
L. Triling

PTS 510J Politics of industrialization (A)
(Same subject a 17.154J)
Prereq.: Permission of Instructor
G0(1)
3-0-9
See description under subject 17.154J.
C. F. Sabel

TS 611 Capa-l and e Cri"ice
Prereq.:-
U (2) HUM-D
3-+M
The social context and consequences of in-
dustrialization and the development of the
market economy. The virtues and shortoom-
Ings of the market economy as seen by its ex-
ponents and critics, examined in the light of Its
historical development Early and ae Indus-
trializing societies compared. Interrelations of
market oapitslism, technological change, and
poltical evolution,
C. Kaysen

ST 512J Comparative Systems of
industrial Relstione and Human Resource
Development (A)

(Same subject as 14.674J, 15.674J)
Prereq.: 14.64 or 15.663
G (1)
3-4
See description under subject 15.674J.
M. J. PI"t

ST 666 Nuclear War: Threat and
Avoidance
Prereq.: -
U (2) HASS
3-0-6
Engineering School-Wide Elective Subject.
Deecripton give&e at end of this chapter on
SWE page.
R. K. Lester, P. Morrison, 0. W. Rathjer,
E. Rothschild, J. P. Ruina

STS 675J Problems of Advanced Industrial
Socletlee (A)
(Same subject as 17.166J)
Prereq.: 17.156J
G (2)
3-0-9
See description under subject 17.166J.
S. Berper, M. J. Plore

Cultural Dimensions of Science
and Technology

STl 00 Technolgcalk Socety and Its
Crities
PrReq. -
U (1) HUM-D
3-0-4
The emergence of industrial-technologloal so-
clety has provoked strong critcal reactions
that affirm the value of a more "natural," sim-
ple, emotionally direct and reverential relation-
ship to the environment. These altemative
visions are examined In two periods In Amer-
lea: 1) the mid-19th century, and 2) the 1960s.
Focuses on the usefulness of these vislons as
criticism of (or possible alternatives to) the
complexity of advanced Industrial society.
K. Kenlan, L Marx

STS 601J iiterature, ideology, and National
Experience In the US
(Same subject as 21.103J)
Prereq.: -
U (2) HUM-D
3-0-6
Study of the interplay among imaginave lier-
ature, the prevailing Ideologies, and collective
experience in the US, emphasIzing critical
reading within an historical context. Readings
chiefly drawn from classic American writers of
the 19th century, but works from earlier and
later periods included: F. Scott Fitzgerald,
Franklin, Jefferson, Emerson, Tocqueville,
Thoreau, Whitman, Hawthorne, Melville, Max
Weber, and D. H. Lawrence.
L. Marx

STS 602 Perspectives on Technology
Prereq.: -
U (2) HUM-D
3-0-

A discussion of the centrality of the machine
as fact and metaphor, emphasizing its place In
theories of technology and society. Reveals
how technological power is central to modem
thought and policy. Readings include the work
of Adam Smith, Thomas Carlyle, Karl Marx,
Charles Dickens, Frank Norris, Lewis
Mumford, and Jacques Ellul.
L. Mar, M. R. Smith

ST 603 Introductlon to Cultural Critlolem
Prereq.: Permission of instructor
U (2)
2-0-7

S 604 Introduction to Cultural Criticism
Prereq: Permission of instructor
G (2)
2-0-7

Examines modem concept of culture as it
emerged during the Industrial Revolution, and
considers some of the theories and methods
of analysis that have been developed around
that concept. Among the basic theories con-
sidered are those associated with Marx, Emer-
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son, Anol, and Freud. Second half examines
more recent elaborations of the culture con-
cept In the work of such theorists as Panofsky,
Burke, Benjamin, Marcuse, Foucault. Gradu-
ate students pursue topics In greater depth.
L. Marx

ITS 62J American Televialon: A Cultural

(Same subject as 21.032J)
Prersq.: One subject in Literature or Science,
Technology, and Society
U (2)
3-04

See description under subject 21.032J.
D. Thorbum

STS 626J Camra and Culture
(Same subject as 21.535J)
Prereq.: -
U (2) Next ofered 197-6
3-0-
How photographs come to be produced and
read as documentary evidence in science,
law, history, anthropology, and families; how
photographs and photographic technology
shape and are shaped by the cultures in
which they are used as a case study In the re-
lations between technology and culture.
S. Traweek

ITS 630 Technology and the Individual

Prereq.: -
U (2) Next offred 198748
3-0-

How do Interactions with technologies and
technological systems affect individuais? How
do people use technologies for purposes not
anticipated by their inventors? Examines the
noninstrumental or unintended human effects
and uses of technologies through three case
studies: computers and intensive users, engi-
nearing systems and engineering students,
"automated" tools and workers. These cases
are used to examine critically theories of
"technological man," "technological society,"
and the effects of technology."
K. Kenleiton, S. R. Tudde

STS 631 Computers and People
Prersq.: -
U (1) Next onered 1967468
3-3-6
Aspects of the computer presence in our soci-
ety in the context of larger issues in the soci-
ology of science. Three perspectives on
computer impacts examined: 1)Computer im-
pact on large social processes; 2)Computer
impact on the Individual; 3)Computer Impact
on sciences of mind and Images of humanity.
Projects Include fieldwork studies at MIT and
elsewhere to document and analyze different
computer "subcultures."
S. R. Turlde

STO 632 Computer Cultures, Computanmn,
and the Individual (A)

Prereq.: Permission of Instructor
G (1) Next ofred 1967-86
3-346
The computer presence as it affects the Indi-
v4dual and contemporary culture. Subcultures
of the computer world, computational theories
of mind, computer metaphors In the culture,
and relatinships between people, machines,
and programming. Emphasizes ethnographic
and Individual case study approaches. Each
student must undertake a supervised research
project,
S. R. Turlde

STS 633J Perspectves on Computers and
So@iety (A)

(Same subject as 6.88W)
Prereq.: Permission of Instructor
G (1)
3-0-9

See description under subject 6.880J.
J. Welzenbaum

STS 634J Women and Computers
(Same subject as SP 48W)
Prereq.: -
U (2) Next offered 1967-68
3-046
An exploration of factors that may limit or in-
hibit women's participation in the nascent
computer culture. Includes: math-phobia and
machine-phobia, programming styles, person-
ality styles and gender, social and psychologi-
cal effects of office automation and computer
home-work."
S. R. Turkle, J. Horwftr

STS 635 The Social Study of
Computational Environments'
Within Universities I (A)
(New)
Prereq.: -
G (1)
Aff.
Introduction to a two-semester sequence on
the social study of high-density computational
environments within university settings. PrI-
marily designed for researchers who are mak-
ing the study of some aspect of Project
Athena the focus of their research. This semi-
nar focuses on study and discussion of Project
Athena on MIT as a living and learning
enviroment.
S. R. Turkle

STS 36 The Social Study of
Computational
Environments within Universities 11 (A)
(New)

Prereq.: -
G (2)
Arr.

Advanced topics on the social study of high-
density computational environments within uni-
versity settings. Permission of Instructor re-
quired for students without STS 635
background. Topics covered depend some-
what on the background and research Interest
of students enrolled.
S. R. Turkle
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SWE Engineering School-Wide
Electives

Undergraduate Subjects Graduate Subjects

Compuler Models of Physical and
En"-n S ostem
Offered under: 1.12, 2.101, 3.05, 10.11, 13.51,
16,006, 22.006
Prq.: 18.02, 8.01
U (2) 80
3-04
Reduction of physical and engineering eye-
tems to ideaNzed computer models; selection
of numerical algorithms to explore model be-
havior. Unear and nonlinear equations, curve
Uitng, integration, finite differences, fnite ele-
ments, itial value problems. Examples drawn
from felds primarily of interest to engineers.
Extensive "hande-on" exppuding .
Woddng knowledge of "O R , PASCAL or

Nuclear War: Thret and Avoidance
Offered under: 6.034, 8.206,13.91, 16.994.
17.465,22.003, STS 58
Prereq.: -
U (2) HASS
3-0-
The science, technology, politics, and strategic
concepts relating to nuclear weapons and
weapons systems. Nuclear weapons prolfera-
tion. The nuclear arms race. Successes and
failures In nuclear arms control. New miiary
technology and prospects for the future.
A K Leit, P. Monfion, G. W Ra#ne.,
E. RodscI, J. P. Runaw

itroduulln to Teehnelogy and Law
Offered under: 1.165, 2.906,13.97, 16.792
22.005

U (1)
3-0-9

Basic princples and functions of law, using
Gses and maerials aNg from sclentifc and
teohnical Issues. The legal process - te,
judicial, legislative, and administralve law
malng - and ts Impoole on engneer and
-oadl. How foderal and state govemance

grows as technology grows. How regulagon
conirasi and suppots technology. Curbs on
that power. How scientin and engineedng
confictls are resolved Inside a legal frame-
work Role of values In that process.
J. 0. NyhWt

Inventione and Patents
Offered under: 3.172, 6.901, 16.673, 22.064
Prereq.: 14.02
U (1)
3-0-6
History of private and public rights In scientific
discoveries and app eeed inering leading to
the development of e patent systems.
The classes of Invention protectable under the
patent laws of the US, Including the proce-
dures 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 explora-
ton, OMI, and/or aeronautical fields c) the
electrical and electronic areas Including key
radlo, soild-state, and computer Inventions.
R. H. Rinse

Management In Engisring
Offered under: 2.96 6.930, 10.806, 13.52,
16.993, 22.002
Prereq.: -
U (1)
3-0-9
Introdcton of nginserin management in ye-
doty of setings. 1) Role eineeding and re-
Walonship to other functions, 2) managordal
tools and concepts used In engineering orga-
nizations, 3) practos In handling short- and
long-term problems, 4) career strategy and de-
velopment. Topics: fnancial princlples, man-
agement of Innovation, engineeing project
planning and control, human factors, career
planning, palent., and technical strategy.
Case method of Instruction emphasizes pario-
Ipalon in class discussion. Juniors, seniors, or

-rad' s rtD). P. Haful. H. S. Marcus

Engineering Rlsk-enelt Analys (A)
Offered under: 1.155, 2.943, 3.577, 6.036,
10.816, 13.621, 16.794, 22.82
Prereq.: 18.02
G (2)
3-0-
Risk assessment, decision and cost-benet
analysis, and fault-tree methods for describing
and maldng doolslons about societal diks (nu-
clear reactors, doms, carcinogens, transport
and disposal of hazardous materls) assoi-
ated with large einen projects. Balancing
risks and beneft In situations Involving hu-
man safety, environmental risks, And finanal
uncertainties. Presentations of mor risk as
sesments and the public decision processes
associated with them.
A. W. Drake,A A. Odor

Engineering Systems Analyse (A)
Offered under: 1.146, 2.192, 3.56, 13.62,
16.784, 22.621
Prereq.: Permission of Instructor
G (1)
3-0-

Synthesis of analyti procedures for idenft.
tion and seleodon of optimal systems. Review
of economic framework for analysis. System-
atc application of mathematical optimization to
engineeIng problems. Evaluation procedures
for single and multi-attributed problems cover-
Ing decision analysis in addition to standard
procedures. Application of this material to real
problems. Use of microcomputer
and expert systems based In Project
A. de NeuMi, J. P. Cfark

Entreprenhurship
Ofered under: 2.942, 3.566, 6.936, 10.001,
13.78,16.672, 22.86
Prerq.:-
O (2)
4-0-5
Introduction to various issues faced by techni-
cal innovators/entrepreneur. Topics include
concept evaluation, palents and elnsing, f-
nanoing, marketing, business planning, ao-
counng, and team buling. Case suies are
used. Term project required In which student
deas are developed Into business plans.
Open to undergraduates by permission of
instructor.
0. G. Janson
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Aerospace Studies'AS

AS 11"he Air Pret 1oday
Prrq.: -
U (1)
1-0.1
Examines t role of t US Mr Force In the

i o ld by sdn national secu-
rdy the uses of nation power
to objecves, inludes -,
mission and of the Mr o and
the funlonf t fores. Emphasis is on the
develpmit of wriltn oommunloaton skills.

. J. sdw

AS 111 Leadrshp Laboratory
Prereq.: -
U (1)
0-1-0

introducton to the customs, tradiions, and
courtesese of the Air Fo through seminars,
OeAMsM6 akera, and apPo fleid tips.

AS 12 The Air Force Today
Prerq.: -
U (2)

Contnues the study of the US Air Force and
is rol in the con=emporay world. includes Air
ieserve Foroms and other US Armed Foross.

Compares and contrasls US and Soviet mM-
tary power and Osa e*s.

. J. SODeOp

AS 121 LadershIp Laboralory
Prereq.: AS 111
U (2)
0-1-0

Continus AS 111 with emphasis on the role
and reasponelbuse of an Air Force junior
o11er.
0. L. Loerro

AS 21 US Air Power: Ascesion to

Prereq.: -
U (1)

History of the development of air power from
its b through World War 1l. Emphasis
s on i rigoventhe employment
of ar pw ad how it - Also exam
inn how technology has the growth
of air power.
8. 8. &Wd

AS 211 Leadrsh Laboralory
Prereq.: AS 121
U (1)
0-1-0
Emphasizs devlopmn of techniue used

tStudteM. re e m ed
leadership end management poeldnth~e
AS 111 progrlmedsdbedb .
D. L. Lovemo

AS 22 US Air Power: Key to Deterrenos
Prereq.: Permleeon of Ineiruotor
U (2)
1-0-1

Continues the hty of air power since World
War 1l, with emphas on the US AirFor. in-
aludes the role of air forces in cons, and
the effect of epen-age h ogy n air
power. Also examinee the epoyment of US
air powr In peaceful ways.
a . T uft

AS M Leadership LabonWoy
Prereq.: AS 211
U (2)
0-14
Contnues AS 211. Adds a special program In
preparaton for Field Training.
D. L. Lovwno

AS 31 Management and Leadership
Prere.: -
U (1)
3-0.3

Stuyadership from the
pOInt of view ote Ar Foe jior w.
Ilhe ndividual m vaonal and behavior po-
seses, leadership, communication, and go

dynamics are covered to provide a foun
for the devoment of the junior ofloor's
profestinal sde as an Mr Force officr.
A. . 80se, N. . Larson

AS $11 Leadership Loralry
Prereq.: AS 221
U (1)
0-1-0

Supervisory practic and exercise of leader.
ship funoon in cOfte ng o.
tivites of the of
leadership potentil in a practical, supervised
training laboratory.
D. L Lovmo

AS M2 Managament and Ladership
Prereq.: AS 31
U (2)
3-0-3
Contnues AS 31 With special empha on 00

~ocmsednaeisbn

2, w~j , and *0 in a
rnment and perewnOW

use, management of forces in chNg, Orgi.
aon l pwer polt, and maaer

sreegy and tcic ae disoued tW ht
~ of ft mft organlatin.

t. L Bft N. . L~ro

AS M1 Leadership Laboratory
Prom.: AS 311
U (2)
0.140
Coninues AS 311 emphasis on supervisory
and db. Emphasis on edvan-
tages of an rForce career.
0. L. Lovero
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MS
Military Science'

AS 41 American National Security: Polloy
OWd Prose
Prereq.: -
U (1)
3-043
Examines the development of American Na-
tional Security Policy through discussion of the
various groups which affect policy. Investi-
gales current Issues of national seouty and
regional security Issues. Emphasis on Integra-
tion of current events Into course topics. Stu-
dents are asked to challenge current ideas on
National Security Policy.
D. L. Loverro, R. G. Hussey

A 411 Leadership Laboratory
Prereq.: AS 321
U (1)

Exercise of management functions In planning,
supervising, and directing cadet corps activi-
ties. Acquire proiciency In miitary leadership
slds.
0. L. Loverro

AS 42 Issues For Today's Military
Prereq.: AS 41
U (2)
3-0-3
Study of selected Issues which affect the mill-
tary today. Topics Include the Laws of Armed
Conflot, Equal Opportunity and Training,
Women in Combat, the Military Legal System
and the Military as a Profession. Emphasis on
student p osentation and Initiative.
D. L. Loverro, R. G. Hussey

AS 421 Leadership Laboratory
Prereq.: AS 411
U (2)
0-1-0

Continues AS 411. Includes preparation for
professional duties.
D. L. Loverro

MS 111 Introduotlon to ROTC and the Army
Prereq.: -
U (1)
1-2-1

Investigates the generalized employment of
the US Army, starting with the formulation of
US foreign policy and the uses of military
power In diplomacy. Covers the development
of Army combat power In terms of personnel
and organization. Emphasizes knowledge of
current military events and their Impact on the
nation, and written and verbal communication
skils.
J. W. Conners

MS 121 The Army Today

Prereq.: MS 111
U (2)
1-2-1
Discusses Interface between Active Army, Na-
tional Guard, Reserves, and civilian work
force; Interservice and Intra-alhiance support.
Examines organization and role of company-
sized units; small unit tactics and combined
arms concepts. Specialities of soldiers are re-
lated to operational unit missions. Introduces
principles of war and relates them to actual
historical events.
J. W. Conner

MS 21 Instructional Methodology
Prereq.: Permission of Instructor
U (1, 2)
2-0-1

Designed to provide the student with
theoretical and practical experience In
preparing and presenting effective oral
presentations. Investigates the psychology and
principles of learning, speech techniques,
integration of audio-visual media, programmed
Instruction techniques, test and examination
construction, and classroom management
techniques. Every student required to deliver
three oral presentations. The student Is
critiqued and evaluated by the Instructor and
other members of the seminar.
A. V. K. Blanchard

MS 211 Leadership
Prereq.: MS 111, MS 121
U (1)
1-2-1

Introducion to military leadership and man-
agement. Various leadership theodes dis-
cussed, and an intgrated Leadership Model"
developed. Using this model, the class itwesti-
gates: the indi - his or her needs,
goals, atttudes, and behavior; the group - Its
goals, structures, roles, and norms; and the
leader - his or her style, behavior, needs,
and goals. Topics such as Interpersonal com-
munications, motivation and counseling, dis-
cussed. Case studies are used to enhance
classroom effort.
R. J. Kury

MS 221 Brahes of the Army
Prersq.: MS 111, MS 121
U (2)
1-2-1

Acquaints students with the functional
branches of the Army, to Include their employ-
ment, Initial entry positions, and the assign-
ment patterns associated with each branch.
Each functional branch studied In sufficlent
detail to provide a basic understanding. The
Army's Offier Personnel Management System
is Introduced and addressed from the point of
view of the Individual officer's management of
his or her own military experience.
R. J. Kury

M9 31 Small Unit Tactics
Prereq.: MS 221 or Basic Summer Camp
U (1, 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 retrograde opera-
tions discussed along with weather considera-
ions and their Impact on combat operations.
Current organization and hardware associated
with small tactical combined arms formations
reviewed.
A. J. Seranfni, Jr.

IMlIiy Sanm Mblecis ae not for MIT redit
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Me 311 MIlitary Management
Prereq.: MS 211, 221, or Basic Summer
Camp
U (1)
1-2-1

Concerned with the integrated management of
Army units and activities. The commander and
the staff examined in detail, with emphasis on
the various formal and Informal methods used
to acquire Information, anticipate and forecast
requirements, make decisions, implement
those decisions, and supervise and evaluate
the results, Nature and role of combat support
activities discussed.
A. J. Seranfni, Jr.

MS 321 Land Navigation

Prereq.: MS 311 or Permission of instructor
U (2)
1-2-1

Students acquire the ability to determine point
locations accurate to within 10 meters, and
loam the fundamentals of direction and dis-
tance determination both on a map and on the
ground. Familiarizes students with the funda-
mentals of terrain analysis to include the abil-
ity to construct accurate terrain profiles.
Familiarizes students with the techniques used
in interpretation of aerial photographs, to in-
clude determination of scale and direction, and
identification of objects on the ground.
R. T. Yongen

MS 41 MIlitary History

Prereq.: -
U (1,2)
2-0-1

Examines the development of the US Army.
Emphasizes giving the student a better under-
standing and perspective regarding the history
of the US Army, the roles military profession-
als have played in shaping the US, and where
the military profession fits into the society it
serves. Equips the student with the tools nec-
essary to analyze military operations at all lv-
et using historical methodology and
stimulates an Interest in the study of military
history which leads the potential Army Officer
to a mature, informed conception of his role as
a leader in the US Army. An American Revo-
lutionary War Battlefleid study trip is included
during IAP to meet the 45-hour Military History
Requirement for Army ROTC Cadets.
R. J. Kury

MS 411 Miltary Law and Administration
Prereq.: MS 31, MS 311
U (1)
1-2-1

Provides the Military Science student with an
Introduction to the United States Military Jus-
tice System. Develops historical and legal ba-
Mle, as well as modem practical application of
Military Justice. Prepares student for a leader-
ship position which Inherently Involves admin-
istration of discipline and justice. Includes
discussion of practical aspects of small-unit
administration.
E. D. Hammond

MS 421 MIlitary ithios and Pofteselonallem
Prereq.: MS 31, MS 321, MS 311
U (2)
1-2-1

Brings together material on two major topics:
the military as a profession, and morality and
war. Stresses ethical dimensions of the mill-
tary profession and juxtaposes positions of
well known scholars. Themes examined In-
clude the inextricable association of human
values with the military profession and the res-
olution required when crucial military values
are perceived as at odds with the parent
society.
E. D. Hammond

MlItoy Science 237D



Naval Sciencel

NS 11 Introduction to Naval SOience
Prereq.: -
U (1I

General Introduction to seapower and the na-
val service, covering an overview of the orga-
nization and historical development of the US
Navy and Its tactics and equipment, Covers
the basic tenets of naval courtesy and cus-
toms, discline, leadership, and ship con-
struoton, as wll as the maJor challenges
facing todays Naval officer.
K. L. CaiNhw

NO 12 Naval Ships Systeme P
Prereq.: -
U (2)
3-0-
Lecture series on technologlcal fundamentals
of applied and planned Naval Ships Systems
from an engineering viewpoint. Topics:
stability, propulsion, ship control and

comartmentation.
R. E Brnnon

NB 21 Naval Ships Systsem IF.
Prereq.: 18.02, 8.01
U (1)
3-0-3
Baic system modeling techniques and state
variable representadtions. Examples taken from
systems found on naval ships and aircraft.
Laser fundamentals, applications, side-looking
radar, and radar holography discussed. So-
lsoted readings on naval weapons and fire
control systems.
R e Bunson

No 32 Seapower and Maritime Affairs
Prreq.:-
U (2)

Exploraton of the general concept and history
of sespower (Including the merchant marine
and oceanographlo research), the role of var-
Ious warfare components of the Navy In sup-
poring the Navy's mission, implementation of
sopower as an instrument of national policy,
and a comparative study of US and Soviet na-
val strategies.
K. L Ckhmn
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NO 31 NavIgation and Naval Operations P

Prereq.: -
U (1)
2-2-4
Comprehensive study of the theory, principles,
and procedures of piloting and celestal navi-
gation, inolu 4ng mathemads of navigation,
practical wf. involving navigational instru-
ments, slight reduction by pro forma and com-
puterized methods, charts, publications, and
voyage planning.
J. P. Waffose

NB 32 Navigation and Naval Operations N
Prereq.: -
U (2)
3-0-3

Comprehensive study of tactical and planning
considerations relative to employment of naval
forces, Including communications, taocal for-
mations and dispositions, relative motion, ma-
nouvering board, and nautical rules of the
road.
J. P. Wallace

NO 33 Modem Warfare
Prereq.: -
U (1)
2-0-2

Study of warfare as an instrument of political
action throughout modem history. Interrela-
tionahip with other components of statecraft
stressed, as Is the Influence of economic, psy-
chologlcal, moral, political, and technological
factors on strategic thought. Great leaders and
military organizadons of history examined to
discover the Ingredients of their successes.
M. C. Tayfor

NO 34 Marine Corps Doctrine and Tactics
Prereq.: -

U (2)
2-0-2

Overview of general military subjects and con-
centraion on Marine Corps amall unit tactics
and leadershlp In preparation for Madne 1st
Class crules, "Bunldog." Covers the basic ten-
st of lAnd navigation, the M16 rifle, offensive
combat operations and orders, and leadership
at the fire team and squad level. Streases the
development of Individual leadership skilis and
self-confidence. Practical exercises in land
navigation and tactics conducted at local mill-
tary training areas.
M. C. Tayior

NB 41 Leadership and MInagement I
(Revised Unit)
Prreq.: -
U (1)
2-0-4
Partiolpative study of management theory. in-
cludes the historical development of manage-
ment; role of the manager; manager
produotvity; settng obljectve and priodtes;
organization theory; the controling functon;
pedormanoe appraisal; motivation; individual,
interpersonal and group behavior theory;
leadership theory; communicatons; organlze
tional change and development; de n
Ing; the relationship between authority,
responsiiity, and accountability. The Interface
bet technical and behavi faors Is In-
oluded. The goal of the course Is to better un-
derstand effcoive and efficent work with
superiors, peers, and subordinates to optimize
the use of scaroe resources. Historical and hy-
pothel Naval Service soenarios are
Included.
J. G. Ward

NB 42 Leadership and Management N
Proreq.: -
U (2)
2-0-2
Gives the student a basic background In the
duties and responsibilities of a junior division
and watch onfocr; strong emphasis on the Jun-
ior oficers responsibilities in the area of train-
ing, counesling, and career deveiopmenL
Student familiarized with equal opportunity
programs rnd drug/alcohol rehablilaion pro-
grems. Principles of leadership reinforced
through leadership cse studies.
J. G. Ward

NB 43 AmphibIous Warfare
Prereq.: -
U (2)
2-0-2
Historical and tactical analysis of amphibious
warfare. Seeks to define the concept, explore
its doctrinal oigins, and trace i evolutin as
an element of naval poliy during the 20th
century. Case study approach used to provide
the prospective Maine Corps Oficor with the
fundamentals of amphibious tacllos.
M. C. Taylor

NS
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Institution 59,94,134,143,151, 166,1 ,223,
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Laboratory for Electromagnetic and ElectronIc

Systeme o
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Management, Sloan School of 206
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Manufacturdng and Productivity, Laboratory for 91
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Margaret Hutchinson Complon Gallery 22
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Marine Geology and Geophysics 237
Marine Materials and Fabrication 176
Marine Systems 176
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Master of Architecture 57,109
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116
Master of Science In Aeronautics and

Astronautice 128
Master of Science in Applied Biological

Sciences 219
Master of Solience In Architecture Studies 110
Mester of Science In Ceramics 157
Master of Science in Chemical Engineering 133
Master of Science in Chemical Engineering

Practice 133
Master of Science In Chemistry 226
Master of Science in Civil Engineering 140
Master of Science in Earth and Planetary Solences,
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Master of Science In Economics 1865
Master of Science In Electrical Engineering and

Computer Science 151
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Technology 92 143,1 171,177,200
Master of Solence in Mateal Engineering 157
Master of SOence In Materials Science 157
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Mater of Solonc In Meteorology In

Ocarogapy230 .
M in Resoerose Engineering
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Architecture and Marine Engineering, or Without
Specification 174

Master of Science in Ocean Systems
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Master of Science In Operations Research 94
Master of Science in yic 242
Maser of Science In Politiclnc 201
Master of Solence in Politioal Science and Public

Policy 201
Maeser of Solence in Polymers 157
Master of Science in Real Estate Development 65
Maser of Science in Technology and Policy 96,

128,133,143, 158, 166, 171,177
Master of Science in Transportation 865, 141, 177
Maser of Sclence In Urban Studies and

Planning 117
Masler of Science in Visual Studies 110
Master of Science With and Without

Sp 5 7onon 57
Maters and bachelor's Degree Program,

Combined 164
Masters and Bachelors Degrees, Simultaneous

Award of 56
Master's Degrees 57
Masters Degrees in City PlannIng and Architecture,

elmuitaneous 116
Master's Degrees in City Planning and Real Estate

Development, Simultaneous 117
Master's Degrees in City Planning and

Transportation, Simultaneous 117
Master's Degrees, Simultaneous Award of Two 57
Materials, and Structures, Aeroolaetolty, 126
Maerils Engineer 134,157
Materials Engineering 157
Matriale Engineering, Master of Science in 157
Materials Engineerng, Polymers and 133
Materils Laboratory 141
MaeRils Processing Center 92
Materials Research in Archaeology and Ethnology,

Center for 54
Materials Science 157
Materials Science and Engineering, Bachelor of

Sclence in 154
Materials Science and Engineering, Center for 64
Materials Science and Engineering, Department

of 162
Materils Science and Engineering, Doctor of

Philosophy and Doctor of Science In 157
Materials Science and Engineering, Subjects in 250
Materials Science, Master of Science in 157
Mathematios and Computer Science, Bachelor of

Science In 25
Mathematios, Applied 233, 237
Mathematis, Bachelor of Science in 233
Mathematics, Department of 232
Mathematics, Doolor of Philosophy and Doctor of

Solencein 237
Mahemanis Pure 234, 237
Mathematics, Subjects In 162D
Mathematics, Theoretcal 234
Mathematics with Computer Science, Bachelor of

Slenos In 236
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Meal Plane 24
Mechanical Behavior of Materials Laboratory 162
Mechanical Engineer 1g
Mechanical Engineering, Bachelor of Science in
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Mechanical Enginee Department of 1S
Mechanll Engineeg Dgn 161
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Service 49
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Miecellaneous Fees 62, 63
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MIT, Hstory Of 8
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Mit Overview 8
MIT Press 13
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MIT Student House 24
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Music 22, 48, 199
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Newman Laboratory fory fomachancos and Human
Rehabliion, Erlo P. and Evelyn E. 162

NightSchool 18
Nomntis Committee 20
Non-Reeldent Doctoral Thesls Research Statue 59
Nuclear and Particle Theory 242
Nuclear En~er171
Nuclear n g, Bachelor of Science In 160
Nuclear Eneing, Deperment of 17
Nuclear Ingineudng, oolor of Phiosophy and

Doctorof =lenosin 171
Nuclear Ein Master of Solience in 171
Nuclear Engineed Subjects in 200
Nuclear Reactor L 94,172
Nucla Sceclaboratory for 91
Nuclei and Particles, Division of 242
Nutritional Slochemistry and Metabolism 216
Nutrition and Food Science, Department of. See

Applied BIologioal Sciences, Department of
Nutrition Program, International Food and 89
Observatories and Paclies, Astronomy and

Astrophyalce 79
Observaory, Haysta Radio SO
Observaory, McGraw-Hill S0
Observatory, WMlace Geophysclal 100
Ocean Engineer 177
Ocean E ng and Oceanographic

Engieein 261
Ocean Engineeng, Department of 173
Ocean Engineeing, Doctor of Philosophy and Doctor

of Sclence in 176
Ocon Englneefn, Naval Architecture and Marne

En n, or Designaton, Bachelor of
Science In. 174

Ocean Engineerng, Naval Architecture and Marine
Engineering, or Without Specification, Master of
Scaoslo n 176

Oce Engineering, Subjects in 106D1
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Oceanographlo Engineerng, Joint Program In

Oceanography and, with Woods Hole
Oceanographo ntitution 50, 94,134,143, 161,
166, 177,228,280,251

Oceanography and Engineering 94
Oceanography, Center for Mendorology an Physical

231
Oceanography, Doctor of Philosophy and Doctor of

Solence 2100
Ocnorp, Meteorology, or Ea and Planetary
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Ocearap or Meteorology, Master of SOence
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Ocean Systems Management, Master of Science

in 177
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Organtion of the insituto 17
Oanation and Research Faomle,
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Overview of MIT 8

Parent Loan Plan 8, 63
Parnn, R M., Laboratory for mser Resources
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Pas Grading 8
Paee/Pal Opion, JunIor/Senior 33
Payment Plan, Sursary 52, 83
Payments 2, 63
Personal Conferanoee 46,40
Personal PIIs of Faculty and Staf 75
Philsophy 43, 196
Philoecphy, Bachelor of Scienoe in 196

O Dotor of Phlosophy in 16
Requirement 46

Physical Oceanography 251
PN"ca Oceanography, Cente for Meterology and

lSlences, Dooloral Curriculum In Biomedcl
I and 20

PhyIloS, Plasma 171
PhyOs, Sachelor of Solence in 240
Physics, Department of 286
Physice, Doctor of Philosophy and Doctor of Scoence

in 242
Physic, Maste of Science In 242

y Requrament 40
Physlca, Subjects in 50
Physlos with Elecical Enginesdng 241
Ping Wan Tang Residence Hal 25
Planning anW Architecture, Labcrtory of 01
Planning PoIloy, EnvIronmental 116
Planning, Bachelor of Soence in 112
Planning for DevlIO~Cunrie 114
Planning, Master of in Urban Studien

and 117
Planning, Traneponalon 116
Plasma Fusion Center 96
Policies and Procedures, Institute Regulaione 72
Policy and PlanningEnvironmental 116
Policy, Indutra Development, and Techniology,

Center for 865
Politil Solence 48, 196
Political Science, Aosilerated Meeter of Science

in 201
Poiticeal Science and Public Policy, Master of

Solenc in 201
Poitial Sioence, Bachelor of Solenoc in 200
Potoal Sonce, Department of 199
Polical Science, Doctor of Phlosophy in 201
Poiial Science, Meeter of Science in 201
Poltical Scienc, Subject in 1400
Pollym e 157
Polym nd MOrlEn g 138
Polymer LaOratie s, OWes n 162
Polymers, Meer of Science in 157
Polymer Science and Technology, Program In 98
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PremedIl Educaton 84
Preprofeseional Advising and Education 27
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ProcesIng for LaO Changes in ,
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Program, Academio 9, s0
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Program for Two Bachelor's Degrees 33
Program in Polymer Science and Technology 96
Prco~emin Science, Technology, and Society 43,

Programs, Cooperative 51, 62
Prgrame, Cooperatve, with other Inetiutons 37,

Programs, Departmental 9, 30, 108
for Executive Education In

213
AIE 12

Interhas 48
Propulsion and Energy Conversion 127
Propulsion Laboratory, Combustion and 162

11
, Urban Management, and the

Law 113
Publications, Student 21
Pure Mathematics 234, 237

Radlation Science and Technology 171
Radioogcal Solence, Doctoral Program in 244
Ralph M. Persons Labo y for Water Resources

and Hydrodynamics 141
Reacting Gas Dynamics Laboratory 162
Reaon Engineering 132
Reactor Laboratory, Nuclear 94, 172
Real Estate Development, Center for 865, 105
Real Is"ets Development, Housing and 116
Real Estate Development, Master of SOclence In 865
Real E ta Development, Simultaneous Maeter's

Degrees in CtyPlannng and 117
Recommendation, Letters of 76
Records, Privacy of Student 74
Reisration Procedures 68
Rgitraton, Charges for Late Changes In 52, 63

Undergraduate, Ught-Load 609
SGraduate missions 60

Reguletions Academic Procedures and Institute 67
End-of-Tem 71

, Institute 72
giells, Institute Policy on Student Absence

Dusto 72
Religious OrganIations 21

Studies 48
i E NCE Laboratory 141
Requirement, Calculus 40
Requirement, Chemistry 40
Requirement in the Humanities, Aits, and Social

Sciences 41,160

Requlem e l fmption 46
e Pylce 40

Requirment, Soleno 30
Requireon Sence Ditribudon 44
Requment, Writing 40

equremnts for A Degrees,
Undeduate W0

Requirements for Graduate Degrees, General 57
Requirements, General Isute 3o
Requirements, Relidence 57
Research and Development In Continuing Education,

CAKS 82
Research and TeachIng Aeslstantehips 65
Research Facilities, Interdepartmental Organizations

and 78
Research insdtute, Mining and Mineral Resources

g8,143
Research Laboratory of Electronics 96
Research Program on Communications Policy 98
Research Room, VMmen's Studies 34, 100

Research Staft Members, Graduate Student Status
for e1

ReelenoeriVna* We 24
Requirements 67

Resources, Educational 12
Resources for Graduate Study 56
Resource Research instiute, Mining and Mineral

93,143
Review of Student Record 74
Risk Analysis, Advanced Study Program on Systems

Relibilty and S1
Room andloeard 24,51,62
ROTC Programs 36
Rune 21
Russian. See Subjects In Foreign Languages and

Uteratures
Russian Studies 41, 181

6.B. - M.C.P. Option, Five-sar 114
Scholarships and Loan Funds 52
School of Architecture and Planning 104
School of Chemical Engineering Practios 133
School of Engineering 118
School of Humanities and Social Science 179
School of Management, Sloan 206
School of Sclence 214
School-Wide Electives in Engineering 120, 2330
Schools and Colleges, Accreditation by the New

England Associaton of 9
SOience and Technology Program, MIT-Japan 94
Soience Distribution Requirement 44
Science Requirement 39
Science, School of 214
Science, School of, Interdepartmental Laboratories in

the 215
Science, Technology, and Society, Program In 43,

97, 208
Soience, Technology, and Society, Subjects in

2280 .
Sciences, Blomedical 80, 250
Seafloor En 176
Sea Grant g 97
Second 8.5. Degree in Mechanical

Engineering 164
Secondary School Preparaion 46
Selection of Mojor Course of Study 82
Seminar Program, Conter for Advanced Engineering

Study, Conference and SI
Seminars, Lectures, and Filme 21
Seminere, Undergraduate 32, 99
Senior Executves, MIT Program for 213
Services, Student 26
Settlement Design, Housing ad 110
Shakespeare Ensemble, MIT 22
Ship and Ofshore Rig Dynamlos 176
Ship Design 176
Ship Propulslon 176
Ship Systems 176
Simultaneous Award of Bachelor's and Master's

Degrees 65
Simultenecus Master's Degrees in City Planning and

Architecture 117
Simultaneous Masters Degrees in City Planning and

Real Eselts Development 117
Simultaneous Master's Degrees in City Planning and

Transora 117
Simultaneous Registraton for Two Master's

Degrees 57
Single Student Housing, Graduate 25
Single Student Housing, Undergraduate 23

SanAutomotive Laboratory 162
Sicen Fellows Program, Alfred P. 213

Sloan School of Managerent, Ard P. 207
Socil Committee 20
Social Sience, School of Humanities and 179
Socil Solenbes, Humanities, and Arts

Requirement 41, 180
Soolety for Wmen-EngIneers 21
Sociology 43
Sold-sate, Iaser, Plasma, and Atomic Physics 242
Sororties, and Independent Living Groups,

Fralemnies, 24
Space Research, Center for 85
Spanish. See Subjects in Foreign Langusgee and

Lileraturee
Specil Graduate Students 61
SpOl and interdiscAlinary Programs in Humanitse

and Social Sciences 150
Specl Interest Groups 21
Special Laan Funds, Graduate 65
Special Loan Funds, Scholarships for

U~ ad 52
Spclai or Urban and Regional

StudIes 104, 117
Special Programs, Subjects in 226D
Special Student Admissions 51, 61
Speotroecopy Laboratory 97
Speech and Debate Society 21
Sports. See Athleics
Statement of Disciplinary Commite Procedures 78

Statisic Center 98
Structural Design and Analysis 140
Struotural Mechanics 176
Struotures Laboratory 141
Structures, Materiss, and Aeroelastiolly 126
Sludent Absence Due to Resigious Beiefs, Institute

Poliy on 72
Student ActA Association of 20
Student Art Association 21
Student Center Commttee 20
Student Commttee on Educational Policy 20
ftrdent lMwcto)y, Privacy of informatlon 75

Student Employment 52, 61, 66
Student Government, Graduate 20
Student Govemment, Undergraduate 20
Student Health P75w 26
Student House, MI 24
Student Information Processing Bcar 20
Student Publications 21
Student Records, Privacy of 74
Student Records, Review of 74
Student Servics 26
Student Otn, Dentn of 66
Study atOw Universi 37, 50

Credits end Designations 69
Distribution 41
Eleotive 44
in Aeronautis and Astronautis 1400
in Aeroepsos Studies 236D
in 197D
in AppIed Soelcnces 174D
in Architecture 330
in Biology 65D
In Brailn and 700011"som

Chemical 000
SujcsIn OWNl 2D

in Earth, A ,moshc and Plntay
Sciences 97D

Subjeoe in Economics 1160
Sbet in Electrical Engineering andComputer

Science 40
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Subjects In Engineering School-Wide Electives

IbM-t In Foreign Languages and Literatures

Subjects In Health Sciences and Technology 222D
Subjects In History 192D
Subjecis In Humanities 178D
Subjects in UnguIstics and Philosophy 2160
Subjects In Literature 178D
Subjects in Management 124D
Subjects in Mael Science and Engineering 25D
Subjects In Mathematis 162D

In Mechanical Engineering 15D
In Military Science 236D
in Music 2000

Subjects In Naval Science 2380
Subjects In Nuclear Engineering 2080
Subjects i Ocean Engineering 1060
Subjects in Physics NOD
Subjects In Political Science 149D
Subjects In Science, Technology,'and Society 228D
Subjects in Special Programs 226D
Subjects In Technology and Policy 234D
Subjects in Theabe and Dance 2030
Subjects in The Writing Program 205D
Subjects In Traditions and Texts 204D
Subjects in Urban Studies and Planning 870
Summer Session 10
Surface Laboratory 162
Symphony Orchestra 22
Synthetic Fuels Centsr 87
Systems and Computation, Engineering 136
Systems and Control Science 90
System., Computers, and Control 161
Systems Delgn, Sulding 110
Systems Engieen 123
Systems Relt and Risk Analysis, Advanced

Study Program on 81
Systems Reessarh, Center for Information 83

Talbot House 22
Tang Residence Hall, Ping Wan 25
Teaching and Research Assistantships 65

h, 7he 21
Tech Squares 21
Technique 21
Technology, Accreditation Board for Engineering and

119, 123,130, 137, 13, 147, 154,162,164, 174,
175

Technology and Development Program 96
Technology and Policy 98

an Policy, Master of Science In 96,
128, 1 , 143,158, 166,171,177

Technology, and Society, Program In Science, 43,
97,203

Technology and Polcy, Subjects In 2340
Technology Children's Center 27
Technolg Community Aseciation 21
Technology Community Women 21
Tchnology, IHeah Sciences and Se
Tecnol, Policy, and Industrial Development,

Center for 6
Technology Program, MIT-Jgpan Science and 94
7b kol y Redew 17
Technology Sudies. See Program In Science,

Tnooyand Society
TS of g ass Foreign Language (TOEFL) 50,

61
Theatre g2
Thetire and Dance, Subjects in 2030
Thetal Mathemetics 234
Theoraosilcysios, Center for 242

Thesis 57, 58
Toroidal Confinement Experiments 95
Tours of the Inetitute 15
Toxicology 218
Traditions and Texts 43,182
Traditions and Texts, Subjects in 204D
Traineeships 64
Transcripts and Grade Reports 0
Transfer Admissions, College 50
Transportation 161
Transportation, Maler of Science In 85, 141, 177
Transportation Planning 116
Transportation, Simultaneous Master's Degrees in

CityPlanningand 117
Transportation Studies, Center for 85, 141
Transportation Systems DMlon 141
Tufe University 60
Tuition and Fees 51, 62
Two Bachelor's Degrees, Program for 33
Two Master's Degrees, Simultaneous Registration

for 57

Undergraduate Academic Standards N9
Undergraduate Admissions, Foreign. See

Intemational Undergraduate Admissions
Undergraduate Association 20
Undergraduate Education at MIT 29
Undergraduate Education, Dean for 17
Undergraduate Interdepartmental Opportunities 78
Undergraduate Projects Laboratory 123
U,dergraduate Requirements for Advanced

Degrees so
Undergraduate Research Opportunities Program

(UROP), 33, 99
Undergraduate Seminars 32,99
Undergraduate Single Student Housing 23
Undergraduate Student Govemment 20
Unraduat Students, Costs for 51
U d Engineering 123
Unspecified Degree Programs for Interdisciplinary

Study 100
Urban and Regional Planning In Developing

Countries 114
Urban Management, and the LaW Public Policy 113
Urban Studies and Planning, Department of 111
Urban Studies and Planning, Doctor of Philosophy

In 117
Urban Studies and Planning, Master of Science

In 117
Urban Studies and Planning, Subjects in 870
Urban Studies, Bachelor of Science in. See Planning,

Bachelor of Soe0 in
Urban Sludies, Fleidwork and intrships in 116
Urban Studies, JoInt Center for, of MIT and Harvard

University 105
UROP (Undergraduate Research Opportunities

Program) 33, 9

Vehicle Dynamics Laboralory 162
Vibraions Laboratory, Acustice and 162
Visible Language ckshop 106
Visiting Commlfte 17
Visiting Engineers Program 81
Visua Arts and Dein43.
Visual Arts Carier and Ve List 14, 22
Visual Ails, Committee on the 22
Visual Studies, Master of Science in 110

WMBR 21
silaeo Astrophysical Observatory 79

Mi0e GecphyslcalObsevatory 100
*Afer Qutly Control 142

ter Resources and Environmental Engineering
Dveinn 141

WIer Resouroes and Hydrodynamics, Ralph M.
Parsons Laboraory for 141

WOer Resources Systems, Hydrology and 141
ilNesley Colage 36,59

Wllesly-MIT Exchange Program 38, 59
estem Tradition: issues and Texts. See Traditions
and Texts

Westgate 25
Whitaker College of Health Sciences, Technology,

and Management 14,243
Whitehead Insttute for Siomedical Research 214
Whilte Mier Club 21
mimen Engineers, Society for 21

imen's Independent LMng Group 24
mmn's Studies Program 33,100,182

men's Studies Research Room 34, 100
Woods Hole Oceanographic Institution 59, 94, 251
Wods Hole Oceanographic Institution, Joint

In Oceanography and Oceanographic
En~g with 69, 94.134,143, 151, 16, 177,
223, 230, 251

VrkStudy, College 52
Witing 44
Witing Cenier 190
WrIting Program 190
Writing Program, Subjects in The 205D
Writing Requirement 40
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Chris Maynard; page 36: Rtrd A. Chase;
page 39: Jim Harrison; page 41: Bradford
He ; page 45: Bradford Hez; page 46:
Gary rane 50: Bradford Herzog;
ppe3: MHerzo.

Chapter IV: 4 (clockwIse from upper
left): Helen M. ,rkWHSO, CMn
Campbell e 5 (oiockwie from u left):
Laurie S0 Jim Harrison, Chris ynard;
page 56: Shari Jackeon; page 55: Jim
Harrison; page 60: Holly Sweet pag 61:
Bradford Herzog; page 63: Bradford Herzog;
page 64: Chin U.

Chapter V: Page 66: Gary ranat; page 87
(-lokwise from upper ft): r Maynard,
Bradford Herzog, Matthew R. Ubera.

Chapter Vh: Page 76: Calvin Campbell; page
77 (clockwise from upper left): Laurie
Sokolaky, Bradford Herzog, Chris Maynard.

Chapter VU: Page 102 (clockwise from upper
right): Chris Maynard, Bradford Herzog, Kevin
Burke; p 103 (left to right): Kevin Gv,
Bradford Herzo pag 104: Chris Maynard;
page 118: Gary Agranat; p 179: Paula M.
Lamer; page 206: Bradford Herzog; page 214:
Laurie Sokolsky; page 243: Ed Mailtaky.

Chapter-Vil: Page 262 (clockwise from upper
left): James Lutz, Laurie Sokolaky, Scott
Globus*; page 253 (top to bottom): Bradford
Herzog, Jim Harrison.
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